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EXECUTIVE SUMMARY 

The Cheyenne River from Beaver Creek to Angostura Reservoir is listed on the 2002 State 
303(d) Impaired Waterbody List for not meeting water quality standards for conductivity, 
dissolved solids, and suspended solids. The Upper Cheyenne River Assessment Project was 
initiated in 2003 as a result of the 2002 303(d) listings, and basin-wide sampling was began to 
determine status of all major tributaries upstream of Angostura Reservoir. The Cheyenne River, 
Beaver Creek, and Horsehead Creek in the Upper Cheyenne River watershed are listed on the 
2004 State 303(d) Impaired Waterbody List for not meeting beneficial-use criteria, and 
Angostura Reservoir is listed as having “unknown” status of support of domestic use. The 
Cheyenne River between the Wyoming border and Beaver Creek is listed for specific 
conductivity, total dissolved solids (TDS) and sodium adsorption ratio (SAR). Between Beaver 
Creek and Angostura Reservoir the river is listed as impaired for TDS, total suspended solids 
(TSS) and specific conductivity. Beaver Creek is listed for TDS, TSS, temperature and specific 
conductivity. Horsehead Creek is listed for specific conductivity.  
 
Data from this study was taken into account when the 2006 303(d) Impaired Waterbody List was 
compiled. Data collected during this study resulted in finding that Angostura Reservoir is 
impaired for the beneficial use of domestic water supply due to high concentrations of sulfate 
and TDS. The following studied waterbodies are including in the 2006 Impaired Waterbodies 
List: Beaver Creek, the Cheyenne River, Hat Creek, Horsehead Creek, and Angostura Reservoir. 
 
Physical, biological and chemical parameters were assessed to determine the current water 
quality status of the Cheyenne River, major tributaries and Angostura Reservoir. Data was 
interpreted through computer models, including the FLUX loading model, SSTEMP stream 
temperature model, and the BATHTUB lake eutrophication model. 
 
Eleven river and tributary sites were sampled monthly and during major rain/runoff events from 
September 2003 to August 2005, one site was added in spring of 2005. Top and bottom samples 
were collected monthly from Angostura Reservoir at five different locations during non-ice 
conditions, and bimonthly during summer months. 
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SECTION 1. INTRODUCTION AND PROJECT DESCRIPTION 

Introduction 

The purpose of the Upper Cheyenne River Watershed Assessment was to locate and 
document sources and impacts of nonpoint-source pollution in the watershed and produce 
feasible restoration recommendations, to serve as the foundation of an implementation 
project for Cheyenne River above Angostura Reservoir, and to determine sources of 
impairment in the South Dakota portion of the Upper Cheyenne watershed. The 
Cheyenne River from Beaver Creek to Angostura Reservoir was included on the 2002 
State 303(d) list due to conductivity values and concentrations of dissolved and 
suspended solids that exceeded state standards. During 1996-1997, 38% of suspended 
solids samples and 43% of dissolved solids samples collected from South Dakota 
Department of Environment and Natural Resources (SD DENR) Water Quality 
Monitoring (WQM) sites within the Upper Cheyenne River basin exceeded state water 
quality standards (SD DENR, 2002). 
 
After the inception of this project in September 2003, the 2004 State 303(d) list (SD 
DENR, 2004) was published. Beaver Creek from Wyoming border to mouth was listed 
due to high values of temperature, TSS, TDS and conductivity. The Cheyenne River from 
the Wyoming border to Beaver Creek was listed for high values of TDS, SAR and 
conductivity; the reach from Beaver Creek to Angostura was listed for high 
concentrations of TDS, TSS and conductivity. Horsehead Creek was listed for high 
conductivity values. Support status of Cheyenne River, Hat Creek, Horsehead Creek and 
Pass Creek was listed as “unknown” or “insufficient information” for several beneficial 
uses. Angostura Reservoir’s support status for domestic water supply was listed as 
“unknown”. 
 
While this report was being drafted, the 2006 State 303(d) list (SD DENR, 2006) was 
published, and contained several listings that were not included in previous 303(d) 
reports as well as several that were. Angostura Reservoir was listed as nonsupportive of 
domestic water supply use due to high levels of TDS and sulfate. Beaver Creek was listed 
as nonsupportive of all assigned uses due to state standards exceedances of temperature, 
TSS, TDS, SAR, conductivity, and fecal coliform. The Cheyenne River from Wyoming 
border to Beaver Creek was listed for high levels of TDS, SAR and conductivity due to 
natural sources, while the reach from Beaver Creek to Angostura Reservoir was listed for 
high levels of TDS, SAR, TSS, and conductivity. Hat Creek and Horsehead Creek was 
listed as nonsupportive due to high levels of conductivity.  
 
This report confirms most of the listings from the 2006 303(d) list, although the listed 
status of Hat Creek (nonsupportive of irrigation use due to high conductivity) was not 
verified in this study. Hat Creek was found to be supporting irrigation use. Likewise, 
Horsehead Creek was found to be supporting irrigation use. 
 
Parameters of concern in this watershed are temperature, conductivity, SAR, TSS, fecal 
coliform bacteria, and TDS (Beaver Creek), conductivity, TDS, SAR, and TSS 
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(Cheyenne River from Wyoming border to Beaver Creek), conductivity, TDS, and TSS 
(Cheyenne River from Beaver Creek to Angostura Reservoir), conductivity (Horsehead 
Creek), and sulfates and TDS (Angostura Reservoir). 
 
Drought conditions occurring in the watershed during the study caused multiple 
problems. Dry streambeds limited the amount sampling possible at several sites. High 
TDS, SAR, and conductivity values are thought to be related to low flows resulting from 
less than average precipitation. Management decisions made using data collected during 
this study must be made with the awareness that data was collected during drought 
conditions. 
 
Watershed Description 

The Upper Cheyenne River basin extends through three states – Wyoming, Nebraska, and 
southwestern South Dakota (HUC # 10120106, 10120107, 10120108). Within these 
states the Cheyenne River basin above Angostura Reservoir drains an area of 
approximately 23,300 km2 (Beauvais, 2000). This assessment comprises the South 
Dakota portion of the watershed, which drains approximately 4,700 km2 in Custer, Fall 
River, and Pennington Counties (Figure 1).   
 
The study watershed spans two major physiographic areas. The northern and central 
portions of the watershed are in the Black Hills division of the Great Plains and the 
southern portion is in the Pierre Hills division of the Great Plains (Kalvels, 1982 and 
Ensz, 1990). Land elevation ranges from about 3,160 feet (963 m) to 7,015 feet (2,138 m) 
above mean sea level. 
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Figure 1. Location of the Upper Cheyenne River Watershed Assessment study area in Pennington, 
Custer, and Fall River Counties, South Dakota. 

 
Land use in the watershed is predominantly rangeland (77%) and forested land (21%) 
with some agricultural land (1%) according to the Geographic Information Retrieval 
Analysis System (GIRAS) data compiled by the United States Geological Survey. 
 
Major soil associations found in the watershed include Mathias-Butche-Rockoa, 
Paunsaugunt-Vanocker, Tilford-Spearfish, Kadoka-Orella-Bufton, Norka, Dailey-
Ascalon, Pierre-Samsil, Minnequa-Grummit, Glenberg-Bankard, Lohmiller-Haverson, 
Grummit-Arvada, Canyon-Rockoa-Rock Outcrop, Nevee-Ypynevee-Rekop, Vanocker-
Sawdust-Paunsaugunt, and Stovho-Trebor (Kalvels, 1982 and Ensz, 1990). 
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The average annual precipitation in the watershed is somewhat variable, both spatially 
and temporally, ranging from 16 inches over Fall River County to 22 inches over 
Pennington County. Generally, average annual precipitation within the watershed 
increases as one moves north (Driscoll et al, 2000). The average annual precipitation over 
the South Dakota portion of the watershed in Fall River County is about 16 – 18 inches 
based on data collected from 1961 – 1990. Average seasonal snowfall for this region is 
approximately 42 inches (Kalvels, 1982).   
 
Urban areas are sparse within the study area. The town of Edgemont, SD (population 
867) is the largest municipality, and Oelrichs, SD (population 145) is the second largest 
municipality within the Upper Cheyenne River watershed. 
 
Beneficial Use Assignments and Water Quality Standards 

Each waterbody within South Dakota has been assigned beneficial uses. All waters (both 
lakes and streams) are designated with the beneficial uses of fish and wildlife 
propagation, recreation, and stock-watering waters (9) and irrigation waters (10). 
Additional uses have been assigned by the State based on a beneficial use analysis of 
each waterbody. Water quality standards have been defined in South Dakota State 
statutes in support of these uses (ARSD 74:51:01). These standards consist of suites of 
criteria for each beneficial use that provide physical and chemical benchmarks from 
which management decisions can be developed. Table 1 lists the water bodies included in 
this assessment and their respective beneficial uses. Table 2 lists the criteria required to 
achieve each beneficial use. When multiple standards of the same parameter exist for a 
particular waterbody, the most stringent standard is used. 
 
All surface waters in the State are classified for one or more of the following beneficial 
uses: 
 
(1)  Domestic water supply waters; 
(2)  Coldwater permanent fish life propagation waters; 
(3)  Coldwater marginal fish life propagation waters; 
(4)  Warmwater permanent fish life propagation waters; 
(5)  Warmwater semipermanent fish life propagation waters; 
(6)  Warmwater marginal fish life propagation waters; 
(7)  Immersion recreation waters; 
(8)  Limited contact recreation waters; 
(9)  Fish and wildlife propagation, recreation, and stock watering waters; 
(10)  Irrigation waters; and 
(11)  Commerce and industry waters. 
 
Table 1. Beneficial uses of Upper Cheyenne Watershed waters. 

Waterbody Uses 
Angostura Reservoir 1, 4, 7, 8, 9, 10 
Beaver Creek 3, 8, 9, 10 
Cascade Creek 2, 7, 8, 9, 10 
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Waterbody Uses 
Cheyenne River (from Wyoming border to Angostura Reservoir) 5, 8, 9, 10 
Cottonwood Creek 9, 10 
Hat Creek 5, 8, 9, 10 
Horsehead Creek 5, 8, 9, 10 
Pass Creek 9, 10 

 
In addition to physical and chemical standards, South Dakota has developed narrative 
criteria for the protection of aquatic life uses:  All waters of the State must be free from 
substances, whether attributable to human-induced point source discharges or nonpoint 
source activities, in concentrations or combinations which will adversely impact the 
structure and function of indigenous or intentionally introduced aquatic communities 
(ASRD § 74:51:01:12).
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Table 2. Beneficial use numeric criteria 

Parameters 
(mg/L) except 
where noted 

(1) 
Domestic 

water 
supply 

(2) 
Coldwater 
permanent 

fish life 
propagation 

(3) 
Coldwater 
marginal 
fish life 

propagation 

(4) 
Warmwater 
permanent 

fish life 
propagation 

(5) 
Warmwater 
semiperman
ent fish life 
propagation 

(6) 
Warmwater 

marginal 
fish life 

propagation 

(7) 
Immersion 
recreation 

(8) 
Limited 
contact 

recreation 

(9) 
Fish, wildlife 
propagation, 

recreation, stock 
watering 

(10) 
Irrigation 

Alkalinity 
(CaCO3)         

≤7501 
≤1,3132  

Barium ≤1.0          

Chloride 
≤2501 
≤4382 

≤1001 
≤1752         

Chlorine, total 
residual  

≤0.019 
(acute); 
≤0.011 

(chronic) 

≤0.019 
(acute);  
≤0.011 

(chronic) 

≤0.019 
(acute); 
≤0.011 

(chronic) 

≤0.019 
(acute); 
≤0.011 

(chronic) 

≤0.019 
(acute); 
≤0.011 

(chronic)     

Coliform, total 
(cfu per 100 mL) 

≤5,000 
(mean); 
≤20,000 
(single 
sample)          

Coliform, fecal 
(cfu per 100 mL)       

≤200 
(mean); 

≤400 (single 
sample) 

≤1,000 
(mean); 
≤2,000 
(single 
sample)   

Conductivity 
(µmhos/cm @ 

25°C)         
≤4,0001 
≤7,0002 

≤2,5001 
≤43752 

Fluoride ≤4.0          

Hydrogen sulfide, 
undisassociated  ≤0.002 ≤0.002 ≤0.002 ≤0.002 ≤0.002     

Nitrogen, 
unionized 

ammonia as N  Calculation3 Calculation3 Calculation3 Calculation3 Calculation3     
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Parameters 
(mg/L) except 
where noted 

(1) 
Domestic 

water 
supply 

(2) 
Coldwater 
permanent 

fish life 
propagation 

(3) 
Coldwater 
marginal 
fish life 

propagation 

(4) 
Warmwater 
permanent 

fish life 
propagation 

(5) 
Warmwater 
semiperman
ent fish life 
propagation 

(6) 
Warmwater 

marginal 
fish life 

propagation 

(7) 
Immersion 
recreation 

(8) 
Limited 
contact 

recreation 

(9) 
Fish, wildlife 
propagation, 

recreation, stock 
watering 

(10) 
Irrigation 

Nitrogen, nitrates 
as N ≤10.0        

≤501 
≤882  

Oxygen, 
dissolved  

≥6.0; ≥7.0 
(during 

spawning 
season) ≥5.0 ≥5.0 ≥5.0 ≥4.0     

pH (standard 
units) 6.5 – 9.0 6.6 – 8.6 6.5 – 8.8 6.5 – 9.0 6.5 – 9.0 6.0 – 9.0   6.0 – 9.5  

Sodium 
Adsorption Ratio          ≥10 

Solids, suspended  
≤301 
≤532 

≤901 
≤1582 

≤901 
≤1582 

≤901 
≤1582 

≤1501 
≤2632     

Solids, total 
dissolved 

≤1,0001 
≤1,7502        

≤2,5001 
≤4,3752  

Sulfate 
≤5001 
≤8752          

Temperature (°F)  ≤65 ≤75 ≤80 ≤90 ≤90     

Total Petroleum 
Hydrocarbons ≤ 1.0        ≤ 10.0  
Oil and Grease         ≤ 10.0  

1 Thirty-day average 
2 Daily maximum 
3 Calculation based on temperature and pH
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Threatened and Endangered Species 

The bald eagle is the only threatened species known to exist in the Cheyenne River 
watershed upstream of Angostura Reservoir (USFWS, 2005). No species are listed as 
being endangered. During the study bald eagles were observed sitting and in flight at 
Angostura Reservoir, HH-1, CR-3, CR-4, and BC-1, and along highway 471 between 
Provo and Rumford. 
 
Load Duration Curves 

Load duration curves (LDCs) can be used as a tool to help outline implementation 
strategies for improving a watershed. The LDCs used in this report are essentially 
graphical representations of the cumulative frequency distribution of daily discharge 
multiplied by a value representing either the State criterion for a parameter or the target 
concentration of a parameter for TMDL purposes. Sample data are plotted as points at 
their respective flow recurrence intervals and loads. Optimal management strategies can 
be inferred by examining the frequency curve’s shape and the distribution and magnitude 
of the sample data in relation to the frequency curve. Implementation practices can then 
be focused on addressing the most likely sources of impairment. For example, TSS 
samples plotted as exceedances at the high-flow end of the graph are most likely due to 
non-point sources, thus targeted areas would include programs that improve bank and 
gully stability, reduce erosion, and reduce the frequency and intensity of flood flows, 
whereas TSS samples plotted as exceedances at the low flow end are most likely due to 
point sources contributing high TSS waters upstream of the sample station. 
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SECTION 2. PROJECT GOALS, OBJECTIVES, AND TASKS 

The goal of this assessment project was to determine and document sources of 
impairments to the Upper Cheyenne River watershed and to develop feasible alternatives 
for restoration. Figure 2 outlines planned and actual project milestones. The number of 
benthic macroinvertebrate samples was reduced from 12 to 6 due to changes in funding 
and problems locating a suitable reference site. Habitat assessment took slightly longer 
than anticipated, and one site was added in the summer of 2005; habitat assessment took 
place at that site in August 2005. Lake water quality sampling did not take place in winter 
months due to dangerous conditions on the reservoir. Lake sampling in September 2004 
was first prevented by high winds, then later by problems with attaining a suitable boat. 
Landuse modeling using the AnnAGNPS model was not completed due to insufficiency 
of the software to model such a large watershed an inexperience of the project 
coordinators with the software. SD DENR has agreed to take responsibility of landuse 
modeling, for which multiple sets of data were collected and added to the database 
throughout the duration of the project. SSTEMP modeling took place in October 2005; 
FLUX and BATHTUB modeling took place throughout the spring of 2006. Public 
participation occurred in all months throughout the project. Producing the final report 
took much longer than anticipated and was extended through the summer of 2006.
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Project Milestones Chart 2003 2004 2005 2006 
  S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M 
Objective 1:  Stream Water Quality Sampling                                                               
                                                                
Objective 2:  Biological Sampling                                                               
                                                                
Fecal Coliform Sampling                                                               
                                                                
                                                                
Macroinvertebrate Sampling                                                               
                                                                
                                                                
Periphyton Sampling                                                               
                                                                
                                                                
Habitat Assessment                                                               
                                                                
                                                                
Objective 3:  Lake Assessment                                                               
                                                                
                                                                
Objective 4:  Quality Assurance/Quality Control                                                               
                                                                
                                                                
Objective 5:  Landuse Modeling                                                               
                                                                
                                                                
Objective 6:  Public Participation                                                               
                                                                
                                                                
Objective 7:  Final Report                                                               
                                                                
                                                                
TMDL Review and Approval                                                               
                                                                
      Planned Milestone   Actual Milestone 

Figure 2. Upper Cheyenne River Watershed Assessment milestone chart.
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Objective 1. Stream Sampling 

The first objective of this project was to collect discharge measurements and water 
quality samples/measurements from the Cheyenne River and tributaries necessary to 
estimate water quality parameter loadings. 
 
Ten sites were monitored throughout the sampling period and one site was added in the 
spring of 2005. Initially there were thirteen river and tributary sites identified for 
monitoring.  Three of these sites, Red Canyon, Pass Creek and Plum Creek, are 
intermittent streams and were eliminated from the study after no flow conditions occurred 
throughout the entire first year of sampling. 
 
TASK 1. Stream Gauging 
Water level recorders were installed in September 2003 at all sampling sites except CR-2 
(USGS 06395000), HC-2 (USGS 06400000) and CR-4 (USGS 64015000), which are 
actively monitored by United States Geological Survey. Maintenance of these stage 
recorders continued for two years. Records are not continuous due to ice, equipment 
malfunctions, and flood stages that exceeded the measurement range of the equipment. 
Discharge in the Angostura Irrigation Ditch was recorded by the Bureau of Reclamation. 
Table 3 gives locations of stream gaging and sampling sites and upstream drainage areas. 
 
Table 3. Discharge gaging and water quality sampling sites. 

Site Stream 
Name Location Description Lat, °N Long, 

°W 
Drainage 
Area, mi2 

AR-6 
Angostura 
Irrigation 

Ditch 

Angostura Irrigation Ditch near dam (not 
gaged) 

43° 
21.117’ 

103° 
25.409'  

BC-1 Beaver 
Creek Beaver Creek west of Burdock, SD 43° 

26.957' 
104° 

00.943' 1663 

BC-3 Beaver 
Creek 

Near Wyoming border (Stream gaging and 
temperature monitoring only) 

43° 
29.879' 

104° 
03.138' 1419 

CA-1 Cascade 
Creek 

Cascade Creek near the confluence with the 
Cheyenne River 

43° 
18.808' 

103° 
33.930' 25.5 

CC-1 Cottonwood 
Creek 

Cottonwood Creek at Highway 471 south of 
Edgemont, SD 

43° 
17.113' 

103° 
49.616' 213 

CR-1 Cheyenne 
River Cheyenne River near the Wyoming border 43° 

26.033' 
104° 

02.146' 5356 

CR-2 Cheyenne 
River 

Cheyenne River at Edgemont, SD (USGS 
06395000) 

43° 
18.342' 

103° 
49.251' 7143 

CR-3 Cheyenne 
River Cheyenne River near Hot Springs, SD 43° 

18.327' 
103° 

33.777' 8731 

CR-4 Cheyenne 
River Angostura Reservoir outlet (USGS 06401500) 43° 

20.769' 
103° 

26.229' 9100 

HC-1 Hat Creek Hat Creek near Ardmore, SD 43° 
01.288' 

103° 
40.116' 707 

HC-2 Hat Creek Hat Creek near Edgemont, SD (USGS 
06400000) 

43° 
14.426' 

103° 
35.292' 962 

HH-1 Horsehead 
Creek 

Horsehead Creek near the confluence with 
Angostura Reservoir 

43° 
16.186' 

103° 
20.852' 260 
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Staff gages were installed at each sampling site. OTT Thalimedes Shaft Encoder stage 
recorders were installed at CC-1, BC-1, BC-3, HH-1, and CA-1. OTT Nimbus Bubbler 
stage recorders were installed at HC-1 and CR-1. CR-3 was equipped with an ISCO 4230 
Bubbler Flow Meter. Stage monitors were calibrated to staff gages and were set to record 
stage values every 15 minutes at 0.001 meter increments. Monitors were checked 
monthly for battery voltage and calibration and recalibrated when necessary. 
 
A map of the study area with stream sampling and gaging sites is shown Figure 3. A 
stream temperature monitoring site added in the spring of 2005, BC-3, is located just off 
the northwest corner of the map.
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Figure 3. Stream sampling sites in the Upper Cheyenne River watershed, Fall River County, South Dakota.



Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 14 
 

TASK 2. Measuring Stream Discharge 
Discharge was measured monthly and during sampled storm events at all sites. Measurements 
were taken using a hand-held Marsh-McBirney FloMate current velocity meter using methods 
described in Standard Operating Procedures for Field Samplers Volume I – Tributary and Inlake 
Sampling Techniques for the South Dakota Water Resources Assistance Program (SD DENR, 
2003a). Discharge measurements were not taken during times of high flow when wading became 
dangerous or impossible. Low flows were measured with a 3” USGS-approved Parshall flume.  
 
To estimate hydrologic budgets, stage data was coupled with flow measurements to generate 
discharge-rating curves using a regression-analysis procedure outlined by Gupta (1989). This 
method creates a parabolic curve in the form of Equation 1 (Q plotted against h) where Q is 
discharge in cubic feet per second, h is gage height, Z is the gage height at zero flow, and A and 
m are constants. The procedure is used with paired values of stage and discharge to determine 
coefficients A, Z, and m. 
 

mZhAQ )(* +=  

Equation 1. Stage-discharge equation. 

 
Stage-discharge rating-equation coefficients are shown in Table 4 for each site not monitored by 
USGS, including correlation coefficient r. After equation coefficients were determined, 
continuous stage data was used for h to generate flow series. Flow-series data was summed for 
each day and divided by the number of data collected that day to generate daily average flow 
series for each site. Daily average flows were used in conjunction with water quality data in the 
FLUX model to estimate loading for the watershed. 
 
Table 4. Stage-discharge equation values and coefficients for project-gaged stream sites. 

Site Period of Record 
# of 

measurements A Z (cm) m r 
BC-1 9/16/2003 – 8/13/2005 16 0.00638 11.3 2.594 0.986 
BC-3 6/21/2005 – 8/31/2005 7 0.00601 11.9 2.477 0.963 
CA-1 9/19/2003 – 8/22/2005 20 0.00291 0.0 2.199 0.817 
CC-1 9/23/2003 – 9/1/2005 13 0.00232 32.8 2.402 0.975 
CR-1 9/17/2003 – 8/19/2005 9 0.0000815 9.0 3.455 0.956 
CR-3 10/14/2003 – 8/13/2004 2 0.0000216 0.0 3.968 n/a 
CR-3 9/4/2004 – 9/1/2005 18 0.0455 -9.3 1.946 0.982 
HC-1 9/26/2003 – 9/1/2005 8 0.000000347 4.5 4.559 0.998 
HH-1 9/16/2003 – 9/1/2005 10 0.0000842 10.0 3.414 0.972 

 
TASK 3. Stream Water Quality Sampling 
Water quality samples were collected from ten stream sites and one site on the Angostura 
irrigation ditch. Four sampling sites were located on the Cheyenne River (CR-1, CR-2, CR-3, 
and CR-4). Six tributary sites (BC-1, CA-1, CC-1, HC-1, HC-2, and HH-1) were sampled. Each 
site was sampled monthly for two years to collect baseflow data, except during those months in 
which the stream was dry or frozen. AR-6 was sampled during the summer of 2005. BC-3 was 
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monitored for temperature, stage and discharge during the summer of 2005. Table 5 lists water 
quality parameters that were monitored in this study. 
 
Table 5. Water-quality parameters collected in streams. 

Biological Parameters Physical Parameters Chemical Parameters 
Fecal coliform bacteria Water temperature Alkalinity 

E. coli bacteria Air temperature Ammonia as N 
Macroinvertebrate communities Dissolved oxygen Nitrate + Nitrite as N 

Periphyton communities Field pH Nitrogen, Total Kjeldahl (TKN) 
Chlorophyll-a (periphyton) Specific conductivity Total dissolved phosphorus 

Ash-free dry mass (periphyton) Turbidity Total phosphorus 
 Stage Total solids 
 Habitat assessment Total dissolved solids** 
 Visual observations Total suspended solids 
  Total volatile suspended solids 
  Total organic carbon 
  Calcium 
  Magnesium 
  Sodium 
  Potassium 
  Chloride 
  Sulfate 
  Hardness** 
  Trace metals (quarterly)* 
  Sodium Adsorption Ratio** 

* Dissolved trace elements (arsenic, aluminum, antimony, barium, beryllium, boron, cadmium, cobalt, chromium, copper, iron, 
lead, lithium, manganese, molybdenum, nickel, selenium, silver, sulfur, thallium, vanadium, and zinc) were analyzed quarterly by 
the Bureau of Reclamation lab in Bismarck. The BOR lab in Boise did not have trace metal analysis capabilities; trace metal 
sampling was discontinued when analysis was transferred to the Boise lab. 
** Calculated value. 
 
Grab samples were collected mid-stream. Each sample was collected from the same location 
with the same method during each visit. After the water sample was collected, water 
temperature, pH, dissolved oxygen, specific conductivity, and turbidity measurements were 
taken using a calibrated YSI 6820 water-quality sonde, and visual observation parameters were 
recorded. All stream samples and measurements were collected using methods described in 
Standard Operating Procedures for Field Samplers Volume I – Tributary and Inlake Sampling 
Techniques (SD DENR, 2003a). The Bureau of Reclamation Labs in Bismarck, ND and Boise, 
ID performed the water quality analysis. Project coordinators collected and analyzed all field 
data. 
 
Onset Hobo Water Temp Pro temperature monitors were installed at BC-1 and BC-3 and set to 
record temperature at 15 minute intervals. A YSI 6800 water quality sonde and an ISCO 674 rain 
gage were installed at CR-3 to record rainfall, dissolved oxygen, temperature, specific 
conductivity, pH, and turbidity at 15-minute intervals. The YSI sonde was calibrated on a 
monthly basis. All equipment was removed from each site subject to freezing during winter and 
reinstalled after spring thaw. 
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Because samples were collected monthly, water quality sample result values were evaluated 
using South Dakota’s daily maximum water quality criteria for the beneficial use of the sampled 
waterbody to determine its support status. 
 
Watershed loads were calculated from discharge measurements and sample concentrations of 
sediment and nutrients. FLUX, a sediment and parameter transport model developed by the 
Army Corps of Engineers (United States Army Corps of Engineers, 1999) was used to estimate 
loads of sampled parameters. These estimates were then used to determine nutrient balances in 
Angostura Reservoir. SSTEMP was used to model temperatures of a segment of Beaver Creek 
using temperature data collected at two stream sites. 
 
Objective 2. Biological Sampling 

Biological communities were characterized within the watershed. This data was used to develop 
biological indices to supplement assessment of water quality characteristics of the Upper 
Cheyenne in order to help determine if the beneficial uses of the waterbody were being met. All 
biological community sampling and habitat characterizations were completed using methods 
described in Standard Operating Procedures for Field Samplers Volume II – Biological and 
Habitat Sampling (SD DENR, 2003b). No reference site for biological sampling was developed, 
as personnel were unable to locate an accessible site with no human influence. 
 
TASK 4. Stream Benthic Macroinvertebrates Sampling 
Benthic macroinvertebrate and periphyton samples were collected monthly at six different 
sampling sites during the spring and summer of 2004. The six sites sampled were BC-1, CA-1, 
CR-1, CR-2, CR-3, and CR-4. One sample was taken at each remaining stream site in 
conjunction with habitat assessment in August 2004. Samples were analyzed by EcoAnalysts in 
Moscow, Idaho for taxonomic identification to the lowest level practical. 
 
TASK 5. Stream Periphyton Sampling 
Periphyton samples were collected monthly at CR-1, CR-2, CR-3, CR-4, BC-1 and CA-1 during 
the spring and summer of 2004. One periphyton sample was taken at each remaining stream site 
in conjunction with habitat assessment. Natural substrates were sampled, where possible, for 
both community composition and estimates of algal biomass. Ash-free dry-weight samples were 
analyzed by the Bureau of Reclamation lab in Bismarck, ND, and chlorophyll-a samples were 
analyzed by SD Department of Environment and Natural Resources Floyd L. Mathews 
Environmental Education and Training Center Laboratory in Pierre, SD. 
 
TASK 6. Stream Habitat Assessment 
Stream habitats were assessed at all study sites except AR-6 (the irrigation canal) and BC-3 
during July and August 2004. These assessments occurred in conjunction with biological 
sampling. BC-3 was assessed in August 2005. HC-1, HC-2, PS-1, and RC-1 were dry when 
habitat assessment took place. 
 
A stream habitat condition index is being developed by SD DENR to quantify overall stream 
habitat condition. 
 
TASK 7. Stream Fecal Coliform Sampling 
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Fecal coliform samples were taken at all sites on a monthly and event-based basis and analyzed 
for presence of E. coli and fecal coliform bacteria. Fecal samples were analyzed by the South 
Dakota State Health Lab in Pierre, SD. 
 
Objective 3. Lake Assessment 

Water quality and habitat condition of Angostura Reservoir was assessed. This information was 
used to determine support status for the assigned beneficial uses of Angostura Reservoir, 
estimate nutrient and sediment loading, and examine productivity levels (i.e. trophic state) in the 
reservoir. 
 
TASK 8. Lake Water Quality Assessment 
Water quality parameters were sampled at five locations on Angostura Reservoir. Samples were 
collected from surface and bottom depths once per month for a period of two years (excluding 
periods with unsafe ice cover and when high winds made sampling dangerous). During June, 
July, and August, samples were collected twice per month. 
 
Ambient nutrient concentrations and trophic state were assessed. Water column dissolved 
oxygen, specific conductivity, pH, turbidity, and temperature profiles were collected at each site 
each time samples were collected. 
 
The Bureau of Reclamation Labs in Bismarck, ND and Boise, ID performed the water quality 
analysis on the water samples. Phytoplankton and chlorophyll samples were analyzed by the SD 
DENR Floyd L. Mathews Environmental Education and Training Center Laboratory in Pierre, 
SD. Table 6 lists biological, physical and chemical parameters analyzed during Angostura 
Reservoir sampling. 
 
Table 6. Parameters measured at reservoir sampling sites. 

Biological Parameters Physical Parameters Chemical Parameters 
Fecal coliform bacteria Water temperature Alkalinity 

E. coli bacteria Air temperature Ammonia as N 
Phytoplankton communities Dissolved oxygen Nitrate + Nitrite as N 

Chlorophyll a (phytoplankton) Field pH Nitrogen, Total Kjeldahl (TKN) 
Ash-free dry mass (phytoplankton) Specific conductance Total dissolved phosphorus 

Submerged macrophytes Turbidity Total phosphorus 
 Secchi depth Total solids 
 Water Depth Total dissolved solids* 
 Visual observations Total suspended solids 
  Total volatile suspended solids 
  Total organic carbon 
  Calcium 
  Magnesium 
  Sodium 
  Potassium 
  Chloride 
  Sulfate 
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Biological Parameters Physical Parameters Chemical Parameters 
  Hardness** 
  Sodium Adsorption Ratio** 
  Trace elements (analyzed quarterly)* 

* Dissolved trace elements (arsenic, aluminum, antimony, barium, beryllium, boron, cadmium, cobalt, chromium, copper, iron, 
lead, lithium, manganese, molybdenum, nickel, selenium, silver, sulfur, thallium, vanadium, and zinc) were analyzed quarterly by 
the Bureau of Reclamation lab in Bismarck. The BOR lab in Boise did not have trace metal analysis capabilities; trace metal 
sampling was discontinued in December 2004 when analysis was transferred to the Boise lab. 
** Calculated value. 
 
 
TASK 9. Lake Macrophyte Survey 
A macrophyte and shoreline survey of Angostura Reservoir was performed in August of 2004.  
Macrophytes were sampled from the reservoir with a plant grapple/rake. Macrophyte density and 
species composition were recorded. 
 
Objective 4. Quality Assurance/Quality Control 

TASK 10. Quality Assurance/Quality Control 
A minimum of ten percent of all water quality samples collected were QA/QC samples. These 
samples consisted of field blanks, replicates and split samples. Approved QA/QC procedures 
were followed in the course of all sampling and field data collection. The collection of all 
QA/QC samples was accomplished in accordance with the WRAP SOP (SD DENR, 2003a and 
SD DENR, 2003b) and in accordance with the Nonpoint Source Program Quality Assurance 
Project Plan (SD DENR, 1998). The activities involved with QA/QC monitoring are compiled 
and reported in the QA/QC section of this report. 
 
Objective 5. Landuse Modeling 

Potential impacts of agricultural land uses on water quality within the Upper Cheyenne River 
watershed will be evaluated using a landuse simulation computer model. 
 
TASK 11. Landuse data collection 
Information was gathered to define the physical characteristics of the watershed (topography, 
soil type, geology, hydrology, and landuse). Landuse information was collected using 
LANDSAT satellite imagery. 
 
Originally, the AnnAGNPS model was planned to be used to identify and prioritize critical areas 
of non-point source pollution within the study watershed and to estimate soil and nutrient loss 
and delivery from these critical areas. Difficulty in applying the model to such a large watershed 
prevented landuse modeling by project coordinators. SD DENR has agreed to take responsibility 
of landuse modeling of the watershed, perhaps employing a different model or contracting out 
the work to private specialists. 
    
Objective 6. Public Participation and Involvement 

Public participation and involvement was provided for and encouraged. 
 
TASK 12. Public Meetings 
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Informational meetings were held for the steering committee, private organizations, conservation 
groups and the public to inform the involved parties on the progress of the study. Notification of 
public meetings was advertised via local agencies and newspapers. A simple public web page 
was created and can be viewed at http://www.sdconservation.org/local/projects.html. 
 
TASK 13. Media Releases 
Periodic news stories appeared in local newspapers. These stories usually coincided with public 
meetings. 
 
TASK 14. Progress Reports 
Progress reports were submitted biannually to SD DENR. These reports formed a basis for 
information conveyed at public meetings. 
 
Objective 7. Develop Final Report and TMDL Summary 

TASK 15. Data Documentation 
Discharge measurements, water quality data, and methods used to calculate hydrologic budgets 
and pollutant loadings are documented herein. Using the results of the landuse modeling, 
hydrologic and water quality budgets, and biological information, areas in the watershed that 
would require management practices were identified. 
 
TASK 16. Summarize Historic Data and Landuse Information 
A summary of historical water quality and landuse information is contained in this report. 
Historic data was included in analysis when it was available, and compared to project data to 
determine any possible trends when comparison was justifiable. When such comparisons are 
made, it must be remembered that the watershed was in drought conditions during this study, and 
any inferences made from such comparisons must be framed in this light. 
 
TASK 17. TMDL and Restoration Recommendations 
TMDL summaries will be developed for Angostura Reservoir and the listed segments of the 
Upper Cheyenne River and tributaries. Feasible restoration recommendations were included in 
this report for use in planning a watershed nonpoint-source implementation project. 
 
TASK 18. Final Report  
This final report outlines and describes the physical, chemical and biological condition of the 
Upper Cheyenne River watershed and Angostura Reservoir. 
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SECTION 3. DEFINITIONS AND SIGNIFICANCE OF ANALYSES PERFORMED 

Water Temperature 

Environmental variables in aquatic systems are extremely interconnected. Water temperature is 
an influential variable in biological, chemical, and physical processes. Temperature can influence 
metabolic rates of aquatic organisms, toxicity of pollutants, and levels of dissolved oxygen. The 
greatest source of heat in freshwater is usually solar radiation, especially in waterbodies that are 
directly exposed to sunlight (Hauer and Lamberti, 1996). Temperature of waterbodies with high 
surface-area-to-volume ratio is usually regulated by air temperature. Elevated water temperatures 
are common in Midwestern streams with little canopy cover. 
 
Dissolved Oxygen 

Dissolved oxygen (DO) levels greatly affect aquatic life, since metabolic functions of all aerobic 
aquatic organisms require dissolved oxygen. DO is made available by photosynthetic inputs from 
algae and aquatic plants and from the atmosphere. Conversely, microbial degradation of algae 
and aquatic plants consumes oxygen. In eutrophic lakes, a high rate of production and 
subsequent decomposition of organic matter can result in low or no oxygen in the hypolimnion 
(Monson, 2000). DO levels are also dependant upon temperature, and changes in water 
temperature can drive DO dynamics in a stream or lake. Cold water has a higher DO saturation 
point than warm water, thus coldwater species usually require higher DO level than warmwater 
species for survival. 
 
Acidification and Alkalinity 

The primary measurements of acidification are alkalinity and pH. The pH scale ranges from 0 to 
14, with 7 being neutral. Water with pH < 7 is considered acidic, while water with pH > 7 is 
considered basic. The pH of water is a measure of the activity of H+ ion. Natural waters exhibit 
wide variations in acidity and alkalinity. The pH of natural waters ranges between the extremes 
of 2 and 12 (Wetzel, 2001), yet most forms of aquatic life require an environment with a pH of 
6.5 to 9.0. 
 
Alkalinity is a term that refers to the buffering ability of the carbonate system in water. The term 
is also used interchangeably with ‘acid neutralizing capacity’ (ANC), which is the waters 
capacity to neutralize strong inorganic acids (Wetzel, 2001). Alkalinity is a product of geological 
setting.  Soils rich in carbonate rock, such as limestone, provide a source of high alkalinity 
(Monson, 2000). In general, higher alkalinity inhibits, or buffers, drastic pH changes. Alkalinity 
typically ranges from 20 to 200 mg/L in natural environments (Lind, 1985). 
 
Solids 

“Solids” is a general term that refers to suspended or dissolved materials that are present in the 
waterbody. Four solids parameters were examined in this assessment: total solids, total 
suspended solids, total dissolved solids, and total volatile suspended solids. Total solids include 
the sum of dissolved and suspended solids. Dissolved solids are those materials small enough to 
pass through a 2.0 µm filter, such as ions. Suspended solids consist of larger materials that do not 
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pass through the filter; this material is also referred to as the residue. In streams, a high fraction 
of suspended solids is usually inorganic clays, silts and/or sands, while the bulk of suspended 
solids in impoundments may be related to algal production. Total suspended volatile solids are 
determined by combustion of the filtered residue, and represent the organic (carbonaceous) 
fraction of the suspended solids. 
 
Nitrogen 

Nitrogen is a nutrient required by metabolic processes of nearly all living organisms. Sources of 
nitrogen in water may include atmospheric deposition, precipitation, vegetative decay, algae 
growth and decay, agricultural fertilizer application, sewage inputs, and animal waste. Three 
types of nitrogen were assessed in samples: nitrate/nitrite (NO2 + NO3), ammonia (NH3), and 
total Kjeldahl nitrogen (TKN). With these three parameters, relative concentrations of organic 
and inorganic nitrogen can be determined, as well as total nitrogen concentrations. Total nitrogen 
can be calculated by adding TKN and nitrate/nitrite concentrations.  
 
TKN is a measure of organic nitrogen plus ammonia. Therefore, organic nitrogen can be 
calculated by subtracting ammonia from TKN. Ammonia is the nitrogen end-product of bacterial 
decomposition of organic matter. This form of nitrogen is most readily available to algae and 
aquatic plants for uptake and growth. Sources of ammonia may include animal wastes, decayed 
organic matter, or bacterial conversion of other nitrogen compounds. Ammonia is present in 
water primarily in two forms: NH4

+ (ionized form) and NH4OH (un-ionized form). The un-
ionized form is highly toxic to many organisms, especially fish (Wetzel, 2001). 
 
Nitrate is usually present in low concentrations in natural waters, yet it is often the most 
abundant inorganic form of nitrogen. Natural concentrations rarely exceed 10 mg/L and are 
normally less than 1 mg/L (Lind, 1985). 
 
Phosphorous 

Phosphorus is present in all aquatic systems. It is a nutrient that is often the limiting factor in 
trophic productivity. Increased concentration of this nutrient presents an increased eutrophication 
(primary production) risk. Phosphorus cycles through different states in the aquatic environment, 
and its concentration in any one state depends on the degree of biological assimilation and 
decomposition occurring in that system. Total phosphorus concentrations of non-polluted waters 
are usually less than 0.01 mg/L (Lind, 1985). The predominant inorganic form of phosphorus in 
lake systems is orthophosphate. Concentrations of orthophosphate were measured as total 
dissolved phosphorus (TDP) in this study. TDP is the portion of total phosphorus that is readily 
available for plant utilization. Natural sources of phosphorus include the leaching of phosphate-
bearing rocks and organic matter decomposition. Other potential sources of phosphorus include 
agricultural fertilizers and domestic sewage. 
 
Dissolved Solids, Specific Conductivity and Sodium Adsorption Ratio 

Total dissolved solids (TDS), specific conductivity (SC), and sodium adsorption ratio (SAR) are 
all a form of measurement of ions in a water sample. The ions are primarily calcium, 
magnesium, sodium, and potassium, and compounds of bicarbonates, carbonates, sulfates, and 
chlorides (Wetzel, 1975). TDS measures the concentration of ions in a water sample, usually 
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expressed in milligrams per liter. SC measures the electrical conductance of the water sample, 
which is directly related to the concentration of the same ions that TDS measures. SAR is a 
calculated value based on the activities of the sodium, calcium, and magnesium ions and is a 
measure of the suitability of the water for irrigation. Equation 2 shows the SAR calculation, 
where [Na] is the activity of the sodium ion, [Ca] is the activity of the calcium ion, and [Mg] is 
the activity of the magnesium ion. As a result of the format of the SAR equation, an x-fold 
increase in the concentrations of Na, Ca, and Mg increases the SAR value by the square root of 
x. This means that the SAR value, in general, increases with increased concentrations of these 
ions. 
 

2
][][

][
MgCa

NaSAR
+

=  

Equation 2. Sodium adsorption ratio (SAR) calculation. [Na] is the activity of the sodium ion, [Ca] is the 
activity of the calcium ion, and [Mg] is the activity of the magnesium ion. 

 
High values of TDS, SC, and SAR indicate poor water for human and animal consumption. 
Irrigating with water high in ions, especially sodium, can damage soil and result in low crop 
production. Incidentally, return flows from irrigation often increase the amount of ions in a 
natural waterbody, exacerbating the problem for those downstream. 
 
Fecal Coliform Bacteria 

Fecal coliform bacteria are found in the intestinal tract of all warm-blooded animals.  Although 
these organisms are not disease-causing organisms themselves, their presence indicates fecal 
contamination and a higher probability of infectious, water-borne disease, such as E. coli. Fecal 
bacteria concentrations are often highly variable. Environmental factors (sunlight exposure, 
water temperature, concentration of suspended solids, etc.) can affect concentrations of fecal 
bacteria in a waterbody. The lifespan of fecal bacteria is relatively short compared to the 
associated animal waste, so the absence of fecal bacteria does not necessarily equate to the 
absence of animal waste. 
 
Trophic State Index 

Trophic state is often measured as the amount of algal production in a lake. Determinations of 
trophic state can be made from several different measures including oxygen levels, species 
composition of lake biota, concentrations of nutrients, and various measures of biomass or 
production. An index incorporating several of these parameters is best suited to determine 
trophic state. 
 
Carlson’s Trophic State Index (TSI) includes measures of of Secchi depth, total phosphorus and 
chlorophyll-a (Carlson, 1977). A calculation is made for each of these parameters and the values 
are averaged to get a number between 0 and 100, with each 10-unit increase representing a 
doubling of algal biomass. The index is a common, standard method used to assign a quantitative 
value to a lake in order to rate the lake’s overall water quality, productivity and trophic status. 
South Dakota uses criteria based on Carlson’s Trophic State equations for chlorophyll-a and 
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Secchi depth. Angostura Reservoir lies in Ecoregion 43 (Northwestern Great Plains) and thus 
carries a TSI criterion of 58 based on the median value of chlorophyll-a and Secchi depth 
calculations made with Carlson’s equations for all samples collected between May 15 and 
September 15. 
 
Sulfate 

Sulfur is necessary in protein synthesis in photosynthetic and animal metabolism and is utilized 
by all living organisms. The predominant form of sulfur in natural waterbodies is sulfate (SO4). 
Sources of sulfate include rocks, fertilizers, and atmospheric deposition (Wetzel, 1975). High 
levels of sulfate affect drinking water aesthetics and may cause diarrhea for those who are 
unaccustomed to higher sulfate levels. The EPA recommends a maximum of 250 mg/l of sulfate 
in drinking water. 
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SECTION 4. RESULTS AND DISCUSSION –  STREAM AND LAKE SAMPLING 

For the purpose of reporting sampling results, the upper Cheyenne River watershed was divided 
into sub-watersheds and stream segments. Division of the segments is based on beneficial use 
assignments of waters sampled in this study and location of sampling sites. Subwatersheds and 
stream segments for which analysis was performed are: Beaver Creek, Cottonwood Creek, Hat 
Creek, Cascade Creek, Horsehead Creek, Cheyenne River (divided into 5 segments), and 
Angostura Reservoir. Trace metals samples were analyzed separately (reported below) and are 
not included in report sections for subwatersheds. 
 
Trace Metals 

Dissolved metals were sampled monthly at tributary sites from September 2003 to April 2004 
and four times at each Angostura Reservoir site (two surface samples and two bottom samples). 
Appendix A lists all tributary metals data and Appendix B lists Angostura Reservoir metals data. 
When metals detections were below the MDL, concentrations were reported at half the MDL 
value. Metals that were not detected in any samples above MDL were dissolved beryllium, 
cadmium, cobalt, silver, and vanadium. Of the trace metals samples collected in this study, South 
Dakota sets standards for antimony, arsenic, chromium, copper, lead, nickel, selenium, thallium, 
and zinc (ARSD 74:51:01). 
 
This section gives statistical summaries for all metals sampled that were found at concentrations 
above the MDL in at least one sample. Statistics are calculated by using one-half of the MDL 
value for those samples that were not detected above MDL. Because the number of samples for 
metals is low, little information is available to make robust predictions of the average or 
variability of concentrations in the Cheyenne River, tributaries, and Angostura Reservoir. 
 
Statistical summaries for dissolved aluminum samples are shown in Table 7. The MDL for 
dissolved aluminum was 25 µg/l. Dissolved aluminum was not detected in concentrations above 
MDL at CR-4 or AR-3. South Dakota sets no standards for dissolved aluminum.  
 
Table 7. Summary statistics for dissolved aluminum samples. 

Dissolved Aluminum (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 244 248 174 12.5 441 
CA-1 7 14.4 12.5 4.95 12.5 25.6 
CC-1 7 73.9 75.1 55.0 12.5 180 
CR-1 5 163 71.8 242 12.5 590 
CR-2 5 149 109 132 12.5 352 
CR-3 7 21.3 12.5 23.3 12.5 74.2 
CR-4 7 12.5 12.5 0 12.5 12.5 
HC-1 2 664 664 795 102 1226 
HC-2 4 262 228 181 104 488 
HH-1 6 98.5 83.0 67.5 12.5 187 
AR-1 4 27.1 12.5 29.3 12.5 71 
AR-2 3 31.6 36.2 17.3 12.5 46.2 
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Dissolved Aluminum (µg/L) n Mean Median Standard Deviation Min Max 
AR-3 4 12.5 12.5 0 12.5 12.5 
AR-4 4 40.0 37.8 31.9 12.5 71.8 
AR-5 4 54.8 42.6 52.7 12.5 121 

 
Statistical summaries for dissolved antimony samples are shown in Table 8. The MDL for 
dissolved antimony was 25 µg/l. Dissolved antimony was not detected in concentrations above 
MDL at CA-1, CR-1, CR-3, HC-1, HC-2, HH-1, AR-2, AR-4, or AR-5. The South Dakota 
standard for antimony in drinking water is 5.6 µg/l. Two samples collected in Angostura 
Reservoir (one each at AR-1 and AR-3) exceeded the drinking water standard. No samples 
exceeded the fish consumption standard of 640 µg/l. 
 
Table 8. Summary statistics for dissolved antimony samples. 

Dissolved Antimony (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 18.5 12.5 14.6 12.5 48.4 
CA-1 7 12.5 12.5 0 12.5 12.5 
CC-1 7 15.4 12.5 7.65 12.5 32.8 
CR-1 5 12.5 12.5 0 12.5 12.5 
CR-2 5 15.3 12.5 6.31 12.5 26.6 
CR-3 7 12.5 12.5 0 12.5 12.5 
CR-4 7 17.3 12.5 8.15 12.5 29.8 
HC-1 2 12.5 12.5 0 12.5 12.5 
HC-2 4 12.5 12.5 0 12.5 12.5 
HH-1 6 12.5 12.5 0 12.5 12.5 
AR-1 4 16.4 12.5 7.73 12.5 28.0 
AR-2 3 12.5 12.5 0 12.5 12.5 
AR-3 4 16.4 12.5 7.71 12.5 27.9 
AR-4 4 12.5 12.5 0 12.5 12.5 
AR-5 4 12.5 12.5 0 12.5 12.5 

 
Statistical summaries for dissolved arsenic samples are shown in Table 9. The MDL for 
dissolved arsenic was 2.0 µg/l. Dissolved arsenic was detected in concentrations above MDL at 
all stream sites, but not at Angostura Reservoir sites. The South Dakota standard for arsenic in 
drinking water is 0.018 µg/l; only Angostura Reservoir has the domestic water supply use that 
this standard protects, and although no samples had detections of dissolved arsenic, the standard 
is below the laboratory MDL for arsenic used in this study. The standard for fish consumption is 
0.14 µg/l, which is also below the MDL used in this study. All sites on the Cheyenne River and 
tributaries had detections above the fish consumption standard. No samples exceeded the aquatic 
life value State standard for acute or chronic exposure to aquatic organisms. 
 
Table 9. Summary statistics for dissolved arsenic samples. 

Dissolved Arsenic (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 1.28 1.0 0.69 1.0 2.7 
CA-1 7 1.17 1.0 0.45 1.0 2.2 
CC-1 7 3.70 4.23 1.39 1.0 5.2 
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Dissolved Arsenic (µg/L) n Mean Median Standard Deviation Min Max 
CR-1 5 1.96 2.00 1.01 1.0 3.4 
CR-2 5 1.44 1.0 0.98 1.0 3.2 
CR-3 7 1.31 1.0 0.54 1.0 2.2 
CR-4 7 1.31 1.0 0.54 1.0 2.2 
HC-1 2 4.47 4.47 0.47 4.13 4.8 
HC-2 4 3.20 3.90 1.47 1.0 4.0 
HH-1 6 1.80 1.75 0.88 1.0 2.7 
AR-1 4 1.0 1.0 0.0 1.0 1.0 
AR-2 3 1.0 1.0 0.0 1.0 1.0 
AR-3 4 1.0 1.0 0.0 1.0 1.0 
AR-4 4 1.0 1.0 0.0 1.0 1.0 
AR-5 4 1.0 1.0 0.0 1.0 1.0 

 
Statistical summaries for dissolved barium samples are shown in Table 10. The MDL for 
dissolved barium was 25 µg/l. South Dakota sets no standard for dissolved barium in surface 
waters. 
 
Table 10. Summary statistics for dissolved barium samples. 

Dissolved Barium (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 30.3 31.2 11.0 12.5 44.5 
CA-1 7 14.4 12.5 5.08 12.5 25.9 
CC-1 7 48.3 50.3 9.58 28.5 59.6 
CR-1 5 36.2 31.3 8.42 28.8 47.9 
CR-2 5 38.9 39.3 11.0 27.5 56.0 
CR-3 7 14.3 12.5 4.83 12.5 25.3 
CR-4 7 27.7 27.8 7.69 12.5 35.3 
HC-1 2 128 128 28.0 108 148 
HC-2 4 48.3 47.5 3.82 44.8 53.4 
HH-1 6 34.4 35.1 14.2 12.5 52.2 
AR-1 4 41.4 43.6 5.45 33.3 45.1 
AR-2 3 41.1 45.1 7.50 32.4 45.8 
AR-3 4 37.5 37.7 4.90 32.4 42.2 
AR-4 4 37.5 37.7 4.90 32.4 42.2 
AR-5 4 37.5 37.7 5.37 32.4 42.2 

 
Statistical summaries for dissolved boron samples are shown in Table 11. All dissolved boron 
sample concentrations were above the MDL of 25 µg/l. South Dakota sets no standard for 
dissolved boron in surface waters. 
 
Table 11. Summary statistics for dissolved boron samples. 

Dissolved Boron (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 261 251 94.0 171 421 
CA-1 7 151 158 23.1 113 173 
CC-1 7 656 646 53.3 603 746 



Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 27 
 

Dissolved Boron (µg/L) n Mean Median Standard Deviation Min Max 
CR-1 5 289 302 65.7 216 378 
CR-2 5 317 355 80.7 188 385 
CR-3 7 196 192 33.8 149 233 
CR-4 7 157 165 26.9 107 185 
HC-1 2 155 155 152 47.0 263 
HC-2 4 395 383 114 283 529 
HH-1 6 439 431 42.0 396 497 
AR-1 4 238 235 7.32 233 249 
AR-2 3 234 233 6.08 228 240 
AR-3 4 251 252 8.13 242 259 
AR-4 4 241 243 17.2 222 257 
AR-5 4 251 250 16.9 236 268 

 
Statistical summaries for dissolved chromium samples are shown in Table 12. The MDL for 
dissolved chromium was 10 µg/l. Dissolved chromium was not detected in concentrations above 
MDL at CA-1, HC-1, HC-2, HH-1, AR-2, AR-3, AR-4, or AR-5. No chromium samples were 
found to be above the aquatic life standard. 
 
Table 12. Summary statistics for dissolved chromium samples. 

Dissolved Chromium (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 6.3 5 3.20 5 12.9 
CA-1 7 5.0 5 0.00 5 5 
CC-1 7 6.0 5 2.52 5 11.7 
CR-1 5 6.5 5 3.44 5 12.7 
CR-2 5 6.0 5 2.34 5 10.2 
CR-3 7 7.4 5 4.28 5 15.2 
CR-4 7 9.1 5 7.34 5 23.2 
HC-1 2 5.0 5 0.00 5 5 
HC-2 4 5.0 5 0.00 5 5 
HH-1 6 5.0 5 0.00 5 5 
AR-1 4 6.5 5 3.09 5 11.2 
AR-2 3 5.0 5 0.00 5 5 
AR-3 4 5.0 5 0.00 5 5 
AR-4 4 5.0 5 0.00 5 5 
AR-5 4 5.0 5 0.00 5 5 

 
Statistical summaries for dissolved copper samples are shown in Table 13. The MDL for 
dissolved copper was 10 µg/l. Dissolved copper was not detected in concentrations above MDL 
at CR-4, HC-2, HH-1, AR-2, AR-4, or AR-5. South Dakota sets a hardness-dependant standard 
for aquatic life value. No dissolved copper samples were above the aquatic life standard or the 
drinking water standard of 1300 µg/l. 
 
Table 13. Summary statistics for dissolved copper samples. 

Dissolved Copper (µg/L) n Mean Median Standard Deviation Min Max 
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Dissolved Copper (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 6.65 5 4.03 5 14.9 
CA-1 7 6.18 5 3.13 5 13.3 
CC-1 7 6.03 5 2.73 5 12.2 
CR-1 5 9.36 10.5 4.42 5 15.4 
CR-2 5 6.98 5 4.42 5 14.9 
CR-3 7 6.64 5 4.34 5 16.5 
CR-4 7 5.00 5 0.00 5 5.0 
HC-1 2 9.94 9.94 6.99 5 14.9 
HC-2 4 5.00 5 0.00 5 5.0 
HH-1 6 5.00 5 0.00 5 5.0 
AR-1 4 6.44 5 2.88 5 10.8 
AR-2 3 5.00 5 0.00 5 5.0 
AR-3 4 8.89 7.75 4.87 5 15.1 
AR-4 4 5.00 5 0.00 5 5.0 
AR-5 4 5.00 5 0.00 5 5.0 

 
Statistical summaries for dissolved iron samples are shown in Table 14. The MDL for dissolved 
iron was 25 µg/l. South Dakota sets no standard for dissolved iron in surface waters. 
 
Table 14. Summary statistics for dissolved iron samples. 

Dissolved Iron (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 294 243 267 12.5 677 
CA-1 7 35.3 37.0 18.7 12.5 65.0 
CC-1 7 243 264 109 12.5 354 
CR-1 5 177 179 115 12.5 334 
CR-2 5 226 114 229 12.5 538 
CR-3 7 58.4 62.0 36.7 12.5 124 
CR-4 7 91.8 99.0 36.8 12.5 127 
HC-1 2 1519 1519 2131 12.5 3026 
HC-2 4 511 402 331 257 983 
HH-1 6 402 491 202 12.5 540 
AR-1 4 36.8 34.8 28.2 12.5 65.0 
AR-2 3 46.8 57.0 30.5 12.5 71.0 
AR-3 4 33.3 31.8 24.1 12.5 57.0 
AR-4 4 51.0 49.3 44.5 12.5 93.0 
AR-5 4 54.0 50.3 48.3 12.5 103 

 
Statistical summaries for dissolved lead samples are shown in Table 15. The MDL for dissolved 
lead was 5 µg/l for samples collected in November 2003 and April 2004; the MDL was 2 µg/l for 
samples collected in September, October, and December 2003, and January and February 2004. 
Dissolved lead was not detected in concentrations above MDL at AR-1, AR-2, or AR-4. South 
Dakota sets hardness dependant lead standards for aquatic life acute and chronic exposure; no 
standard is set for drinking water or fish consumption. No sample exceeded the acute freshwater 
aquatic life value. Four samples exceeded the chronic freshwater aquatic life value concentration 
for lead, although it is unknown whether the waters are in violation of State standards. (For a 
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waterbody to be in violation of chronic criteria, the geometric mean of 3 consecutive samples 
taken during separate weeks over a 30-day period must exceed the criterion value; no such 
sampling scheme was implemented). One was collected at CR-4 on 11-18-03, one was collected 
at HC-1 on 11-20-03, one was collected at CC-1 on 2-9-04, and one was collected at HC-2 on 2-
10-04. 
 
Table 15. Summary statistics for dissolved lead samples. 

Dissolved Lead (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 6.53 5.65 5.07 1.00 14.3 
CA-1 7 8.36 4.30 8.97 1.00 22.4 
CC-1 7 9.96 7.80 8.95 2.50 29.2 
CR-1 4 6.05 5.45 4.35 2.30 11.0 
CR-2 4 7.20 6.55 5.66 2.30 13.4 
CR-3 7 8.62 5.55 9.57 1.00 28.8 
CR-4 7 14.2 4.90 21.2 1.00 59.9 
HC-1 2 4.85 4.85 3.32 2.50 7.20 
HC-2 4 19.8 7.30 26.4 5.20 59.3 
HH-1 6 3.45 2.50 3.19 1.00 9.50 
AR-1 4 2.50 2.50 0.00 2.50 2.50 
AR-2 3 2.50 2.50 0.00 2.50 2.50 
AR-3 4 5.03 2.50 5.05 2.50 12.6 
AR-4 4 2.50 2.50 0.00 2.50 2.50 
AR-5 4 3.33 2.50 1.65 2.50 5.80 

 
Statistical summaries for dissolved lithium samples are shown in Table 16. All dissolved lithium 
sample concentrations were above the MDL of 25 µg/l. South Dakota sets no standard for 
dissolved lithium in surface waters. 
 
Table 16. Summary statistics for dissolved lithium samples. 

Dissolved Lithium (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 124 104 66.6 67.0 243 
CA-1 7 78.7 78.0 8.35 71.0 96.4 
CC-1 7 480 460 53.4 432 559 
CR-1 5 174 179 35.1 138 217 
CR-2 5 156 168 49.5 86.0 206 
CR-3 7 114 101 32.1 84.0 179 
CR-4 7 102 101 16.8 87.0 137 
HC-1 2 86.8 86.8 64.0 41.5 132 
HC-2 4 324 279 174 180 560 
HH-1 6 184 167 31.1 163 239 
AR-1 4 144 146 25.1 119 166 
AR-2 3 150 164 26.4 120 166 
AR-3 4 134 134 20.7 115 153 
AR-4 4 137 136 22.9 117 159 
AR-5 4 138 136 20.6 120 158 
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Statistical summaries for dissolved manganese samples are shown in Table 17. The MDL for 
dissolved manganese was 25 µg/l. Dissolved manganese was detected in concentrations above 
MDL at all sites except CA-1, AR-1, and AR-2. South Dakota sets no standard for dissolved 
manganese in surface waters. 
 
Table 17. Summary statistics for dissolved manganese samples. 

Dissolved Manganese (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 174 89.4 228 44.5 637 
CA-1 7 12.5 12.5 0.00 12.5 12.5 
CC-1 7 170 179 27.0 130 211 
CR-1 5 475 529 140 288 599 
CR-2 5 220 243 72.4 120 308 
CR-3 7 28.6 30.3 13.7 12.5 52.8 
CR-4 7 118 116 37.0 68.6 164 
HC-1 2 114 114 61.4 70.6 157 
HC-2 4 128 134 44.5 75.8 169 
HH-1 6 395 383 220 140 707 
AR-1 4 12.5 12.5 0.0 12.5 12.5 
AR-2 3 12.5 12.5 0.0 12.5 12.5 
AR-3 4 35.8 35.4 19.6 12.5 59.9 
AR-4 4 23.1 23.1 12.2 12.5 33.7 
AR-5 4 22.4 21.6 11.4 12.5 33.7 

 
Statistical summaries for dissolved molybdenum samples are shown in Table 18. The MDL for 
dissolved molybdenum was 10 µg/l. Dissolved molybdenum was not detected in concentrations 
above MDL at CR-1, HC-1, HH-1, AR-1, AR-2, or AR-3. South Dakota sets no standard for 
dissolved molybdenum in surface waters. 
 
Table 18. Summary statistics for dissolved molybdenum samples. 

Dissolved Molybdenum (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 12.9 13.6 4.63 5.0 17.4 
CA-1 7 16.3 17.3 1.91 13.7 18.6 
CC-1 7 6.01 5.0 2.67 5.0 12.1 
CR-1 5 5.00 5.0 0.0 5.0 5.0 
CR-2 5 9.50 10.4 4.64 5.0 16.0 
CR-3 7 11.2 13.3 4.41 5.0 14.9 
CR-4 7 9.88 10.7 3.60 5.0 14.1 
HC-1 2 5.00 5.0 0.0 5.0 5.0 
HC-2 4 6.65 5.0 3.30 5.0 11.6 
HH-1 6 5.00 5.0 0.0 5.0 5.0 
AR-1 4 5.00 5.0 0.0 5.0 5.0 
AR-2 3 5.00 5.0 0.0 5.0 5.0 
AR-3 4 5.00 5.0 0.0 5.0 5.0 
AR-4 4 6.27 5.0 2.54 5.0 10.1 
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Dissolved Molybdenum (µg/L) n Mean Median Standard Deviation Min Max 
AR-5 4 6.89 5.0 3.79 5.0 12.6 

 
Statistical summaries for dissolved nickel samples are shown in Table 19. The MDL for 
dissolved nickel was 25 µg/l. Dissolved nickel was not detected in concentrations above MDL at 
any sites except CC-1, CR-2, HC-1, and HC-2. South Dakota sets drinking water standards for 
dissolved nickel (610 µg/l) and fish consumption standards (4600 µg/l). No samples exceeded 
these standards. The State sets hardness-dependant acute and chronic aquatic life value 
concentrations for dissolved nickel. No samples exceeded these standards. 
 
Table 19. Summary statistics for dissolved nickel samples. 

Dissolved Nickel (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 12.5 12.5 0.0 12.5 12.5 
CA-1 7 12.5 12.5 0.0 12.5 12.5 
CC-1 7 14.8 12.5 6.20 12.5 28.9 
CR-1 5 12.5 12.5 0.0 12.5 12.5 
CR-2 5 15.9 12.5 7.66 12.5 29.6 
CR-3 7 12.5 12.5 0.0 12.5 12.5 
CR-4 7 12.5 12.5 0.0 12.5 12.5 
HC-1 2 26.3 26.3 19.4 12.5 40.0 
HC-2 4 16.1 12.5 7.13 12.5 26.8 
HH-1 6 12.5 12.5 0.0 12.5 12.5 
AR-1 4 12.5 12.5 0.0 12.5 12.5 
AR-2 3 12.5 12.5 0.0 12.5 12.5 
AR-3 4 12.5 12.5 0.0 12.5 12.5 
AR-4 4 12.5 12.5 0.0 12.5 12.5 
AR-5 4 12.5 12.5 0.0 12.5 12.5 

 
Statistical summaries for dissolved selenium samples are shown in Table 20. The MDL for 
dissolved selenium was 1 µg/l. Dissolved selenium was detected in concentrations above MDL 
at all sites except HC-1 and AR-3. South Dakota sets drinking water standards for dissolved 
selenium (170 µg/l) and fish consumption (4200 µg/l). No samples exceeded these standards. 
The State sets acute aquatic life value standards for dissolved selenium; the standard is based on 
fractions of total selenium that are treated as selenite and selenate. Analysis of selenium did not 
include analysis of selenite and selenate. The State chronic aquatic life value standard for 
dissolved selenium is 4.6 µg/l. Nineteen samples were above the chronic criterion, although a 
sampling scheme to determine if the waterbody violated state chronic criterion was not 
implemented. (For a waterbody to be in violation of chronic criteria, the geometric mean of 3 
consecutive samples taken during separate weeks over a 30-day period must exceed the criterion 
value). 
 
Table 20. Summary statistics for dissolved selenium samples. 

Dissolved Selenium (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 4.27 2.20 4.71 0.5 11.8 
CA-1 7 3.69 3.90 2.46 0.5 6.40 
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Dissolved Selenium (µg/L) n Mean Median Standard Deviation Min Max 
CC-1 7 4.85 3.80 3.02 1.08 9.00 
CR-1 5 3.44 3.50 3.33 0.5 8.60 
CR-2 5 3.82 3.20 3.64 0.5 9.90 
CR-3 7 3.60 3.10 3.33 0.5 9.70 
CR-4 7 7.19 6.70 3.93 1.54 13.5 
HC-1 2 0.50 0.50 0.00 0.5 0.50 
HC-2 4 5.97 3.35 6.53 1.56 15.6 
HH-1 6 2.90 2.70 2.26 0.5 6.50 
AR-1 4 0.73 0.50 0.45 0.5 1.41 
AR-2 3 0.67 0.50 0.29 0.5 1.00 
AR-3 4 0.50 0.50 0.00 0.5 0.50 
AR-4 4 1.08 0.50 1.15 0.5 2.80 
AR-5 4 1.10 0.80 0.85 0.5 2.30 

 
Statistical summaries for dissolved silicon samples are shown in Table 21. One dissolved 
silicone sample collected at Beaver Creek was below the MDL of 100 µg/l. South Dakota sets no 
standards for dissolved silicon in surface waters. 
 
Table 21. Summary statistics for dissolved silicon samples. 

Dissolved Silicon (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 2843 2614 2819 50.0 6040 
CA-1 7 8213 8560 1208 6474 9755 
CC-1 7 10054 11200 2256 5397 11800 
CR-1 5 3216 3547 1054 1783 4470 
CR-2 5 2945 2076 1953 1127 5160 
CR-3 7 6566 6757 1452 4368 8798 
CR-4 7 4785 4710 968 3461 6270 
HC-1 2 30735 30735 26707 11850 49620 
HC-2 4 13824 12000 8931 5124 26170 
HH-1 6 3679 3855 1222 1623 4934 
AR-1 4 3987 4052 1024 2971 4874 
AR-2 3 4386 4945 1012 3217 4995 
AR-3 4 3835 3863 878 3010 4604 
AR-4 4 3847 3848 1053 2898 4794 
AR-5 4 3882 3885 1026 2931 4827 

 
Statistical summaries for dissolved sulfur samples are shown in Table 22. All dissolved sulfur 
sample concentrations were above the MDL of 100 µg/l. South Dakota sets no standards for 
dissolved sulfur in surface waters. A large fraction of the sulfur found in samples is likely tied up 
in sulfate. Sulfate samples were collected during each sampling, and results are discussed later in 
this report. 
 
Table 22. Summary statistics for dissolved sulfur samples. 

Dissolved Sulfur (µg/L) n Mean Median Standard Deviation Min Max 
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Dissolved Sulfur (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 581000 564350 66303 512000 671000 
CA-1 7 489157 501000 58233 409700 575900 
CC-1 7 347871 386000 97848 201500 441000 
CR-1 5 953440 970800 41748 881800 984000 
CR-2 5 708880 690500 108156 585000 860000 
CR-3 7 536043 534000 80988 435500 686100 
CR-4 7 375171 388000 52340 305600 455700 
HC-1 2 125435 125435 152120 17870 233000 
HC-2 4 533950 539500 207503 308700 748100 
HH-1 6 405783 397000 31184 369000 458800 
AR-1 4 480875 482150 48438 435600 523600 
AR-2 3 506333 533000 51472 447000 539000 
AR-3 4 458475 462250 25496 429500 479900 
AR-4 4 445475 444500 49257 401400 491500 
AR-5 4 445875 443300 47792 404600 492300 

 
Statistical summaries for dissolved thallium samples are shown in Table 23. The MDL for 
dissolved thallium was 25 µg/l. Dissolved thallium was detected in concentrations above MDL at 
all sites except HC-1. South Dakota sets standards for dissolved thallium (0.24 µg/l) in drinking 
water, which applies to Angostura Reservoir samples, and for fish consumption (0.47 µg/l). Both 
standards are less than the MDL. Twelve Angostura Reservoir samples exceeded the drinking 
water criterion, ranging from 28.7 to 52.4 µg/l. Eleven samples from Cheyenne River and 
tributary sites exceeded fish consumption standards, ranging from 28.2 to 95 µg/l. 
 
Table 23. Summary statistics for dissolved thallium samples. 

Dissolved Thallium (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 25.5 12.5 31.9 12.5 90.6 
CA-1 7 17.0 12.5 11.8 12.5 43.7 
CC-1 7 21.0 12.5 22.4 12.5 71.8 
CR-1 5 29.0 12.5 36.9 12.5 95.0 
CR-2 5 24.3 12.5 26.3 12.5 71.3 
CR-3 7 23.5 12.5 22.9 12.5 73.7 
CR-4 7 21.7 12.5 16.1 12.5 51.2 
HC-1 2 12.5 12.5 0.0 12.5 12.5 
HC-2 4 23.6 12.5 22.1 12.5 56.8 
HH-1 6 16.7 12.5 10.4 12.5 37.9 
AR-1 4 28.1 27.4 18.0 12.5 45.1 
AR-2 3 20.8 12.5 14.4 12.5 37.4 
AR-3 4 38.6 36.6 11.4 28.7 52.4 
AR-4 4 25.1 22.6 15.2 12.5 42.9 
AR-5 4 34.0 38.1 16.5 12.5 47.2 

 
Statistical summaries for dissolved zinc samples are shown in Table 24. The MDL for dissolved 
zinc was 25 µg/l. Dissolved zinc was not detected in concentrations above MDL at CR-3, CR-4, 
or any Angostura Reservoir sites. South Dakota sets drinking water standards for dissolved zinc 
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(7400 µg/l) and for fish consumption (26,000 µg/l); no samples exceeded this standard. The State 
also sets hardness-based acute and chronic criteria for dissolved zinc. All samples were 
significantly below State standards. 
 
Table 24. Summary statistics for dissolved zinc samples. 

Dissolved Zinc (µg/L) n Mean Median Standard Deviation Min Max 
BC-1 6 19.1 12.5 16.2 12.5 52.3 
CA-1 7 18.6 12.5 10.4 12.5 34.2 
CC-1 7 19.1 12.5 12.7 12.5 45.6 
CR-1 5 18.3 12.5 13.1 12.5 41.7 
CR-2 5 18.4 12.5 13.3 12.5 42.2 
CR-3 7 12.5 12.5 0.0 12.5 12.5 
CR-4 7 12.5 12.5 0.0 12.5 12.5 
HC-1 2 25.7 25.7 18.7 12.5 38.9 
HC-2 4 23.5 22.0 12.9 12.5 37.5 
HH-1 6 18.4 12.5 9.6 12.5 35.1 
AR-1 4 12.5 12.5 0.0 12.5 12.5 
AR-2 3 12.5 12.5 0.0 12.5 12.5 
AR-3 4 12.5 12.5 0.0 12.5 12.5 
AR-4 4 12.5 12.5 0.0 12.5 12.5 
AR-5 4 12.5 12.5 0.0 12.5 12.5 

 
Several trace metals exceeded State standards. Two samples collected at Angostura Reservoir 
exceeded the dissolved antimony standard for drinking water. All sites on the Cheyenne River 
and tributaries had detections of dissolved arsenic above the fish consumption advisory level. 
Four dissolved lead samples exceeded the chronic aquatic life value. Nineteen samples exceeded 
the aquatic life value for dissolved selenium. Twelve Angostura Reservoir samples exceeded the 
drinking water and fish consumption standard for dissolved thallium; eleven samples from the 
Cheyenne River and tributaries exceeded fish consumption standards.  
 
Although several metals samples were found to exceed standards, the low number of samples 
collected prevents detailed and thorough analysis of metals in waters of the Upper Cheyenne 
watershed. It is recommended that more dissolved metals sampling be undertaken at sites with 
standards exceedances. Furthermore, it is recommended that analytical procedures with lower 
detection limits be used for dissoved metals samples. 
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BBEEAAVVEERR  CCRREEEEKK  

Beaver Creek drains the southeastern portion of Weston County in Wyoming before entering 
Custer County in South Dakota and discharging to the Cheyenne River south of Burdock in Fall 
River County. Beaver Creek drains approximately 1670 square miles (1,069,000 acres); 71% of 
the watershed is in Wyoming and 29% is in South Dakota. The riparian corridor of Beaver Creek 
in South Dakota is populated with trees along the first 10-15% of the stream length. Grasses and 
sedges grow to the stream edge along the entire reach. The creek is somewhat incised, allowing 
topography to partially shade the water. 
 
Two Beaver Creek sites were monitored during this study. Site BC-1 was located where 
Argentine Road bridges Beaver Creek west of Burdock in Fall River County (SD DENR WQM 
128). BC-1 is approximately 2 miles upstream of the confluence with the Cheyenne River. This 
site was used to record stage, collect discharge measurements, and collect water-quality samples. 
Site BC-3 was added in April 2005. BC-3 is located at the border of Wyoming and South 
Dakota. This site was used only for collection of temperature and stage data. Figure 4 shows the 
Beaver Creek watershed in Wyoming and South Dakota and the locations of the two Beaver 
Creek sampling sites.  
 

 
Figure 4. Beaver Creek watershed and sampling sites. 
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Beneficial uses assigned to this waterbody are State designated uses 3, 8, 9 and 10. These 
numbers correspond to the uses of coldwater marginal fish life propagation (3), limited contact 
recreation (8), fish and wildlife propagation, recreation and stock watering (9), and irrigation 
(10). According to the 2004 303(d) list, Beaver Creek is impaired due to conductivity, total 
dissolved solids (TDS), total suspended solids (TSS) and temperature (SD DENR, 2004). Beaver 
Creek was not included in the 2002 303(d) list (SD DENR, 2002). The beneficial use of limited 
contact recreation is listed as being in full compliance, while coldwater marginal fish life 
propagation, irrigation, and fish and wildlife propagation, recreation, and livestock watering are 
listed as being noncompliant with water quality standards. As a result of analysis of samples 
collected in this study, the 2006 303(d) list includes Beaver Creek as non-supportive of limited 
contact recreation use (SD DENR, 2006). 
 
Table 25 lists parameters for which water quality criteria are established to protect beneficial 
uses, number of samples collected, the percent of samples exceeding water quality criteria, the 
beneficial uses associated with the parameter, and support status. Values in parentheses are 
quarterly data collected by SD DENR from 1999-2003 combined with monthly data collected 
during this study, whereas values not in parentheses reflect only data collected during this study. 
Fecal coliform was sampled 32 times throughout the study; the table reflects only those samples 
taken during the effective period of limited-contact recreation use (May 1 to September 30). 
Complete water quality results for Beaver Creek are provided in Appendix A. 
 
Table 25. Comparison of water quality parameters to State water quality criteria established to protect 
beneficial uses of Beaver Creek at site BC-3, including percentage of samples exceeding criteria and support 
status of beneficial uses. Values in parentheses include data collected by SD DENR from 1999-2003. 

Parameter Number of 
samples % Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial Use?1 

Alkalinity 25 (46) 0% (0%) 9 Yes 
Ammonia 27 (47) 0% (0%) 3 Yes 

Dissolved Oxygen 27 (47) 0 (2.1%) 3 Yes 
Fecal Coliform 12 (19) 16.7% (15.8%) 8 No 

Hydrogen Sulfide 0 N/A 3 Unable to assess 
Nitrate/Nitrite 27 (47) 0% (0%) 9 Yes 
Oil and Grease 0 N/A 9 Unable to assess 

pH 27 (44) 0% (0%) 3 Yes 
SAR 27 14.8% 10 No 

Specific 
Conductivity 25 (45) 48% (46.7%) 10 No 

Temperature 28 (48) 10.7% (12.5%) 3 No 

Temperature Continuous 
monitoring 

See Temperature 
Modeling section 3 No 

Total Dissolved 
Solids 27 (47) 25.9% (29.8) 9 No 

Total Suspended 
Solids 27 (47) 14.8% (14.9%) 3 No 

                                                 
1 A waterbody is listed as impaired if at least 10% of samples from that waterbody exceed beneficial use criteria 
based on 20 or more samples; when there are less than 20 samples, 25% of the samples must exceed criteria. 
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Parameter Number of 
samples % Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial Use?1 

Total Petroleum 
Hydrocarbons 0 N/A 9 Unable to assess 

 
The water quality results from this study are consistent with the support status reported in the 
2004 303(d) list for Beaver Creek. In addition, it was determined that SAR values and fecal 
coliform counts in Beaver Creek were exceeding the criterion protecting the uses of irrigation 
and limited-contact recreation, which led to the listing in the 2006 303(d) report. Analysis of 
sample results follows; analysis of Beaver Creek temperature data is reported in its own section 
in this report. 
 
Stream Discharge 
 
Figure 5 depicts flow duration curves for Beaver Creek at two sites. The upper line represents 
average daily flow data for the period 1944-1997 at USGS site 06394000, Beaver Creek near 
Newcastle, WY. This site is located approximately 7 miles upstream of the Wyoming-South 
Dakota border. The lower line in the graph represents average daily flow data collected during 
this study at BC-1, from September 2003 to August 2005. Although the two gaging sites are at 
different locations, they are close enough in proximity to allow for flow comparison. This graph 
shows that flows during the study period were less than average and implies that drought 
conditions were being experienced in the watershed. There was flow at BC-1 for about 84% of 
the study period; the remainder of the period the stream was dry. Upstream, USGS site 06394000 
flows about 97% of the time based on 53 years of daily average discharge data from 1944-1997. 
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Flow Duration Curves for Beaver Creek
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Figure 5. Flow-duration curves for two sites on Beaver Creek. 

 
Beaver Creek Sampling Results 
 
Descriptive statistics for samples collected at BC-1 are shown in Table 26. These data include 
monthly samples collected during this study and quarterly samples collected by SD DENR from 
1999-2003. Discharge data for samples collected by SD DENR were not available, and thus were 
estimated using regression analysis between discharge data collected at Beaver Creek during this 
study and historical data collected by USGS at Cheyenne River at Edgemont (CR-2; USGS site 
06395000). 
 
Table 26. Descriptive statistics for samples and field measurements at Beaver Creek site BC-1, showing 
number of samples (n), sample mean, median, standard deviation, and minimum and maximum values. 

Beaver Creek (BC-1) n Mean Median 
Standard 
Deviation Min Max 

Discharge (cfs) 47 24.2 9.05 56.9 0.003 346 
Temp (ºF) 48 53.1 53.9 16.5 31.7 83.3 

Spec Cond (µS/cm) 45 4334 4300 1645 1170 7448 
pH 44 8.00 8.07 0.265 7.35 8.51 

D.O. (mg/L) 47 10.6 10.5 2.23 4.80 15.0 
Turb (NTU) 26 125 7.50 316 1.20 1259 

NO2 + NO3 (mg/L) 47 0.234 0.050 0.352 0.00 1.96 
NH3 Diss (mg/L) 47 0.033 0.020 0.037 0.00 0.130 
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Beaver Creek (BC-1) n Mean Median 
Standard 
Deviation Min Max 

TKN (mg/L) 47 1.05 0.700 2.01 0.000 13.6 
P Diss (mg/L) 27 0.018 0.005 0.027 0.005 0.140 
P Total (mg/L) 47 0.183 0.060 0.365 0.005 2.22 

SO4 (mg/L) 32 1773 1639 661 497 2896 
Cl (mg/L) 32 599 604 302 81.3 1330 
Ca (mg/L) 47 365 393 124 93.0 550 
Mg (mg/L) 47 120 116 52.0 24.0 220 
Na (mg/L) 32 625 507 353 196 1600 
K (mg/L) 27 6.81 6.30 2.76 3.20 12.6 

Hardness as CaCO3 (mg/l) 45 1398 1467 502 367 2200 
TDS (mg/L) 47 3448 3262 1359 823 6225 

Alk as CaCO3 (mg/L) 46 144 148 51.6 2.50 238 
TOC (mg/L) 26 7.73 5.70 9.55 1.15 49.9 
TSS (mg/L) 47 325 30.0 1341 5.62 9074 
TVS (mg/L) 27 43.0 9.10 102 1.00 488 
TS (mg/L) 45 3972 3684 1718 830 10630 

SAR 27 6.25 5.71 2.50 2.30 11.6 
Fecal (colonies/100mL) 32 1251 36.0 4152 2.00 21000 

 
 
Total Dissolved Solids, Specific Conductivity, and Sodium Adsorption Ratio 
 
Total dissolved solids criterion of 4375 mg/L for the beneficial use of fish and wildlife 
propagation, recreation, and stock watering were violated in 29.8% of 47 monthly samples 
collected at BC1 during this study and quarterly samples collected at BC1 by SD DENR during 
1999-2003. Violations all occurred during flows less than 3 cfs. During high flows, low TDS 
waters from overland runoff and/or snowmelt dilute high TDS baseflows in the stream. These 
high flows raise the stream level causing alluvial recharge as water from the stream moves into 
storage in stream banks and surrounding alluvium. While in storage in the stream banks, these 
waters have more contact with substrates and more time to dissolve salts and other minerals that 
TDS measurements reflect. After overland runoff ceases, stream levels decrease, allowing stored, 
high-TDS waters to drain into the stream. Figure 6 shows TDS samples collected during this 
study graphed against stream flow, with the dashed line being the State standard for TDS 
concentrations for the beneficial use of fish and wildlife propagation, recreation, and stock 
watering. 
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Total Dissolved Solids vs Discharge
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Figure 6. Beaver Creek TDS concentrations vs. stream flow, with criterion. 

 
Figure 7 shows the load duration curve (LDC) for TDS samples.2 The curve is the TDS criterion 
multiplied by ranked average daily flow data, and plotted by the flow duration interval; the 
points are samples converted to loads and plotted by flow duration interval. Points that plot 
above the line are samples that exceeded criterion for beneficial use 9. Nine samples were in 
violation of State standards for TDS when a 10% MOS is included (2 sample points fall at 66.2% 
and cannot be distinguished in the graph). The violations all fall at the low-flow end of the chart, 
with a mean flow for violating samples of 0.8 cfs. Beaver Creek experienced low flows during 
the study period; undoubtedly this contributed to the high percentage of criterion exceedances.  
 
Programs intended to reduce exceedances of TDS, SC, and SAR would likely be aimed at 
sustaining baseflow at higher levels during dry periods. This could be accomplished by use of 
storage in the form of increased wetland area in the watershed. 
 

                                                 
2 A margin of safety (MOS) is included by multiplying the load-criterion values by 0.9. 
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TDS Load Duration Curve for Beaver Creek
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Figure 7. TDS load duration curve for Beaver Creek. 

 
Specific conductivity was high in quarterly samples collected by SD DENR between 1999 and 
2003 and in monthly samples collected during this study at BC1. Conductivity values exceeded 
State criterion of 4375 μS/cm for the beneficial use of irrigation in 46.7% of 45 samples taken 
during this period. As with TDS, samples taken at higher flows tended to have lower 
conductivity values. Figure 8 shows specific conductivity plotted against discharge in Beaver 
Creek. 
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Specific Conductivity vs Discharge
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Figure 8. Beaver Creek specific conductivity versus discharge, with criterion. 

 
SAR values at BC1 violated beneficial use criterion of 10 for irrigation in 14.8% of samples 
collected during this study. Figure 9 is a plot of SAR values versus discharge for samples taken 
during this study. All violations occurred at flows of less than 3 cfs. SAR values display a trend 
similar to TDS and conductivity, with lower values measured at higher flows. 
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Sodium Adsorption Ratio vs Discharge
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Figure 9. Beaver Creek sodium adsorption ratio versus discharge, with criterion. 

 
Correlation of Total Dissolved Solids, Specific Conductivity, and Sodium Adsorption Ratio 
 
Because TDS and SC both measure the relative concentration of ions in a water sample, sample 
data for these parameters should be highly correlated. This assumption was tested by graphing 
paired TDS concentrations and conductivity values. Figure 10 shows that TDS concentrations 
display high positive linear correlation with specific conductivity measurements for Beaver 
Creek samples, with a Pearson correlation coefficient r = 0.97. Therefore, it is safe to assume that 
measures taken to reduce State standard exceedances of one parameter will lead to reductions in 
exceedances of the other.  
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TDS and Specific Conductivity Correlation for Beaver Creek Samples
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Figure 10. Graphical correlation between paired TDS and specific conductivity data for Beaver Creek. 

 
The assumption that SAR values increase with increased TDS concentrations was tested by 
graphing paired TDS and SAR values, shown in Figure 11. The data are separated into two flow 
regimes, with hollow circles being sample pairs taken during flows greater than 3 cfs and filled 
circles being those taken at flows less than 3 cfs. The graph suggests positive monotonic 
correlation (r = 0.77) throughout the entire dataset. It can also be seen from Figure 11 that flow is 
a factor in high TDS and SAR values, as lower flows are correlated with higher TDS and SAR. 
 
The three points circled in the graph are samples taken during storm events, when overland 
runoff was contributing directly to Beaver Creek stream flow, and represent the highest stream 
flow measurements taken during the study period. These samples have the lowest TDS 
concentrations measured in the study but are skewed toward higher SAR values, which shows 
that during periods of overland flow contribution, the sodium ion concentration is 
disproportionately greater than the sum of the magnesium and calcium ion concentrations. When 
these sample pairs are removed from the dataset, the remaining samples show a linear correlation 
(approximated by the line) with some spread throughout (r2 = 0.86). TDS and SAR values tend 
to increase with decreasing flow, and all sampled exceedances of SAR and TDS criteria occurred 
during the low-flow regime. The graph shows that reductions in TDS values should reduce SAR 
values accordingly, and that BMPs geared toward TDS and SAR reductions must focus on the 
low-flow regime. 
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TDS and SAR Correlation for Beaver Creek Samples
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Figure 11. Correlation of TDS and SAR in paired Beaver Creek samples. 

 
Figure 12 is a plot of TDS concentrations and SC and SAR values over time at BC-1, including 
quarterly data collected by SD DENR and monthly data collected in this study (SAR data was 
not collected by SD DENR). Correlation in the three parameters is apparent. Management 
practices addressing high values of any one of the three are expected to reduce values of the 
other two.  
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Beaver Creek Specific Conductivity, Total Dissolved Solids, and 
Sodium Adsorption Ratio
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Figure 12. Beaver Creek total dissolved solids, specific conductivity, and sodium adsorption ratio plotted 
together to show interrelationship. 

 
Results of correlation analysis between TDS and SC, and TDS and SAR show that enough 
correlation exists between the parameters to assume that reductions in TDS concentrations will 
reduce SC and SAR values accordingly. 
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Total Suspended Solids 
 
Total suspended solids (TSS) criteria of 158 mg/L for the beneficial use of coldwater marginal 
fish life propagation was violated in 14.8% of 47 samples collected quarterly by SD DENR from 
1999-2003 and monthly during this study. Figure 13 shows TSS versus discharge in samples 
collected at site BC-1. TSS values generally increase as discharge increases, which is expected. 
This is due to higher flows generating more shear stress on sediments and substrates, bringing 
them into suspension in the water column. At extremely high flows, the effect is exacerbated by 
active erosion and scour, and sometimes bank failure in cases where banks are undercut and 
steep. 
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Figure 13. Beaver Creek total suspended solids versus discharge, with criterion. 

 
Figure 14 shows the load duration curve (LDC) for TSS samples taken during the study period. 
The solid line is the load criterion curve, constructed by multiplying ranked average-daily-flow 
data by the TSS criterion for Beaver Creek (158 mg/L)3, and plotted by flow duration interval. 
This represents the maximum allowed TSS for the flow-regime experienced by Beaver Creek 
during the study period. Any data falling above this line indicates an exceedance of the State 
TSS criterion. TSS concentrations for samples taken during the study were converted to loads 
and are plotted as stars. The dashed line is discharge. The graph shows that four exceedances of 
                                                 
3 A margin of safety (MOS) is included by multiplying the resulting load-criterion values by 0.9. 
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TSS criterion occur at the extreme high-flow end of the graph. Because these violations occur at 
extremely high flows, they may be outside the range of technically and economically feasible 
management remedies (NC DENR, 2004; NDEP, 2003). Projects intended to reduce high flows 
using storage or reduce TSS concentration during high flows using erosion-control methods 
would require continuous effort on a watershed-wide scale. 
 

TSS Load Duration Curve for Beaver Creek
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Figure 14. TSS load duration curve for Beaver Creek. 
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Fecal Coliform Exceedances 
 
The effective period of limited contact recreation use is from May 1 to September 30. Criteria 
meant to protect this use apply only during this period. Fecal coliform criteria of 2000 cfu/100ml 
for the beneficial use of limited contact recreation was exceeded in 3 of 19 samples (15.8%) 
collected quarterly by SD DENR from 1999-2003 and monthly during this study. Figure 15 is a 
graph of fecal coliform count versus discharge in samples collected in Beaver Creek. Fecal 
counts show an increase as stream discharge increases. This is due to overland flows picking up 
coliform bacteria, and exposure and resuspension of bacteria buried in sediments that takes place 
at higher stream flows. 
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Figure 15. Fecal coliform count in Beaver Creek samples versus discharge, with criterion. 

 
Site BC-1 was located at a bridge over Beaver Creek that also was the location of a cattle 
crossing and cattle access point on the creek. This is a confounding factor to determining true 
fecal counts in the creek. 
 
Figure 16 shows the LDC for fecal coliform samples. Three of nineteen samples exceeded 
criterion of 2000 cfu/100ml, and are shown circled at the high flow end of the graph. Fecal 
coliform exceedances were all in the high flow range. One sample that exceeded criteria, 
collected at the 18% flow duration interval, does not fit a pattern established by the other 
samples, and could have been contaminated or otherwise influenced by the location of the 
sampling site (immediately downstream of a cattle access point). It appears that Beaver Creek 
has high fecal coliform counts only during high flows.  
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Beaver Creek Fecal Coliform Load Duration Curve
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Figure 16. Fecal coliform load duration curve for Beaver Creek. 

 
Coliform Source Tracking 
 
Fecal coliform samples were analyzed with a bacterial source tracking technique known as 
pulsed-field gel electrophoresis (PFGE), which uses DNA to identify sources of fecal bacteria. 
From each sample that had at least 50 cfu/100ml, laboratory staff attempted to isolate five E. coli 
bacteria to test using the PFGE technique. A total of 23 E. coli isolates were successfully 
cultured from Beaver Creek samples. DNA from these isolates was compared to a reference 
database of known-DNA isolates from other samples collected in Ecoregion 43 (primarily 
western South Dakota). 
 
Of the 23 isolates that were tested, approximately 4% were unidentifiable. Among the isolates 
for which the source could be identified, 26% were equine (horse) and 30% were ovine (sheep). 
Other identified animal sources include porcine (pig), bovine (cow), canine (dog), feline (cat) 
and human (Figure 17). 
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Figure 17. Percent of Beaver Creek E. coli isolates by source. 

 
Several restrictions must be placed on the interpretation of source tracking results. The small 
number of isolates successfully identified allows a high margin of error when identifying sources 
of E. coli. The average rate of correct classification of DNA when using the Ecoregion 43 library 
varies from about 55% (horses and human) to 90% (feline and canine). Also, when compared 
with the statewide DNA database, sources are identified much differently, with 39% beef cow, 
17% sheep, 13% dog, 9% indeterminate, 9% cat, 9% horse and 4% human. These discrepancies 
suggest that source-tracking technology is not perfected, and that results should not be taken as 
absolute. Increasing the size of the database would improve the average rate of correct 
classifications and reduce the number of indeterminate-source classifications. Increasing the 
number of bacteriological samples collected at Beaver Creek would increase the accuracy of 
source tracking results, and sampling multiple locations on Beaver Creek would help define 
spatial distribution of bacteriological contamination. 
 
Beaver Creek Load Estimates and FLUX Modeling Results 
 
The FLUX model was used to estimate loads at Beaver Creek (see FLUX section, page 160, for 
description of the FLUX modeling process). Table 27 shows loading estimates for Beaver Creek 
at BC1 using monthly samples collected during this study (9/2003 - 8/2005) and quarterly 
samples collected by the SD DENR4 (4/1999 - 8/2003). Table 28 shows loading estimates for 
Beaver Creek at BC1 using only data collected during this study. Load values are in kilograms 
per year, and the number of samples (n) and coefficient of variation (CV) for each estimate are 
listed. Load values for fecal coliform bacteria are in colony forming units (cfu) per year. 
 

                                                 
4 Discharge measurements were not available for SD DENR samples. Values were estimated using regression 
between BC-1 discharge data collected during this study and historical stream flow data collected at CR-2 (USGS 
site 06395000). 
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Fecal coliform bacteria was modeled four different ways using FLUX. For two of the models, all 
samples were used, including samples collected during non-regulatory periods. This was done 
once with all data (SD DENR and study data combined) and once using data collected from this 
study only. For the other two runs, only samples collected during the regulatory period (5/1 – 
9/30) were used, once using all data and once using only data collected during this study. 
 
Table 27. FLUX loading estimates for Beaver Creek combining study data (9/2003 – 8/2005) and SD DENR 
data (4/1999 – 8/2003). 

Parameter n Load (kg/yr) CV 
Alkalinity 45 542,050 0.09 
Ammonia as N, total 29 193 0.210 
Calcium 46 1,169,125 0.064 
Carbon, total organic 26 61,715 0.358 
Chloride 32 1,809,188 0.085 
Fecal coliform, all data (cfu/yr) 32 1.13 x 1014 0.895 
Fecal coliform, May 1 – Sept 30 (cfu/yr) 19 1.20 x 1014 0.850 
Magnesium 46 376,171 0.095 
Nitrate/Nitrite 30 1,418 0.294 
Nitrogen, total Kjeldahl 39 9,504 0.666 
Phosphorus, total 47 1,599 0.441 
Phosphorus, total dissolved 27 66 0.153 
Potassium 27 24,871 0.089 
Sodium 32 1,918,145 0.101 
Solids, total 45 15,231,350 0.277 
Solids, total dissolved 45 10,802,730 0.091 
Solids, total suspended 47 4,083,627 0.941 
Solids, total volatile 27 500,165 0.512 
Sulfate 32 5,359,388 0.059 

 
Table 28. FLUX loading estimates for Beaver Creek using data from this study only (9/2003 – 8/2005). 

Parameter n Load (kg/yr) CV 
Alkalinity 25 606,324 0.053 
Ammonia as N, total 27 200 0.141 
Calcium 27 1,207,604 0.041 
Carbon, total organic 26 69,484 0.127 
Chloride 27 1,592,331 0.096 
Fecal coliform, all data (cfu/yr) 24 1.88 x 1014 0.773 
Fecal coliform, May 1 – Sept 30 (cfu/yr) 12 2.23 x 1014 0.677 
Magnesium 27 330,195 0.046 
Nitrate/Nitrite 27 1,927 0.298 
Nitrogen, total Kjeldahl 27 17,363 0.257 
Phosphorus, total 27 2,770 0.192 
Phosphorus, total dissolved 27 53 0.197 
Potassium 27 21,214 0.089 
Sodium 27 1,346,129 0.086 
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Parameter n Load (kg/yr) CV 
Solids, total 27 21,007,960 0.244 
Solids, total dissolved 25 9,836,269 0.037 
Solids, total suspended 27 11,334,980 0.089 
Solids, total volatile 27 517,223 0.520 
Sulfate 27 4,727,219 0.048 

 
 
In order to model reductions in violating parameters (i.e. TSS, TDS and fecal coliform bacteria) 
and estimate the percent reduction needed to meet beneficial use requirements, values exceeding 
criterion were reduced to maximum State standard values and the models were rerun. Results are 
shown in Table 29. Data collected during this study and by SD DENR from 1999-2003 were 
combined to model reductions. 
 
Table 29. Beaver Creek load-modeling results with exceeding values reduced to State criteria level to 
determine percent reduction required to achieve support. 

Parameter n Load (kg/yr) CV 
% Reduction 

Required 
Fecal coliform bacteria, all data 31 2.61 x 1013 0.109 76.9 
Fecal colifrom bacteria, May 1 – Sept 30 (cfu/yr) 19 2.96 x 1013 0.154 75.4 
Solids, total dissolved 45 10,102,670 0.079 6.5 
Solids, total suspended 47 326,244 0.069 92.0 

 
 
Modeling results indicate that a 6.5% reduction in TDS loading is required to achieve full 
support of beneficial use 9. This reduction is realistic and authors believe attainable, although 
during periods of drought it is expected that Beaver Creek would continue to exceed water 
quality standards for TDS. Any BMP that reduces TDS concentrations is expected to likewise 
reduce specific conductivity and SAR values. 
 
Modeling results indicate that a 92% reduction in TSS loading is required for Beaver Creek to 
achieve full support of the beneficial use 5 criterion. Most of the load can be attributed to high 
TSS concentrations during storm runoff events. FLUX modeling indicates that 83% of the load 
during the modeling period can be attributed to a single storm event that occurred June 13, 2005. 
Although specific practices will likely reduce the amount of suspended solids transported at high 
flows, it is very unlikely that TSS loads during high flows can be reduced enough to bring 
Beaver Creek into full support of TSS criterion. 
 
Modeling indicates that 75% – 77%  reduction in fecal coliform bacteria is required for Beaver 
Creek to achieve full support of the beneficial use 8 criterion. Analysis was also done using data 
collected during this study only; results indicate a reduction 87% – 89% is needed to bring 
Beaver Creek into compliance with State standards. Reductions in TSS will likely reduce fecal 
coliform counts in the Beaver Creek watershed. Samples were likely high in fecal coliform due 
to site location at a cattle crossing/watering area in the creek. 
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Summary and Recommendations 
 
Beaver Creek carries beneficial use assignments 3 (coldwater fish life), 8 (contact recreation), 9 
(fish and wildlife propagation and stock watering), and 10 (irrigation). Samples collected during 
this study exceeded criteria meant to protect all assigned uses. Fecal coliform bacteria exceeded 
criteria in 16.7% of samples, SAR criterion was exceeded in 14.8% of samples, specific 
conductivity criterion was exceeded in 48% of samples, TDS criterion was exceeded in 25.9% of 
samples, and TSS criterion was exceeded in 14.8% of samples.  
 
Fecal coliform and TSS exceedances occurred during high flows. This is likely due to overland 
runoff washing sediments and bacteria into the creek, resuspension of sediments and coliforms in 
the creek during scouring flows, and erosion of stream banks during high flows. Steep stream 
banks, undercut banks, and banks unprotected by substantive vegetation are particularly 
susceptible to erosion during high flows. Riparian areas experiencing heavy grazing pressure are 
also more susceptible to erosion during high stream flows due to disturbance of roots that bind 
soil particles. These areas are likely to deliver the largest amounts of TSS and fecal coliform 
bacteria in the watershed.  
 
Another source of TSS in Beaver Creek is the natural weathering of erosion-prone soils and 
erosion/re-suspension of stream bed and bank material during high-flow stream conditions (i.e. 
rain and snow melt events). Measures to control this source may be outside the range of what is 
technically and economically feasible. It is recommended that site-specific TSS criteria be 
adopted by the SD DENR in order to address naturally elevated TSS concentrations that occur 
during high flows. 
 
TDS, SAR and specific conductivity exceedances occurred during low flows. This is partially 
due to a higher percentage of stream water originating from bank substrates during low flows. 
Rainwater delivered to stream channels dilutes the concentration of dissolved solids. Ground 
water, which contains higher amounts of dissolved solids because of the lengthy contact time in 
stream banks and shallow aquifers, is the primary water source during drought periods. 
Evapotranspiration also plays a role in increasing salinity during low flows. Water taken up by 
plants is transpired to the atmosphere, and evaporation increases during hot, dry periods 
characteristic of drought conditions. Both processes leave behind dissolved solids. Water lost to 
evapotranspiration during high flows will slightly increase the amount of dissolved solids in the 
stream. The same amount of water lost to evapotranspiration during low flows will have a much 
greater effect on the concentration of dissolved solids in the stream, because it is a greater 
percentage of the total stream flow. TDS shows high linear correlation with SAR and specific 
conductivity. It is expected that reductions of TDS will likewise reduce SAR and conductivity 
values of Beaver Creek. Authors believe that the source of the TDS, SAR, and SC loads in 
Beaver Creek are natural and were exacerbated by drought conditions in the watershed during 
the study. A provision for low flow rates could be added to surface water quality criteria that 
apply to waters designated with the fish and wildlife propagation, recreation and stock watering 
(category 9), similar to the provision that applies to fishery waters (ARSD §74:51:01:29 and 
§74:51:01:30). In anticipation of potential water quality standards changes, no TMDL was 
formulated for TDS, SAR, and SC for Beaver Creek. 
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Criteria established to protect uses of Beaver Creek were exceeded only during high, flood-level 
flows and very low flows. For this reason, it is recommended that restoration include practices 
that will reduce the highest flows and increase the lowest flows. Incorporating storage in the 
Beaver Creek watershed will help to increase lowest flows and reduce highest flows. There are 
several options available for increasing storage, and each should be employed where it will be 
most effective. The goal should be to increase retention time of storm water runoff in the 
watershed. Storage options include construction of wetlands, building small dams in gullies, and 
allowing beavers to repopulate along the stream. These projects should be done in conjunction 
with other management practices that will reduce erosion in the watershed, such as fencing off 
the riparian corridor to eliminate livestock access and using rotational grazing practices to reduce 
livestock impact. Monitoring for TSS, TDS and discharge should continue at Beaver Creek. 
Authors recommend finding a suitable site for monitoring Beaver Creek (BC-1) that is not 
located at a cattle crossing, perhaps downstream and closer to the confluence with the Cheyenne 
River. Authors recommend continued monitoring at the BC-3 site at the Wyoming border for 
temperature and discharge, and inclusion of TSS and TDS samples at BC-3. 
 
Temperature 

State Regulations and Water Quality Standards for Temperature 
 
Under South Dakota law, Beaver Creek has the beneficial use of “coldwater marginal fish life 
propagation” (ARSD §74:51:03:08). Waters designated with this beneficial use must not exceed 
75°F at any time (ARSD §74:51:01:46). Wyoming classifies Beaver Creek as a “2AB-ww” 
stream (WY DEQ, 2001). This classification is based on the assumption that warm-water fish 
species dominate, and carries the water-quality standard for temperature of 86°F. Beaver Creek 
is listed on both the 2004 and 2006 303(d) list for impairments of coldwater fish life use due to 
high temperatures (SD DENR, 2004; SD DENR, 2006). 
 
Temperature Monitoring 
 
Quarterly stream temperatures recorded at BC-1 by SD DENR from April of 1999 to August of 
2003 (n=19) indicate that during this period Beaver Creek exceeded its temperature criterion of 
75°F at least three times: July 12, 2000 (78.98°F), July 12, 2001 (80.78°F), and July 15, 2003 
(79.34°F). There were no summer samples during 2002. Incidentally, these three days also had 
the highest field measurements of air temperature recorded during this time period. Monthly 
temperature data collected during 2004 for the Upper Cheyenne River Watershed Assessment 
shows one exceedance, on July 13 (77.3°F). This record of exceedance of temperature criterion 
prompted the State of South Dakota to take a closer look at temperatures of Beaver Creek. This 
section is the summary of that evaluation. 
 
In the spring of 2005, a second monitoring site was established on Beaver Creek and temperature 
and stage data were collected from April through August (see Figure 4 for site locations). Site 
BC-3 (upstream) was located on the South Dakota-Wyoming border, in the extreme southwest 
corner of Custer County. Site BC-1 (downstream), already an established monitoring site, was 
located where Argentine Road bridges Beaver Creek west of Burdock in Fall River County. 
Onset HOBO Water Temp Pro monitors were used to collect temperature data and OTT 
Thalimedes shaft encoder monitors were used to collect stage data at each site. Stage data 
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collected at BC-3 and BC-1 were converted to discharge data using the regression analysis 
procedure outlined by Gupta (1989). Temperature and discharge data were then used to model 
stream temperature for the South Dakota section of Beaver Creek. 
 
Stream temperature was recorded every 15 minutes from 4/7/05 to 8/30/05. Maximum daily 
temperature was determined by isolating the maximum temperature from each day’s recordings. 
Temperature data collected at BC-3 and BC-1 are shown in Figure 18 and Figure 19. The graphs 
present percent exceedance of a given temperature for all temperature data collected during the 
summer as well as percent exceedance for the isolated daily maximums. 
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Figure 18. Temperature frequency plot, showing the percent of temperature measurements at site BC-3 
(upstream) that exceeded the temperature criterion. 



Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 57 
 

BC-1 Temperature Frequency

0

10

20

30

40

50

60

70

80

90

100

30 40 50 60 70 80 90 100

Temperature (F)

%
 o

f V
al

ue
s 

G
re

at
er

 T
ha

n 
x-

ax
is

 
Te

m
pe

ra
tu

re

All Temperature Data (n=14016)

Maximum Daily Temperature (n=146)

4/07/05 - 8/30/05

SD
 C

ol
dw

at
er

 M
ar

gi
na

l F
is

h 
Li

fe
 

C
rit

er
io

n 
(7

5 
F)

Percentage of values >75F = 22.2
Percentage of daily maximums >75F = 53.4

 
Figure 19. Temperature frequency plot, showing the percent of temperature measurements at site BC-1 
(downstream) that exceeded the temperature criterion. 

 
Beaver Creek exceeded the South Dakota criterion for temperature 25.4% of the time at BC-3 
(upstream site), and 22.2% of the time at BC-1 (downstream site). (For comparison, values 
recorded at BC-3 exceeded Wyoming’s less stringent criterion of 86°F 1.9% of the time). 
Maximum daily temperature exceeded State criterion 50.7% of the time at BC-3 and 53.4% of 
the time at BC-1. This shows that fewer continuous values, but more daily maximums, exceeded 
the standard at BC-1 than at BC-3. Further, a summation of continuous and daily maximum 
temperature values for equal time periods (4/7/05 to 8/30/05) shows that temperatures at BC-1 
were 1.2% lower than at BC-3, while daily maximum temperatures were 0.4% greater. This 
analysis suggests that stream temperatures are not increasing as Beaver Creek flows downstream 
from the Wyoming-South Dakota border to its confluence with the Cheyenne River. 
 
Temperature Modeling of Beaver Creek 
 
Beaver Creek temperature was modeled using Stream Segment Temperature Model (SSTEMP), 
Version 2.0.8. SSTEMP was developed by the United States Geological Survey and is a scaled 
down version of their Stream Network Temperature Model (SNTEMP). It is designed to model 
stream segments over a 24-hr period and assumes all input data are 24-hr mean values. This 
model is especially useful for performing sensitivity and uncertainty analysis (Bartholow, 2002). 
 



Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 58 
 

The modeled stream segment begins at the Wyoming-South Dakota border (BC-3) and extends 
through private land approximately 12.9 miles to BC-1. The elevation change through this reach 
is 48 feet. 
 
SSTEMP estimates stream temperature by calculating heat fluxes within a given homogeneous 
section of stream. The model predicts daily mean and maximum temperatures of the water 
leaving the stream segment. Model input defines the stream in terms of location, geometry, 
steam discharge, meteorology, and shading characteristics. 
 
Discussion of Modeling Input Parameters 
 
Segment Inflow: Stream inflow is based on monitoring data obtained from an OTT 

Thalimedes stage recorder at BC-3. The Thalimedes was calibrated 
using a staff gage, and stage was recorded at 15-minute intervals. 
Discharge was measured using a Marsh-McBirney flow meter according 
to the procedures outlined in Standard Operating Procedures for Field 
Samplers, Volume 1 (SD DENR, 2003a). During low flows, discharge 
was measured using a 3” Parshall flume. A discharge rating curve was 
developed to convert stage values to discharge values. Discharge values 
input to SSTEMP are daily means. 

Inflow Temperature: Inflow temperatures were obtained from an Onset Hobo Water Temp 
Pro temperature monitor, which was installed at BC-3 during the spring 
of 2005. The instrument was set to record temperature values every 15 
minutes. Mean daily temperatures were obtained by averaging all 
temperature data from each respective 24-hour period. 

Segment Outflow: Segment outflow was obtained similarly to segment inflow (see 
“Segment Inflow” above). 

Outflow Temperature: Outflow temperature data were obtained from an Onset Hobo Water 
Temp Pro temperature monitor located at BC-1. 

Accretion Temperature: Accretion temperature was based on temperature readings taken from an 
artesian well located near the Pass Creek bridge on Dewey Road near 
Burdock, South Dakota. This data is considered representative due to its 
proximity to the monitoring sites. A YSI sonde was used to collect this 
data. 

Latitude: Latitude for each site was obtained from USGS topographic maps and 
checked with a Garmin Etrex GPS unit. 

Segment Length: Segment length was determined by measuring the stream-length distance 
between BC-3 and BC-1 on a USGS topographic map. 

Elevations: Elevations for each site were obtained from USGS topographic maps of 
the area and checked with a Garmin Etrex GPS unit. 

Width “A & B” terms: These terms were calculated by plotting the natural log of the stream 
width vs. natural log of discharge values obtained from discharge 
measurements made at BC-1 and BC-3. A line was fitted to the plot.  
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The “B” term was the slope of that line and the “A” term the 
untransformed Y-intercept. These functions are used to characterize the 
top width and estimate average stream depth of the stream segment.  

Manning’s n: Manning’s “n” of 0.032 was used.  The stream has a muddy bottom and 
few weeds.   

Time of Year: Two days were used to calibrate and model with SSTEMP:  June 28 and 
July 30, 2005. Stream temperatures collected during this period were not 
influenced by precipitation and were some of the warmest stream 
temperatures collected during 2005. 

Air Temperature: Air temperature data for Edgemont, SD were obtained from National 
Climatic Data Center (NCDC) and distributed by Southern Regional 
Climate Center (SRCC, 2006). Data are monthly average temperatures 
for the period 1971-2000. Edgemont is located approximately 14.3 miles 
southeast of BC-1 and 18.2 miles southeast of BC-3. 

Relative Humidity:  Relative humidity data for Oral, SD were obtained from an auto-sampler 
and distributed by South Dakota State University (SDSU) at 
http://climate.sdstate.edu/w_info/monthlyreports/monthlyreportsnewfr.htm. 
Because of high daily fluctuations in relative humidity and the 
uncertainty of this parameter, relative humidity was used as a calibration 
parameter. 

Wind Speed: Wind speed was estimated from field observations at each site. Because 
of the uncertainty associated with the parameter, it was one of the 
parameters adjusted to calibrate the model. 

Ground Temperature:  Ground temperature was based on temperature of artesian well water 
flowing near the Pass Creek bridge on Dewey Road near Burdock, South 
Dakota. A sonde was used to measure this parameter. 

Possible Sun %: Possible sun was estimated from field observations. Because of the 
difficulty in accurately estimating sun, it was used as a calibration 
parameter. 

Dust Coefficient:  A dust coefficient for summer between 3 and 10 is recommended by the 
USGS for use in SSTEMP modeling. As this location is relatively dry 
and windy, dust coefficient was assumed to be 6. 

Ground Reflectivity:  Based on values developed by the Tennessee Valley Authority a value of 
20 was assumed. Meadows and fields are estimated to have a value of 
14. Vegetation (early summer) is estimated to have a value of 19 
whereas vegetation (late summer) is estimated to have a value of 29. Flat 
ground, grass covered, is estimated to have a value ranging from 15 to 
33. 

Solar Radiation: SSTEMP gives the user the option of either entering a dust coefficient 
and a ground reflectivity (with which it calculates solar radiation), or, 
the user can directly enter a solar radiation value. Pyrometer 
measurements of solar radiation were not obtained during this study. 
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Because of this, dust coefficient and ground reflectivity values were 
entered, and the program calculated solar radiation. 

Percent Shade: The program provides the user with the option of entering a percent 
shade value or entering values for azimuth, topographical altitude, 
vegetation height, crown width, vegetation offset, and vegetation 
density. It then calculates percent shade based on these values. These 
shading values were entered based on field measurements, and SSTEMP 
computed percent shade. 

Shading Parameters: Shading parameters were chosen to best reflect the average condition of 
the riparian corridor along the entire modeled stream reach. Estimates of 
vegetation characteristics were adjusted among the two calibration runs 
according to time of year.   

Segment Azimuth: Segment azimuth was obtained by drawing a straight line from the 
beginning to end of the reach on a 7½ minute USGS topographical map 
and using a protractor to measure the angle of the line. 

Topographical Altitude: Topographical altitude was estimated from visual observation and field 
measurements taken during the course of the study at sites BC-1 and 
BC-3. 

Vegetation Height: Vegetation height was estimated from field measurements taken during 
the study at two sites and estimates from walking the stream bank at 
several reaches. The upstream 10%-15% of the modeled reach is lined 
with trees having average height of 20’, while downstream, grasses of 
height 1-3’ are the predominant shading vegetation. Values for the July 
30 model are slightly greater than June 28 values to take into account 
summer vegetation growth. 

Vegetation Crown: A vegetation crown of 3-4 feet was assumed. This value represents the 
entire modeled reach combining upstream trees and downstream grasses. 
Values for the July 30 model are slightly greater than June 28 values to 
take into account summer vegetation growth. 

Vegetation Offset: Grasses along the entire reach grow to the edge of the water, while 
upstream, shading trees are an estimated average distance of 5-10 feet 
from the stream’s edge. A value of one inch was assumed. 

Vegetation Density: Vegetation density is the density quantity (how much area is taken by 
shade vegetation) multiplied by the density quality (how much light gets 
filtered out by those that are there). The grasses along the entire reach do 
not intercept much sunlight, and thus have low density quality (20%-
30%). Grasses are, however, very abundant, and therefore the density 
quantity is high (80%-90%). The trees in the riparian zone are low in 
quantity (25%-35%) but have relatively high density quality (70%-80%). 
Overall density is the average of these based on grasses found along 
90% of the reach and trees along 10% of the reach. Values for the July 
30 model are slightly greater than June 28 values to take into account 
summer vegetation growth. 
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Model Calibration 
 
Values obtained for the parameters listed above were entered into the SSTEMP program and an 
initial run was made for each time of year. The model predicts the mean and maximum 
temperatures of the stream water flowing out of the reach. The theoretical foundation for the 
model is strongest for mean temperature, while maximum temperature predicted by SSTEMP is 
largely an estimate (Bartholow, 2002) and therefore was not modeled in this analysis. The model 
output mean daily temperatures were compared to measured values. Input data for the base cases 
are shown in Table 30. 
 
Table 30. SSTEMP input data with calibration values for Beaver Creek. 

  

Segment 
Inflow 
(cfs) 

Mean 
Inflow 

Temp (ºF) 

Segment 
Outflow 

(cfs) 
Accretion 
Temp (ºF) 

Latitude 
(deg) 

Segment 
Length 

(mi) 
Upstream 
Elev. (ft) 

6/28/2005 2.98 74.25 5.38 55.22 43.475 12.9 3598 
7/30/2005 1.13 78.02 1.35 55.22 43.475 12.9 3598 

  
Dnstream 
Elev. (ft) 

Width "A" 
Term 
(s/ft2) 

Width "B" 
Term 

Manning's 
n 

Air Temp 
(ºF) 

Max Air 
Temp 

Relative 
Humidity 

% 
6/28/2005 3550 16.849 0.157 0.032 74 N/A 55 (45)* 
7/30/2005 3550 15.696 0.157 0.032 79 N/A 52 (45)* 

  

Wind 
Speed 
(mph) 

Ground 
Temp (ºF) 

Thermal 
grad. 

(j/m2/s/C) 
Possible 
Sun % Dust coef. 

Ground 
Reflectivity 

% 

Solar 
Radiation 
(L/day) 

6/28/2005 2 (5)* 55.22 1.65 90 (75)* 6 20 N/A 
7/30/2005 2 (4)* 55.22 1.65 90 (82)* 6 20 N/A 

  Percent 

Segment 
Azimuth 

(deg) 
Altitude 

West (deg) 
Veg Ht 

West (ft) 

Veg 
Crown    

West (ft) 
Veg Offset 
West (ft) 

Veg 
Density 
West % 

6/28/2005 N/A -29.745 25 4 3 1 16 
7/30/2005 N/A -29.745 25 5 4 1 26 

  
Altitude 

East (deg) 
Veg Ht 
East (ft) 

Veg 
Crown 

East (ft) 
Veg Offset 

East (ft) 

Veg 
Density   
East % 

Predicted 
Outflow 

Temp (ºF) 

Measured 
Outflow 

Temp (ºF) 

6/28/2005 20 4 3 1 16% 
80.1 

(74.2*) 74.17 

7/30/2005 20 5 4 1 26% 
82.0 

(78.0*) 77.98 
* calibrated value 
 
For the 06-28-2005 model run, the base case predicted a mean temperature of 80.08 ºF. This 
compares with an actual mean temperature of 74.17 ºF. The model was calibrated by adjusting 
relative humidity from 55% to 45%, possible sun from 90% to 75%, and wind speed from 2 to 5 
mph. The calibrated model predicted a mean daily stream temperature of 74.21 ºF.   
 



Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 62 
 

For the 07-30-2005 model run, the base case predicted a mean temperature of 81.97 ºF.  Actual 
mean stream temperature was measured to be 77.98 ºF. The model was calibrated by adjusting 
relative humidity from 52% to 45%, wind speed from 2 to 4 mph, and possible sun from 90% to 
82%. The calibrated model predicts a mean daily stream temperature of 77.98 ºF. 
 
Sensitivity Analysis 
 
Both time periods modeled were subjected to a sensitivity analysis to determine which 
parameters had the greatest effect on temperatures in Beaver Creek. The SSTEMP sensitivity-
analysis routine subsequently increases and decreases each input parameter by 10% and 
estimates the change in downstream temperature. Each parameter is then rated to determine its 
relative impact to in-stream temperature. Table 31 lists the results of the sensitivity analysis. The 
three major factors affecting stream temperature are air temperature, relative humidity, and 
percent possible sun. Although the relative humidity and % possible sun do have a marginal 
effect on the modeling outcome, their effect is much less significant on stream temperature than 
ambient air temperature. None of these three climactic factors (air temperature, % sun, or 
humidity) can be controlled in the watershed. 
 
Table 31. SSTEMP sensitivity analysis for Beaver Creek model. 

    6/28/2005     7/30/2005   

Variable Decreased Increased 
Relative 

Sensitivity Decreased Increased 
Relative 

Sensitivity 

Segment Inflow (cfs) -0.15 0.15 1 -0.1 0.1 1 

Inflow Temperature (°F) -0.02 0.02 0 -0.02 0.02 0 

Segment Outflow (cfs) 0.23 -0.24 2 0.1 -0.1 1 

Accretion Temp. (°F) -0.33 0.33 2 -0.04 0.04 0 

Width's A Term (s/ft²) -0.13 0.16 1 -0.09 0.12 1 

B Term where W = A*Q**B -0.03 0.03 0 0 0 0 

Manning's n 0 0 0 0 0 0 

Air Temperature (°F) -4.46 4.27 30 -5.07 4.88 30 

Relative Humidity (%) -0.8 0.82 6 -0.89 0.92 5 

Wind Speed (mph) 0.4 -0.42 3 0.36 -0.38 2 

Ground Temperature (°F) -0.26 0.26 2 -0.27 0.27 2 

Thermal gradient (j/m²/s/C) 0.09 -0.09 1 0.11 -0.11 1 

Possible Sun (%) -0.61 0.63 4 -0.56 0.58 3 

Dust Coefficient 0.05 -0.05 0 0.05 -0.05 0 

Ground Reflectivity (%) -0.03 0.03 0 -0.03 0.03 0 

Segment Azimuth (degrees) -0.07 0.06 0 -0.07 0.06 0 

West Side:             

Topographic Altitude (degrees) 0.12 -0.1 1 0.13 -0.11 1 

Vegetation Height (ft) 0.01 -0.01 0 0.04 -0.04 0 

Vegetation Crown (ft) 0.01 -0.01 0 0.02 -0.02 0 

Vegetation Offset (ft) -0.01 0.01 0 -0.01 0.01 0 

Vegetation Density (%) 0.02 -0.02 0 0.05 -0.05 0 

East Side:             

Topographic Altitude (degrees) 0.08 -0.07 1 0.06 -0.06 0 
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    6/28/2005     7/30/2005   

Variable Decreased Increased 
Relative 

Sensitivity Decreased Increased 
Relative 

Sensitivity 

Vegetation Height (ft) 0.01 -0.01 0 0.03 -0.03 0 

Vegetation Crown (ft) 0.01 -0.01 0 0.01 -0.01 0 

Vegetation Offset (ft) 0 0 0 -0.01 0.01 0 

Vegetation Density (%) 0.01 -0.01 0 0.03 -0.03 0 

 
Determination of Controlling Parameters 
 
Several scenarios were modeled to provide a more in-depth sensitivity analysis of physical 
parameters that have the most control over stream temperatures, and to evaluate effects of 
possible mitigation practices. Sections below describe modeling attempts to determine which 
parameters had the most control of stream temperatures, including vegetation shading, air 
temperature, stream discharge, and inflow temperature. 
 
Evaluation of Riparian Vegetation Effects on Stream Temperature 
 
Physical parameters that could be modified along the riparian corridor to decrease temperatures 
in Beaver Creek are limited to changes in the vegetation condition. Although sensitivity-analysis 
results indicated that vegetation was not a primary factor affecting in-stream temperature, 
sensitivity analysis as computed by SSTEMP is limited to a 10% change in any parameter. In 
order to model the planting of trees along the corridor and increasing vegetation shading by more 
than a 10% change, the calibrated SSTEMP models were run with larger changes in the 
vegetation shading parameters to determine the effects of increased shading on water 
temperature. 
 
The values used to model vegetation shading are a combination of measured and observed values 
that represent the spatially varying condition of the riparian zone in this stream reach. For 
example, the base case value for vegetation height for the June 28 model (4 feet) is derived from 
a combination of 85%-90% downstream condition where grasses range from 1-3 feet in height 
and 10%-15% upstream condition where trees range from 10-30 feet in height. Values used to 
model increases in shading were also a combination of values representing the entire stream 
section. For example, vegetation height of 10 feet might represent trees with average height of 10 
feet along the entire reach, or trees of average height 17 feet along 50% of the reach and grasses 
of average height 3 feet along the other 50% of the reach. 
 
Both days were modeled to estimate in-stream temperature decreases due to increased 
vegetation. Values for current vegetation height, crown and density were based on a visual 
survey of the stream reach. Values for the increased vegetation height and density scenarios were 
arbitrarily selected. Values for increased vegetation crown were selected based on what a typical 
tree’s crown might be given the tree’s height. Figure 20 and Figure 21 show SSTEMP model 
output of estimated stream temperatures due to increasing vegetation along Beaver Creek. 
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Stream Temperature vs. Vegetation Density, Crown and Height, 06/28
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Figure 20. Modeling results showing the effect of increased vegetation crown (C), height (H) and density on 
stream temperature for the 6/28/05 model run 

 

Stream Temperature vs Vegetation Density, Crown and Height, 07/30 
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Figure 21. Modeling results showing the effect of increased vegetation crown (C), height (H) and density on 
the stream temperature for the 7/30/05 model run. 
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The model indicates that both vegetation density and height would have to be increased for any 
substantial decrease to occur in stream outflow temperatures. The effects of change in stream 
shading are summarized in Table 32. 
 
Table 32. Beaver Creek percentage decrease in temperature due to increased vegetation shading (from the 
07/30 model). 

  Percentage decrease in temperature for 07/30 model 
Height (ft) Crown (ft) Density  = 26% Density = 40% Density = 60% Density = 80% 

H = 5 ft C = 4 ft Base case 0.6 1.5 2.4 
H = 10 ft C = 6 ft 1.0 2.2 3.9 5.7 
H = 20 ft C = 12 ft 2.2 4.1 6.8 9.7 
H = 30 ft C = 20 ft 2.7 4.9 8.1 11.5 

 
The model indicates that stream temperatures could potentially be reduced by increasing 
vegetation shading. The maximum reduction was 11.5%, which would require vegetation height 
of 30 feet, crown of 20 feet, and density of 80%. 
 
Because the temperature of Beaver Creek as it flows across the Wyoming-South Dakota border 
complies with Wyoming water-quality standards, it is anticipated that no mitigation measures to 
reduce stream temperature would be implemented upstream from the border. Therefore, any 
increase in vegetation density or height on the South Dakota side would affect stream 
temperature only in the lower region of the watershed. 
 
Evaluation of Stream flow Effects on Stream Temperature 
 
Keeping all other parameters equal, stream flow was adjusted in the 07/30 model to determine 
impacts to temperature at different flows. Values used to simulate increased stream flow were 
arbitrarily selected, and outflow values were made equal to inflow values. The base case is also 
included for comparison purposes. Table 33 shows model results. 
 
Table 33. Beaver Creek modeling results showing the effect of increased flow on stream temperature for the 
7/30/05 model run. 

Inflow, cfs Outflow, cfs Stream Temperature, °F Temperature Change 
1.13 1.35 77.98 (base case) 

2 2 78.21 + 0.29% 
4 4 78.30 + 0.41% 
6 6 78.35 + 0.47% 
10 10 78.40 + 0.54% 
20 20 78.44 + 0.59% 
50 50 78.39 + 0.53% 

 
The model indicates that adjusting stream flow, if possible, would not decrease downstream 
temperatures of Beaver Creek. On the contrary, model results show small increases in stream 
temperature (less than 1%) when discharge is increased. 
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Evaluation of Air Temperature Effects on Stream Temperature 
 
An evaluation of air temperature effects at different stream flows was undertaken using the 07/30 
model. Air temperature changes were modeled at the base-case stream flow of 1.13 cfs, and at 
increased stream flows of 6 cfs and 10 cfs. Table 34 shows modeling results of increased flows at 
different air temperatures. Results are also displayed graphically in Figure 22. 
 
Table 34. Beaver Creek stream temperature at increased flows and different air temperatures. 

Discharge, cfs Air Temperature, °F Stream Temperature, °F Temperature Change 
1.13 85 81.81 + 4.91% 
1.13 80 78.61 + 0.81% 
1.13 75 75.48 - 3.21% 
1.13 70 72.43 - 7.12% 
1.13 65 69.44 - 10.95% 
1.13 60 66.50 - 14.72% 
1.13 55 63.61 - 18.43% 
1.13 50 60.76 - 22.08% 

6 85 82.18 + 5.39% 
6 80 78.98 + 1.28% 
6 75 75.86 - 2.72% 
6 70 72.81 - 6.63% 
6 65 69.83 - 10.45% 
6 60 66.91 - 14.20% 
6 55 64.05 - 17.86% 
6 50 61.24 - 21.47% 
10 85 82.19 + 5.40% 
10 80 79.02 + 1.33% 
10 75 75.96 - 2.59% 
10 70 72.99 - 6.40% 
10 65 70.11 - 10.09% 
10 60 67.32 - 13.67% 
10 55 64.61 - 17.15% 
10 50 61.97 - 20.53% 
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Stream Temperature vs Air Temperature and Discharge
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Figure 22. Air temperature and flow versus stream temperature. 

 
Results indicate that air temperature drives stream temperature. Increasing stream discharge 
makes little difference. In fact, increases in discharge slightly increased modeled stream 
temperatures, but the effect of air temperature on stream temperature greatly overwhelm any 
increase in discharge. 
 
Evaluation of Reduced Inflow Temperatures and Increased Discharge on Stream 
Temperature. 
 
Effects of coupling reduced inflow temperatures and increased discharge on stream temperatures 
was modeled using the 07/30 case. Table 35 shows results of this model. Figure 23 shows these 
results graphically. 
 
Table 35. Beaver Creek stream temperature at reduced inflow temperature and increased discharge. 

Inflow, 
cfs Outflow, cfs Inflow Temperature, °F Stream Temperature, °F 

Temperature 
change 

1.13 1.35 

78.02 77.98 (base case) 
75 77.97 -0.01% 
70 77.95 -0.04% 
65 77.94 -0.05% 
60 77.92 -0.08% 

6 6 
78.02 78.35 0.47% 

75 78.34 0.46% 
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Inflow, 
cfs Outflow, cfs Inflow Temperature, °F Stream Temperature, °F 

Temperature 
change 

70 78.33 0.45% 
65 78.32 0.44% 
60 78.30 0.41% 

10 10 

78.02 78.40 0.54% 
75 78.35 0.47% 
70 78.25 0.35% 
65 78.14 0.21% 
60 78.02 0.05% 
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Figure 23. Stream Temperature at Reduced Inflow Temperatures and Increased Discharge 

 
Modeling efforts show less than one percent change in outflow temperatures by decreasing 
inflow temperatures (note the scale of the Y-axis in this figure). Decreasing inflow temperatures 
at the base-case stream flow of 1.13 cfs and increased stream flow to 6 cfs result in almost no 
change in estimated downstream temperatures. In the case of 10 cfs stream flow the reduction of 
inflow temperatures shows slight effects on downstream temperature; however, the change is 
almost negligible. 
 
Low-Flow Analysis 
 
Low stream flows are significant because conditions of drought upset the entire ecological 
balance of the stream and riparian corridor. For this reason a low-flow frequency analysis was 
made on Beaver Creek. Daily average stream flow records from United States Geological Survey 
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(USGS) data at USGS stream flow gaging site 06394000 (Beaver Creek near Newcastle, 
Wyoming5) were used. Complete stream flow records exist from 1945 to 1997.  
 
DFLOW 3, a low flow frequency-analysis software developed by the Great Lakes Environmental 
Center for the United States Environmental Protection Agency, was used to compute the “xQy” 
stream flow, where “x” is the number of consecutive days of low-flow (“Q”) expected to return 
every “y” years. The results are displayed Table 36. 
 
Table 36. Low-flow frequency analysis of Beaver Creek at USGS gaging site 06394000. 

Days of consecutive low-flow (x) Return Period, Years (y) Flow, cfs (Q) 
7 2 0.06 
7 3 0 

14 2 0.14 
14 3 0 
21 2 0.36 
21 3 0.01 
21 4 0 
28 2 0.45 
28 3 0.01 
28 4 0 

 
The return frequency of extended low-flow periods is high. No-flow conditions for periods of 7 
to 14 days are expected to occur an average of at least once every 3 years, and no-flow 
conditions for periods of 21 to 28 days are expected to occur an average of at least once every 4 
years. 
 
Analysis and Discussion of Change of Regulatory Standards for Temperature 
 
Beaver Creek is a plains creek that flows into South Dakota from Wyoming. The majority of the 
stream and watershed lies in Wyoming. The Wyoming water-quality temperature criterion for 
Beaver Creek is 86°F, while the State of South Dakota sets the standard at 75°F. It is widely 
known that, even in the absence of anthropogenic or warm-springs inputs, streams tend to warm 
as they flow downstream from their source to lower elevations. The differences between the two 
State’s standards for Beaver Creek are counterintuitive to this natural phenomenon. Because of 
this, a change in the beneficial-use classification of Beaver Creek was examined. 
 
A change in South Dakota beneficial use classification of Beaver Creek to “warmwater semi-
permanent fish-life propagation” from “cold-water marginal fish-life propagation” would 
increase the temperature criterion to 90°F. Continuous data collected during this study at BC-3 
would exceed this standard 0.67% of the time, a reduction of 24.8% (see Figure 18), and data 
collected at BC-1 would exceed this standard 0.17% of the time, a reduction of 22.0% (see 
Figure 19). 
 

                                                 
5 USGS stream flow gaging site 06394000 is located approximately 7 miles upstream of SD-WY border site (BC-3). 
No streams flow into Beaver Creek between these two sites. 
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A change in beneficial-use classification to “warmwater permanent fish-life propagation” would 
increase temperature criterion to 80°F. Data collected at BC-3 would exceed this standard 11.8% 
of the time, a reduction of 13.6% (see Figure 18), and data collected at BC-1 would exceed this 
standard 9.8% of the time, a reduction of 12.3% (see Figure 19). 
 
A beneficial-use reclassification to warmwater fish-life propagation would affect ammonia and 
pH regulatory standards. A change would increase the range of allowable pH (from 6.5 – 8.8 to 
6.5 – 9.0), and increase the allowable amount of unionized ammonia nitrogen (from 0.02 mg/L to 
0.04 mg/L). Ammonia and pH were not found to be out of range of regulatory compliance during 
the course of this study. 
 
Discussion of Beaver Creek Temperature 
 
To determine which factors were controlling stream temperature in Beaver Creek, several 
scenarios were modeled, including increased vegetation height, crown and density, increased 
discharge, reduced inflow temperature, reduced air temperature, and combinations of these 
factors. Modeling results indicated that air temperature was the primary factor controlling stream 
temperature in Beaver Creek, while small reductions in stream temperature were predicted when 
increases in vegetative shading was modeled. Reducing air temperatures in the model 
significantly reduced stream temperatures at both high and low flows, while increasing discharge 
and reducing inflow temperature had little effect. Air temperature and inflow temperature cannot, 
of course, be controlled, and it is highly unlikely that discharge can be increased. 
 
Observation of the Beaver Creek riparian corridor shows few agricultural impacts to riparian 
vegetation. A stream walk of several miles along several accessible segments of the creek was 
conducted on October 13, 2005. During this walk, only two livestock crossings were observed 
(one near sampling site BC-3 and the other near BC-1) and good vegetation growth was present 
along all observed reaches (although very few emergent aquatic macrophytes were observed). 
Much of the riparian corridor was fenced off above the stream embankment. Furthermore, the 
steepness and height of embankments along much of the stream would make livestock access 
difficult. Therefore, it is assumed that high Beaver Creek temperatures are not due to poor 
livestock management practices, and that current livestock management practices in the Beaver 
Creek watershed in South Dakota are not resulting in increased temperatures in Beaver Creek. 
Livestock-management BMPs, such as fencing the riparian corridor and reducing the number of 
livestock stream crossings, are not likely to significantly reduce temperatures of Beaver Creek. 
 
The original base case was modeled with an overall vegetation height of 5 feet and a crown of 4 
feet, with density of 26%6. This is believed to accurately reflect vegetation conditions at Beaver 
Creek at the time period modeled. Large increases in overall vegetation shading resulted in 
minimal reductions of temperature. The model shows that it is possible to achieve an in-stream 
temperature reduction of 2.4% to 2.7% by increasing vegetation density to 80%, or increasing 
vegetation height to 30 feet and crown to 20 feet, or some combination of an increase of 
vegetation height, crown, and density by planting trees in the riparian corridor along Beaver 
Creek. The maximum temperature reduction modeled was 11.5%, which incorporated an overall 
vegetation height of 30 feet, a crown of 20 feet, and a density of 80%. 
                                                 
6 Only the model results of the 07/28 case are discussed here. The results of the 06/30 model are similar. 
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As stated previously, SSTEMP calculates shading factors as overall vegetation conditions for the 
entire segment modeled. The values input for vegetation height and crown are a combination of 
all vegetation that contributes to shading the stream, from grasses, sedges, and emergent aquatic 
macrophytes to trees. Vegetation density is likewise a combination of all vegetation along the 
stream that contributes to shading, and is estimated by multiplying the overall vegetation density 
(which can be thought of as how many plants are along the corridor) by the density of each 
individual plant (which can be thought of as how much light is filtered by each plant). For 
instance, trees along 50% of the corridor, each blocking 80% of the sunlight that would 
otherwise fall on the stream water, would give a vegetation density of 40% (0.50 * 0.80). 
Although SSTEMP model output for 80% vegetation density with height of 30 feet and crown of 
20 feet predicts a decrease of stream temperatures of 11.5%, this abundance of vegetation is 
unlikely to ever occur in the watershed, even with coordinated plantings of trees by landowners 
and government agencies. This abundance would require trees along the entire stream that 
blocked 80% of the light, or trees along 80% of the stream that blocked 100% of the light, or 
some combination of trees and aquatic macrophytes that achieve the same net shading. 
 
If one assumes that an increase in vegetation height to 30 feet and an increase in density of 40% 
is reasonable and realistic, then a reduction in stream temperature of 5% is possible. Based on 
this assumption, the effect of 5% temperature reduction on compliance with the coldwater 
marginal fish life propagation criterion was analyzed. This was done by simply reducing the 
measured stream temperatures by 5% and graphing the results, shown in Figure 24. A 5% 
reduction of all measured stream temperature values would still result in 12% of the 
measurements exceeding the current temperature criterion. The temperature criterion for the 
beneficial-use of warmwater permanent fish life propagation (80°F) would be exceeded 3.5% of 
the time, while the warmwater semi-permanent fish life propagation criterion (90°F) would not 
be exceeded. 
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Figure 24. Temperature frequency plot showing the percentage of temperature measurements (solid line) that 
exceeded criterion. Dotted line shows 5% reduction in temperatures.  

 
Increases of vegetation along the Beaver Creek corridor would only reduce temperatures after 
the water had time to cool. Any reduction in temperatures would only be realized downstream. 
Increased vegetation shading would not affect stream temperatures at the BC-3 site, as water 
flowing in from Wyoming already exceeds State regulatory standards. 
 
Summary and Recommendations for Temperature 
 
The authors recommend reclassifying Beaver Creek’s beneficial-use designation to either 
“warmwater permanent fish-life propagation” or “warmwater semi-permanent fish-life 
propagation”. Reclassifying Beaver Creek to warmwater permanent fish-life propagation would 
reduce temperature exceedances to 9.8%, while reclassifying to warmwater semi-permanent fish-
life propagation would reduce exceedances to 0.2%. A temperature TMDL for Beaver Creek was 
not formulated due to change of beneficial-use classification recommendation. 
 
This recommendation is supported by low-flow frequency analysis of Beaver Creek. Because of 
frequent return periods of very low and no-flow conditions, the authors believe that Beaver 
Creek cannot support a coldwater fishery. While warmwater species of fish may survive in pools 
remaining during periods of no stream flow, it is very unlikely that coldwater fish will survive 
the no-flow conditions experienced frequently by Beaver Creek. 
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Although South Dakota Game, Fish and Parks fish survey data was not available for Beaver 
Creek, the authors believe no coldwater species exist in the stream. Based on field observation, 
Beaver Creek does not have the required gravel substrates for salmonids to spawn, and is not a 
cold, clear, high-gradient stream salmonids typically inhabit in the nearby Black Hills. 
Furthermore, local contacts claim that no trout exist in Beaver Creek. The authors recommend 
collecting fish survey data at Beaver Creek to validate this assumption. Fish survey data coupled 
with data gathered in this study would aid in reevaluating Beaver Creek’s beneficial use 
classification. 
 
Without beneficial-use reclassification, Beaver Creek is likely to continue to remain out of 
compliance with the South Dakota temperature criterion. 
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CCOOTTTTOONNWWOOOODD  CCRREEEEKK  

Cottonwood Creek drains the eastern portion of Niobrara County in Wyoming before entering 
Fall River County in South Dakota. The creek flows on the east side of Edgemont before 
emptying into the Cheyenne River just downstream of USGS stream flow gaging site 06395000. 
Cottonwood Creek drains approximately 216 square miles (138,100 acres); 27% of the 
watershed is in Wyoming and 73% is in South Dakota. The SD portion lies almost entirely 
within the Buffalo Gap National Grassland, a public-owned short-grass prairie. 
 
One site on Cottonwood Creek was monitored. Site CC-1 was located where State Route 471 
bridges Cottonwood Creek on the southern edge of Edgemont. CC-1 is approximately 1.5 miles 
upstream of the creek’s confluence with the Cheyenne River. The site was used to record stage, 
collect water quality samples, and measure discharge. Figure 25 is a map of the Cottonwood 
Creek watershed. 
 

 
Figure 25. Cottonwood Creek watershed and site CC-1. 

 
Cottonwood Creek has been assigned the beneficial uses of fish and wildlife propagation, 
recreation and stock watering (9), and irrigation (10). Cottonwood Creek was not listed on the 
State 2002 or 2004 303(d) list as being impaired for any beneficial use (SD DENR, 2002; SD 
DENR, 2004). The findings of this study confirm the listed status of Cottonwood Creek, and 
provide further evidence that the stream is supporting its beneficial use classification.  



Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 75 
 

 
Table 37 lists parameters for which water quality criteria are established to protect Cottonwood 
Creek beneficial uses, number of samples collected, the percent of samples exceeding water 
quality criteria, the beneficial use associated with the parameter, and support status. Analytical 
results for all Cottonwood Creek water quality samples are provided in Appendix A. 
 
Table 37. Comparison of water quality parameters to State water quality criteria established to protect 
beneficial uses of Cottonwood Creek at site CC-1, including percentage of samples exceeding criteria and 
support status of beneficial uses.  

Parameter Number of 
samples % Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial Use?7 

Alkalinity 24 0.0 9 Yes 
Specific 

Conductivity 
24 4.2 10 Yes 

Nitrate/Nitrite 25 0.0 9 Yes 
Oil and Grease 0 N/A 9 Unable to assess 

pH 26 0.0 9 Yes 
SAR 25 0.0 10 Yes 

Total Dissolved 
Solids 

22 0.0 9 Yes 

Total Petroleum 
Hydrocarbons 

0 N/A 9 Unable to assess 

 
Cottonwood Creek Sampling Results 
 
Descriptive statistics for Cottonwood Creek samples collected at CC-1 are given in Table 38. 
The table lists each parameter sampled, the number of samples taken (n), and the mean, median, 
standard deviation, minimum value, and maximum value of sample results for each parameter. 
 
Table 38. Descriptive statistics for samples and field measurements at Cottonwood Creek site CC-1, showing 
number of samples (n), sample mean, median, standard deviation, and minimum and maximum values. 

Parameter n Mean Median 
Standard 
Deviation Min Max 

Discharge (cfs) 26 10.6 0.726 48.8 0.093 250 
Temp (°F) 26 54.7 54.3 14.1 35.3 79.8 

Spec Cond (μS/cm) 24 3120 3185 695 1069 4960 
pH 26 7.89 7.88 0.266 7.02 8.38 

D.O. (mg/L) 25 11.4 10.9 2.41 7.2 16.2 
Turb (NTU) 25 54.5 2.70 251 0.900 1257 

NO2 + NO3 (mg/L) 25 0.305 0.050 0.753 0.005 3.38 
P diss (mg/L) 25 0.020 0.014 0.022 0.005 0.11 
P total (mg/L) 25 0.051 0.032 0.083 0.005 0.43 

NH3 diss (mg/L) 25 0.052 0.05 0.059 0.005 0.273 
TKN (mg/L) 25 0.557 0.403 0.504 0.100 2.30 

                                                 
7 A waterbody is listed as impaired if at least 10% of samples from that waterbody exceed beneficial use criteria 
based on 20 or more samples; when there are less than 20 samples, 25% of the samples must exceed criteria. 



Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 76 
 

Parameter n Mean Median 
Standard 
Deviation Min Max 

SO4 (mg/L) 25 1176 1081 557 405 2887 
Cl (mg/L) 25 319 351 89.9 46.4 437 
Ca (mg/L) 25 223 221 56.8 94.4 396 
Mg (mg/L) 25 96.3 88.7 43.6 25.2 245 
Na (mg/L) 25 389 390 118 96.6 628 
K (mg/L) 25 17.3 17.9 3.38 6.70 24.6 

Hardness as CaCO3 (mg/l) 23 956 945 313 339 1740 
TDS TS-TSS (mg/l) 25 2572 2420 864 809 5055 

TDS sum (mg/L) 22 2377 2347 792 769 4276 
Alk as CaCO3 (mg/L) 24 181 176 51.8 2.50 279 

TOC (mg/L) 24 4.65 3.65 3.21 0.500 14.5 
TSS (mg/L) 25 62.8 9.00 256 2.01 1290 
TVS (mg/L) 25 9.30 3.00 20.8 0.500 104 
TS (mg/L) 25 2673 2533 789 1720 5080 

SAR 25 5.43 5.58 1.05 2.28 6.86 
Fecal (colonies/100mL) 23 155 10.0 621 5.00 3000 

 
Specific Conductivity 
 
Specific conductivity (SC) was the only parameter that violated State criterion. One sample, 
collected 3/23/2004, had a specific conductivity of 4960 μS/cm. The stream flow associated with 
this sample was 4.6 cfs, which is much greater than the median measured stream flow of 0.73 
cfs.  
 
Figure 26 is a plot of Cottonwood Creek specific conductivity versus discharge. A slightly 
positive relationship can be seen between SC and discharge at low discharge values. This 
deviates from the negatively-correlated patterns found in sampled waters in the rest of the upper 
Cheyenne River watershed during this study. The cause and extent of this unexpected 
relationship between specific conductivity and discharge is unknown, and a greater sampling 
effort, both spatially and temporally, would be needed to better define this phenomenon. 
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Figure 26. Cottonwood Creek specific conductivity versus stream flow for samples collected during the study. 

 
FLUX Modeling Results 
 
The FLUX model was used to estimate annual loads for Cottonwood Creek (see FLUX section, 
page 160, for description of the FLUX modeling process). FLUX loading estimates are shown in 
Table 39. The table lists each parameter modeled, the number of samples collected for that 
parameter (n), the predicted load in kg/yr, and the coefficient of variation (CV) associated with 
the prediction. An intense rainstorm occurred on June 13, 2005 resulting in high loadings to 
Cottonwood Creek over the next several days. Modeling indicates that the storm event accounted 
for 85% of the annual load of total phosphorous and 98% of the annual load of total suspended 
solids.  
 
Table 39. FLUX loading estimates for Cottonwood Creek with number of samples (n), annual load, and 
coefficient of variation (CV). 

Parameter n Load (kg/yr) CV 
Alkalinity 23 285,211 0.099 
Ammonia as N, total 25 63 1.488 
Calcium 25 242,357 0.68 
Carbon, total organic 24 16,948 0.064 
Chloride 25 255,619 0.168 
Magnesium 25 87,106 1.683 
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Parameter n Load (kg/yr) CV 
Nitrate/Nitrite 25 986 0.204 
Nitrogen, total Kjeldahl 25 2,994 0.321 
Phosphorus, total 25 530 0.62 
Phosphorus, total dissolved 25 33 0.217 
Potassium 25 18,443 0.487 
Sodium 25 372,970 0.285 
Solids, total 25 4,002,589 0.479 
Solids, total dissolved 22 2,400,467 0.997 
Solids, total suspended 25 1,539,580 0.663 
Solids, total volatile 25 126,054 0.572 
Sulfate 25 1,179,802 1.42 

 
SUMMARY 
 
According to analysis of samples collected from 2003-2005, Cottonwood Creek appears to be in 
good condition. Sampling efforts show full support of assigned beneficial uses. Monitoring of 
physical parameters (conductivity, pH, temperature, dissolved oxygen, and turbidity) should 
continue, with emphasis on specific conductivity, in order to ensure continued protection of 
Cottonwood Creek. 
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HHAATT  CCRREEEEKK  

The Hat Creek watershed drains portions of eastern Niobrara County in Wyoming (Indian Creek) 
and northern Sioux County in Nebraska before entering South Dakota southwest of Ardmore. 
Hat Creek drains approximately 970 square miles8 (621,000 acres); 47% of the watershed is in 
Nebraska, 34% is in South Dakota, and 19% is in Wyoming.  
 
Two sampling sites were used to monitor Hat Creek during this study. Site HC-2 (USGS stream 
flow monitoring site 06400000) is located where South Dakota route 71 bridges Hat Creek, 
approximately 1 mile upstream of its confluence with the Cheyenne River. Site HC-1 is located 
0.5 miles west of Ardmore, SD, where County Route 5 bridges Hat Creek. The drainage area at 
HC-1 is 707 square miles (452,000 acres). The drainage area at HC-2 is 962 square miles 
(615,500 acres). Figure 27 shows the Hat Creek watershed and sampling site locations. 
 

 
Figure 27. Hat Creek watershed and sampling sites HC-1 and HC-2. 

 
East Hat Creek, West Hat Creek, and other headwater tributaries of Hat Creek and War Bonnet 
Creek are classified by the State of Nebraska as having aquatic life use “coldwater A” (able to 
support a wild salmonid population), while downstream sections are classified “coldwater B” 
(able to support a stocked salmonid population). Downstream of War Bonnet Creek to the 
Nebraska/South Dakota border, Hat Creek is classified as having the aquatic life use “warmwater 
B” and agricultural use “A” and the Nebraska statewide beneficial use “aesthetics” (NAC). 

                                                 
8 Drainage areas and basin map generated using EDNA (http://edna.usgs.gov). 
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Indian Creek, which flows east from Wyoming along the border of South Dakota and Nebraska 
to its confluence with Hat Creek near the border, has not been specifically assigned beneficial 
uses in either South Dakota or Nebraska water quality legislation. 
 
Beneficial uses assigned to Hat Creek by the State of South Dakota are uses 5, 8, 9 and 10. These 
correspond to warmwater semipermanent fish life propagation (5), limited contact recreation (8), 
fish and wildlife propagation, recreation and stock watering (9), and irrigation (10). 
 
Hat Creek is not listed as being in violation of any of its beneficial uses according to the State 
2002 and 2004 303(d) list (SD DENR, 2002; SD DENR, 2004). On the State 2004 303(d) list, 
the support status of beneficial uses limited contact recreation (8) and fish and wildlife recreation 
and stock watering (9) is listed as being “unknown”. The use of irrigation (10) is listed as fully 
compliant and the support status of warmwater semipermanent fish life propagation (5) is listed 
as “insufficient information”. 
 
Table 40 lists the parameters for which water quality criteria are established to protect the 
beneficial uses of Hat Creek, the number of samples collected during this study for that 
parameter, the percentage of samples exceeding water quality criteria, the beneficial uses 
associated with the parameter and the violation status of the parameter. USGS data collected at 
HC-2 from 1978 to 2004 and retrieved from NWIS are included for conductivity and 
temperature. Analytical results for Hat Creek water quality samples are provided in Appendix A. 
 
Table 40. Comparison of water quality parameters to State water quality criteria established to protect 
beneficial uses of Hat Creek at sites HC-1 and HC-2, including percentage of samples exceeding criteria and 
support status of beneficial uses. Table shows samples collected during the study period and USGS samples 
from 1978-2004. 

Parameter Site 
Number of 

samples 
% 

Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial 

Use?9 

Alkalinity HC-1 
HC-2 

14 
18 

0 
0 9 Yes 

Ammonia HC-1 
HC-2 

15 
19 

0 
0 5 Yes 

Conductivity 
HC-1 
HC-2 

USGS10 

14 
18 

191 

0 
5.5% 
3.7% 

10 Yes 

Dissolved Oxygen HC-1 
HC-2 

15 
18 

0 
0 5 Yes 

Fecal Coliform HC-1 
HC-2 

3 
5 

66.7% 
20% 8 Insuff Info 

Hydrogen Sulfide HC-1 
HC-2 

0 
0 N/A 5 Unable to 

assess 

Nitrogen, nitrates as N HC-1 
HC-2 

15 
19 

0 
0 9 Yes 

                                                 
9 A waterbody is listed as impaired if at least 10% of samples from that waterbody exceed beneficial use criteria 
based on 20 or more samples; when there are less than 20 samples, 25% of the samples must exceed criteria. 
10 USGS data retrieved from National Water Information System (NWIS). 
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Parameter Site 
Number of 

samples 
% 

Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial 

Use?9 

Oil and Grease HC-1 
HC-2 

0 
0 N/A 9 Unable to 

assess 

pH HC-1 
HC-2 

15 
19 

0 
0 5 Yes 

SAR HC-1 
HC-2 

15 
19 

0 
0 10 Yes 

Temperature 
HC-1 
HC-2 

USGS10 

15 
19 

191 

0 
0 
0 

5 Yes 

Total Dissolved Solids HC-1 
HC-2 

13 
17 

0 
0 9 Yes 

Total Petroleum 
Hydrocarbons 

HC-1 
HC-2 

0 
0 N/A 9 Unable to 

assess 

Total Suspended Solids HC-1 
HC-2 

15 
19 

33.3% 
10.5% 5 No 

 
Fecal coliform was sampled 14 times at HC-1 and 17 times at HC-2 during the study; Table 4 
reflects only those samples taken during the effective period of limited-contact recreation use 
(May 1 to September 30), reducing the number of fecal coliform samples to three at HC-1 and 
five at HC-2. Hat Creek was dry during a large part of the study period (see Figure 28 below); 
much of the dry period occurred during the limited-contact-recreation effective period of use, 
limiting the amount of sampling possible. 
 
Data collected during this study suggest full compliance with criteria established to protect 
irrigation (10). Not all parameters were sampled to determine the support status of fish, wildlife 
propagation, recreation and stock watering (9), although results from those parameters that were 
sampled suggest full support. Support for limited contact recreation use (8) is unknown due to 
the limited number of fecal coliform bacteria samples available for analysis. The only beneficial 
use that is not being supported by Hat Creek is use 5 (warmwater semipermanent fish life 
propagation). TSS exceeded use 5 criterion in 33% of samples at HC-1 and 10.5% of samples at 
HC-2. 
 
The 2006 State 303(d) Impaired Waterbody list includes Hat Creek for non-support of irrigation 
use due to high conductivity measurements (SD DENR, 2006). This listing is not supported by 
data collected in this study. There were no exceedances of conductivity criterion in 14 samples 
collected at HC-1; there was only one exceedance of criterion in 18 samples collected at HC-2. 
Furthermore, no exceedances of related parameters TDS and SAR were measured in any samples 
collected in this study. Inclusion of Hat Creek on the 2006 303(d) list is likely a result of 
considering only conductivity samples collected by USGS at HC-2 (USGS 06400000) from 
October 2000 to September 2005. Four samples out of 24 exceeded criterion meant to protect 
irrigation. One sample (4650 µS/cm) was collected on 11/17/2003, one day after flow resumed 
from a dry period of 124 days. This sample should not be considered representative. High 
conductivity in that sample was likely due to first flush phenomenon dissolving salts that were 
left behind in the stream channel during evapotranspiration and/or deposited from atmospheric 
sources. A sample collected 3 days later (on 11/20/2003) during this study had a conductivity of 
1961 µS/cm. Another of the USGS high conductivity samples, collected on 11/18/2001 (6180 
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µS/cm), followed a 67-day dry period. Another sample exceeding criterion (4520 µS/cm) 
collected on 10/16/2000 followed a 40-day dry period. The most recent exceedance of 
conductivity criterion in samples collected by USGS (prior to those used in this reporting period) 
occurred in January 1992. When all samples during the 2006 303(d) list reporting period (Oct 
2000 – Sept 2005) are included, 5 out of 56 samples (8.9%) exceed conductivity criterion. High 
conductivity values in Hat Creek are likely exacerbated by drought conditions that occurred in 
the watershed over the last 5 years, and are not representative of conductivities during a normal 
flow year. 
 
Stream flow 
 
Average daily discharge data at Hat Creek site HC-1 are shown in Figure 28. Continuous stage 
recording for this site did not begin until April 4, 2004. Average daily discharge shown in the 
graph for the period prior to this are estimates based on site visits and monthly stream flow 
measurements. The peak flow on June 13, 2005 is also largely an estimate; this flow was far 
outside the bounds of the stage-discharge relationship developed for this site and equipment 
restrictions prevented discharge measurement during the flood. Ice formation during winter 
periods prevented accurate stage recording at HC-1. 
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Figure 28. Time series of average daily discharge at Hat Creek site HC-1 from 9/26/03 to 8/31/05. 

 
Figure 29 shows USGS average daily discharge at Hat Creek site HC-2 (USGS 06400000) 
during the period 9/1/2003 – 8/31/2005. HC-2 was dry during the months of September, October, 
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and the first half of November 2003, and during the months of May through October of 2004. 
This led to a reduction in the amount of samples that could be collected and used to characterize 
Hat Creek during the study period. 
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Figure 29. USGS average daily discharge at Hat Creek site HC-2 (USGS site 06400000, Hat Creek near 
Edgemont). 

 
USGS average daily discharge data at HC-2 (USGS 06400000) were used to rank average daily 
flows by duration interval. Figure 30 depicts flow duration curves at Hat Creek site HC-2. The 
upper line represents 23 years of average daily flow data (12/10/80 to 08/31/03). The lower line 
represents data collected during the period of this study (9/01/03 to 8/31/05).  
 
Figure 30 shows that flows during the two-year study period were one-half to one order of 
magnitude less than average and implies that drought conditions existed in the Hat Creek 
watershed during the study period. The stream flowed 70% of the time during the study period; 
the other 30% of the time the streambed was dry. This compares to stream flow 76% of the time 
(24% dry) during the previous 23 years.  
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Flow Duration Curves at HC-2 (USGS  06400000)
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Figure 30. Flow-duration curves at Hat Creek site HC-2. 

 
Hat Creek Sampling Results 
 
Descriptive statistics for samples collected at HC-1 are shown in Table 41. The data represent 12 
monthly samples, 2 storm-runoff samples and 1 snowmelt sample collected during this study. 
The table shows the number of samples taken (n), and the mean, median, standard deviation, 
minimum value, and maximum value of sample results for each parameter. Both Hat Creek sites 
were dry during the months of September, October, and the first half of November 2003, and 
during the months of May through October of 2004; HC-1 was also dry during August 2005. 
This led to a reduction in the amount of samples that could be collected and used to characterize 
Hat Creek during the study period. 
 
Table 41. Descriptive statistics for samples and field measurements collected during the study at Hat Creek 
site HC-1, showing number of samples (n), sample mean, median, standard deviation, and minimum and 
maximum values. 

Parameter n Mean Median 
Standard 
Deviation Min Max 

Discharge (cfs) 15 50.4 2.44 179 0.08 696 
Water Temp (°F) 15 48.4 43.4 15.9 32.0 74.8 

Spec Cond (μS/cm) 14 1069 941 545 336 2021 
pH 15 7.88 7.97 0.367 7.15 8.27 

D.O. (mg/L) 15 10.8 10.5 2.031 7.50 14.8 



Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 85 
 

Parameter n Mean Median 
Standard 
Deviation Min Max 

Turb (NTU) 14 178 24.8 317 7.50 907 
NO2 + NO3 (mg/L) 15 0.108 0.050 0.141 0.005 0.460 

P diss (mg/L) 15 0.033 0.023 0.027 0.005 0.082 
P total (mg/L) 15 0.295 0.160 0.339 0.005 1.25 

NH3 diss (mg/L) 15 0.073 0.050 0.148 0.005 0.600 
TKN (mg/L) 15 0.868 0.800 0.351 0.300 1.55 
SO4 (mg/L) 15 351 275 248 44.7 778 
Cl (mg/L) 15 18.7 9.33 36.5 1.30 149 
Ca (mg/L) 15 85.1 67.7 45.8 27.9 169 
Mg (mg/L) 15 19.9 13.9 13.0 3.60 42.6 
Na (mg/L) 15 126 105 73.1 36.7 286 
K (mg/L) 15 13.5 12.7 5.50 6.20 23.4 

Hardness as CaCO3 (mg/l) 14 300 230 173 84.0 597 
TDS TS-TSS (mg/l) 15 818 651 457 240 1688 

TDS sum (mg/L) 13 802 726 433 227 1536 
Alk as CaCO3 (mg/L) 14 185 198 90.2 2.50 325 

TOC (mg/L) 15 9.61 9.00 3.03 5.50 15.3 
TSS (mg/L) 15 299 96.0 504 16.1 1882 
TVS (mg/L) 15 56.7 28.7 64.3 3.00 204 
TS (mg/L) 15 1116 1110 520 492 2014 

SAR 15 3.14 2.97 1.18 1.31 5.26 
 
Descriptive statistics for samples collected at HC-2 are shown in Table 42. These data include 
monthly samples collected during this study and monthly and quarterly USGS sample data 
retrieved from NWIS for the period 1978-2004.  
 
Table 42. Descriptive statistics for samples and field measurements collected during the study at Hat Creek 
site HC-2, showing number of samples (n), sample mean, median, standard deviation, and minimum and 
maximum values. USGS data collected from 1978-2004 for discharge, temperature, and specific conductivity 
are included. 

Parameter n Mean Median 
Standard 
Deviation Min Max 

Discharge (cfs) 19 58.3 2.10 240 0.03 1050 
Discharge (cfs) (USGS) 202 127 3.05 676 0.01 8500 

Water Temp (ºF) 19 50.9 44.2 17.3 32.9 80.6 
Water Temp (ºF) (USGS) 202 51.6 50.0 16.5 32.0 86.0 

Spec Cond (μS/cm) 17 2301 1962 1261 443 4566 
Spec Cond (μS/cm) (USGS) 191 2410 2370 1097 305 6180 

pH 19 7.93 7.99 0.285 7.31 8.36 
D.O. (mg/L) 18 11.0 11.4 2.52 7.79 18.3 
Turb (NTU) 18 125 13.1 333 2.90 1260 

NO2 + NO3 (mg/L) 19 0.130 0.050 0.225 0.005 0.828 
P diss (mg/L) 19 0.024 0.025 0.017 0.005 0.060 
P total (mg/L) 19 0.300 0.056 0.838 0.005 3.66 
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Parameter n Mean Median 
Standard 
Deviation Min Max 

NH3 diss (mg/L) 19 0.057 0.050 0.074 0.005 0.330 
TKN (mg/L) 19 0.994 0.596 1.05 0.390 4.20 
SO4 (mg/L) 19 1108 1062 667 89.0 2506 
Cl (mg/L) 19 26.1 18.1 32.8 4.10 155 
Ca (mg/L) 19 203 198 121 19.5 504 
Mg (mg/L) 19 65.1 60.8 40.2 1.80 143 
Na (mg/L) 19 292 264 156 33.3 538 
K (mg/L) 19 16.4 15.8 6.93 6.00 29.3 

Hardness as CaCO3 (mg/l) 18 787 756 475 56.1 1846 
TDS sum (mg/L) 17 1997 1980 1014 336 3985 

Alk as CaCO3 (mg/L) 18 238 233 96.7 2.50 406 
TOC (mg/L) 19 8.75 8.55 3.15 5.00 18.3 
TSS (mg/L) 19 1022 30.0 3491 8.56 14960 
TVS (mg/L) 19 754 9.20 3183 1.00 13896 
TS (mg/L) 19 3135 2348 3219 844 15572 

SAR 19 4.53 4.53 1.25 1.26 6.46 
 
FLUX Modeling Results 
 
The FLUX model was used to estimate annual loads for Hat Creek (see FLUX section, page 160, 
for description of the FLUX modeling process). FLUX loading estimates for HC-1 are shown in 
Table 43. The table lists each parameter modeled, the number of samples collected for that 
parameter (n), the estimated load in kg/yr, and the coefficient of variation (CV) associated with 
the estimate.  
 
Table 43. FLUX loading estimates for Hat Creek site HC-1 with number of samples (n), annual load, and 
coefficient of variation (CV). 

Parameter n FLUX load (kg/yr) CV 
Alkalinity 13 1,410,158 0.327 
Ammonia as N, total 15 332 0.541 
Calcium 15 382,030 0.621 
Carbon, total organic 15 160,775 0.114 
Chloride 13 89,327 0.053 
Magnesium 15 61,246 1.603 
Nitrate/Nitrite 15 1,609 0.454 
Nitrogen, total Kjeldahl 15 17,595 0.072 
Phosphorus, total 15 13,494 0.403 
Phosphorus, total dissolved 15 862 0.298 
Potassium 15 81,001 0.648 
Sodium 15 515,743 0.593 
Solids, total 15 22,668,080 0.305 
Solids, total dissolved 13 3,179,271 0.691 
Solids, total suspended 15 20,617,800 0.51 
Solids, total volatile 15 2,193,325 0.466 
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Parameter n FLUX load (kg/yr) CV 
Sulfate 15 1,009,801 1.145 

 
FLUX loading estimates for HC-2 are shown in Table 44. Two models were evaluated; one 
included average daily discharge data for the period 1983-2005, the other included only 
discharge data for the study period (9/2003-8/2005). The table shows that load estimates, when 
based on flow data limited to the study period, are roughly half that of those based on flow data 
from the period 1983-2005. Loads in FLUX are estimated based on pairs of flow measurements 
and sample concentrations; load estimates are then extended over the time range of average daily 
flows provided by the average-daily-flow input file. Because Hat Creek samples were collected 
in a drier-than-normal year, load estimates based on average daily flow from the study period are 
less than estimates based on long-term data that includes wetter years with higher stream flows. 
 
Table 44. FLUX loading estimates for Hat Creek site HC-2 with number of samples (n), annual load, and 
coefficient of variation (CV), with separate models using average daily flow data for the period 1983-2005 and 
average daily flow data for the study period (9/2003 – 8/2005). 

Parameter n 
1983-2005 FLUX 

load11 (kg/yr) CV11 
2003-2005 FLUX 

load12 (kg/yr) CV12 
Alkalinity 17 2,407,305 0.279 1,242,284 0.26 
Ammonia as N, total 19 148 5.556 98 3.581 
Calcium 19 729,009 1.156 385,010 1.378 
Carbon, total organic 19 241,603 0.245 119,909 0.22 
Chloride 19 76,487 0.995 41,663 1.074 
Magnesium 19 165,960 1.672 95,691 1.724 
Nitrate/Nitrite 19 2,509 0.596 1,198 0.356 
Nitrogen, total Kjeldahl 19 54,018 0.375 26,348 0.372 
Phosphorus, total 19 12,231 0.291 6,052 0.034 
Phosphorus, total dissolved 19 389 0.482 195 0.471 
Potassium 19 95,957 0.71 50,316 0.663 
Sodium 19 742,876 1.767 418,490 2.01 
Solids, total 19 57,013,760 0.347 28,056,860 0.403 
Solids, total dissolved 17 5,908,377 2.164 3,517,597 1.742 
Solids, total suspended 19 51,032,760 0.197 25,147,000 0.094 
Solids, total volatile 18 2,914,381 0.771 1,417,961 0.728 
Sulfate 19 2,424,678 3.253 1,533,596 2.052 

 
The model using the longer period of record of average daily flow data is expected to more 
accurately predict Hat Creek loads at HC-2 for an average water year. The model using the 
shorter period of record is expected to more accurately predict loads at HC-2 during drought 
conditions, because the average daily discharge file used by that model is data from a dry period. 
 

                                                 
11 Model input file for average daily discharge included data from 1983 to 2005. 
12 Model input file for average daily discharge included only data collected during the study period (9/2003 – 
8/2005). 



Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 88 
 

Total Suspended Solids Exceedances 
 
Total suspended solids (TSS) criterion of 158 mg/L for the protection of the beneficial use of 
warmwater semipermanent fish life propagation was violated in 5 out of 15 samples (33%) 
collected at HC-1 and 2 out of 19 samples (10.5%) collected at HC-2 during the study period. 
Figure 31 shows TSS versus discharge in samples collected at both sites. TSS values generally 
increase as discharge increases, which is expected. This is due to higher flows generating more 
shear stress on sediments and substrates, bringing them into suspension in the water column. At 
extremely high flows, the effect is exacerbated by active erosion and scour, and sometimes bank 
failure in cases where banks are undercut and steep. 
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Figure 31. Hat Creek total suspended solids versus discharge, with criterion. 

 
Criterion exceedances for TSS at HC-1 occurred during both sampled storm events. Also, three 
monthly samples exceeded standards, one of which was collected on June 27, 2005, on the tail 
end of the hydrograph caused by the June 13 storm. Figure 32 shows the TSS load duration curve 
(LDC) for HC-1. The chart shows sample loads in tons per year from samples collected during 
the study imposed on the load criterion curve over the range of flows measured at HC-1 during 
the study. The curve was derived by multiplying ranked average daily flow data by the TSS 
concentration criterion13 (158 mg/l). The sample points are TSS concentrations multiplied by the 
measured flow and plotted by their flow rank. Thus, points falling above the curve represent 
exceedances of State criterion for TSS, and loads associated with the exceedances can be easily 
deduced. 
                                                 
13 The criterion curve was reduced by 10% to include a margin of safety (MOS). 
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TSS Load Duration Curve for Hat Creek site HC-1
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Figure 32. TSS load duration curve for Hat Creek site HC-1, showing maximum allowable TSS load and 
samples. Circled samples are exceedances. 

 
The LDC in Figure 32 shows that TSS criterion exceedances at HC-1 happened over a range of 
flow regimes. Both storm samples fall into the 0-20% flow duration range, while two monthly 
samples showed exceedances at lower flows and one at higher flow. Exceedances at high-flow 
regimes are typically caused by non-point sources, and management options to reduce TSS loads 
in this range are usually limited by technical and economic feasibility. Exceedances in the low-
flow regime are typically caused by point sources, and efforts to reduce TSS in this flow regime 
can be focused at specific areas of high TSS contribution. Because the upper Hat Creek 
watershed is dominated by fine clays and shales and highly-erodible land, authors believe that 
sediment sources are natural and non-point in origin. 
 
Both HC-2 TSS exceedances were samples that were collected during storm-runoff events, one 
of which was the basin-wide storm that flooded the stream on June 13, 2005. The other, a 
smaller, intense localized rainfall, occurred on October 26, 2004. HC-2 had been dry from May 
2004 through October 2004. The October storm occurred during this dry period resulting in a 
stream flow of approximately 10 cfs and a TSS concentration of 15000 mg/l (100x the criterion 
concentration). The high TSS load during this event is attributed to the “first flush” phenomenon, 
whereby a dry streambed will accumulate dust, dirt, and debris, and upon resumption of flow 
will have high TSS concentrations and a large amount of floating and submerged debris until the 
system is flushed. 
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A load duration curve for TSS for Hat Creek site HC-2 is shown in Figure 33. The chart shows 
sample loads in tons per year from sample data collected during the study imposed on the load 
criterion curve over the range of flows experienced by Hat Creek from December 1980 through 
September 2005.  
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Figure 33. TSS load duration curve for Hat Creek site HC-2, showing maximum allowable TSS load and 
samples. Circled samples are exceedances. 

 
The LDC in Table 27 shows that the two exceedances of TSS criterion occurred in the 0-20% 
flow duration range. The highest load occurred at a flow rank of less than 0.2% (greater than 
99.8% of average daily flows) while the other occurred at a flow rank of 17%. Management 
options aimed at reducing TSS concentrations in this flow-duration range are limited and usually 
not technically or economically feasible. 
 
Erodibility of Hat Creek soils in the Nebraska Hat Creek subbasin is shown in Table 45. The 
table shows three soils categorized by erodibility. Data is from the Farm Services Agency 2005 
Common Land Unit (CLU) database. Highly-erodible land makes up 86.4 percent of the Hat 
Creek subbasin in Nebraska. This is a Pierre Shale formation similar to that found in the 
Badlands of South Dakota.  
 
Table 45. Erodibility of Hat Creek soils in Nebraska. 

Erodibility Classification Acres Percent 
Highly erodible land 245,902 86.4 

Not highly erodible land 27,395 9.6 
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Erodibility Classification Acres Percent 
Potentially highly erodible land 11,365 4.0 

 
Summary and Recommendations 
 
Hat Creek was dry for much of the study period. No flow conditions occurred at the HC-2 site 
during September, October, and the first half of November 2003, and during May through the 
first half of October 2004. HC-2 was dry for approximately 30% of the time during the study 
period. Site HC-1 was dry for approximately 54% of the time during the study period. This led to 
a reduction in the amount of samples that could be collected and used to characterize Hat Creek 
during the study period. 
 
Hat Creek is currently supporting use 10 (irrigation). Alkalinity, nitrogen, and TDS data 
collected during this study suggest full support of use 9 (fish, wildlife, and stock watering), 
although oil and grease samples and total petroleum hydrocarbons sampels were not collected. 
Because Hat Creek was dry for much of the effective period of limited contact recreation use, not 
enough fecal coliform samples were collected to determine support of this use. Samples show 
that use 5 (warmwater fish life) is currently not being supported by Hat Creek due to high TSS 
concentrations. 
 
Before entering South Dakota, Hat Creek flows through Pierre Shale in northwestern Nebraska, a 
highly-erodible Badlands-type landscape. Highly erodible soils make up at least 86% of the soils 
found in the Hat Creek subbasin in Nebraska. Aquatic life use for East Hat Creek, West Hat 
Creek, and other Hat Creek headwaters are classified by the State of Nebraska as “coldwater A”. 
Aquatic life classifications of Hat Creek changes to “coldwater B” and “warmwater B” as Hat 
Creek flows toward the South Dakota border. The State of Nebraska defines no numeric standard 
for suspended solids. The only suspended solids standard defined is for the use classification 
“aesthetics”, which states “waters shall be free from human-induced pollution which 
causes…floating, suspended, colloidal, or settleable materials that produce objectionable films, 
colors, turbidity, or deposits” (NAC).  
 
Authors recommend either change of use classification, development of site specific standards, 
or more samplinmg at Hat Creek to further define TSS exceedances. Authors believe that nearly 
all TSS in Hat Creek is attributable to natural background sources due to Pierre Shales and 
badlands-type topography and formations in Nebraska uplands. Because the streambed at HC-1 
was dry for about 54% of the study period, authors recommend long term flow monitoring for 
site HC-1 to determine whether regulation of fish use standards is realistic at this site. 
 
The change of use classification reflects the State of Nebraska’s analysis of the lower section of 
Hat Creek in Nebraska and the naturally high occurrence of fine colloidal particles in Hat Creek 
water. East Hat Creek and West Hat Creek run clear, but downstream of their confluence the 
landscape changes significantly and turbidity increases as it flows towards the South Dakota 
border (Lynn Webster, UNWNRD, written commun., 2006). Hat Creek water quality standards 
in Nebraska become less stringent as the stream flows toward the State line. At the HC-1 site, 
bank material and streambed material consist of very fine colloidal particles. Regardless of 
discharge, the water in Hat Creek at HC-1 was milky in color during every site visit. This is a 
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natural occurrence due to soil type in the watershed. At least 86% of soils in the Hat Creek 
watershed in Nebraska are classified as “highly erodible”. Reducing the amount of TSS in Hat 
Creek is neither realistic nor feasible. For these reasons, it is recommended that a TSS natural 
occurrence exception be written for Hat Creek. No TMDL for total suspended solids was 
formulated for Hat Creek because the development of site specific TSS criteria due to naturally 
high TSS in the watershed is anticipated. 
 
High conductivity values in USGS Hat Creek samples from Oct 2000 to Sept 2004 are likely the 
result of drought conditions that took place in the watershed during the course of this study and 
are not representative of conditions that would occur during normal flow years. Most of the high 
conductivity samples collected by USGS were taken after long periods of no flow conditions in 
Hat Creek. From 1978 to 2000, monthly conductivity measurements at HC-2 made by USGS 
showed only 3 exceedances, and those occurred at less than 1 cfs. No samples (n=14) collected 
in this study exceeded conductivity criterion at HC-1, only one exceedance was recorded at HC-
2 (n=18). South Dakota is currently moving towards a standards “off-ramp” approach for 
conductivity and TDS criteria to take into account the natural occurrence of high TDS and 
conductivity values during low flows (i.e. less than 1 cfs). For these reasons, no TMDL summary 
has been formulated for conductivity in Hat Creek. It is recommended that Hat Creek 
conductivity measurements continue to be collected by USGS so that more data can be gathered 
to determine compliance. 



Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 93 
 

CCAASSCCAADDEE  CCRREEEEKK  

Cascade Creek drains approximately 66.4 km2 (25.6 mi2) before emptying to the Cheyenne River 
just upstream of the Highway 71 bridge in Fall River County. Cascade Springs is approximately 
2.5 miles upstream from the creek’s confluence with the Cheyenne River, and contributes the 
majority of stream flow to Cascade Creek. Cascade Springs is a group of artesian springs 
originating from the contact along the Spearfish formation and the underlying Minnekahta 
limestone and is believed to be fed by the Madison and Minnelusa aquifers (Hayes, 1999). This 
stream was not listed in the State 2002 or 2004 303 (d) list as being impaired for any beneficial 
use (SD DENR, 2002; SD DENR, 2004). The Cascade Creek monitoring site (CA-1) was located 
approximately 0.3 miles upstream from the stream’s confluence with the Cheyenne River (Figure 
34). The USGS maintained a discharge gaging station (06400497) on Cascade Creek at Cascade 
Springs from 1977 to 1997 and collected stream temperature data. 
 

 
Figure 34. Cascade Creek watershed and sampling site CA-1. 

 
Beneficial uses assigned to Cascade Creek are 2, 7, 8, 9 and 10. These numbers correspond to 
coldwater permanent fish life propagation (2), immersion recreation (7), limited contact 
recreation (8), fish and wildlife propagation, recreation and stock watering (9), and irrigation 
(10). Table 46 lists parameters for which water quality criteria are established to protect 
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beneficial uses of Cascade Creek, the number of samples collected, the percent of samples 
exceeding water quality criteria, the beneficial uses associated with the parameter, and support 
status. Included are temperature data from USGS gaging site 06400479, Cascade Creek at 
Cascade Springs. When a criterion is set for multiple beneficial uses, the most stringent criterion 
is used for assessment purposes. Analytical results for Cascade Creek water quality samples are 
provided in Appendix A. 
 
Table 46. Comparison of water quality parameters to State water quality criteria established to protect 
beneficial uses of Cascade Creek, including percentage of samples exceeding criteria and support status of 
beneficial uses.  

Parameter 
Number of 

samples 
% 

Exceedance 

Beneficial Use 
Associated with 

Parameter 
Supporting 

Beneficial Use?14 
Alkalinity 24 0% 9 Yes 
Ammonia 25 0% 2 Yes 
Chloride 24 0% 2 Yes 

Dissolved Oxygen 25 0% 2 Yes 
Fecal Coliform 22 0% 7 Yes 

Hydrogen Sulfide 0 N/A 2 Unable to assess 
Nitrogen, nitrates as N 23 0% 9 Yes 

Oil and Grease 0 N/A 9 Unable to assess 
pH 25 0% 2 Yes 

SAR 25 0% 10 Yes 
Specific Conductivity 23 0% 10 Yes 

Temperature 25 36% 2 No 
Temperature (USGS) 157 98.1% 2 No 

Total Dissolved Solids 23 0% 9 Yes 
Total Petroleum 
Hydrocarbons 0 N/A 9 Unable to Assess 

Total Suspended Solids 25 0% 2 Yes 
 
Cascade Creek Sampling Results 
 
Descriptive statistics for Cascade Creek samples collected at CA-1 are shown in Table 47. The 
table lists each parameter sampled, the number of samples taken (n), and the mean, median, 
standard deviation, minimum value, and maximum value of sample results for each parameter. 
Temperature data from USGS 06400479 (Cascade Creek at Cascade Springs) are included. 
Cascade Creek water chemistry has little variability when compared with water chemistry from 
other streams in the study area.  
 
Table 47. Descriptive statistics for samples and field measurements at Cascade Creek site CA-1, showing 
number of samples (n), sample mean, median, standard deviation, and minimum and maximum values. 

Parameter n Mean Median 
Standard 
Deviation Min Max 

Discharge (cfs) 25 20.2 21.5 4.81 12.3 26.6 

                                                 
14 A waterbody is listed as impaired if at least 10% of samples from that waterbody exceed beneficial use criteria 
based on 20 or more samples; when there are less than 20 samples, 25% of the samples must exceed criteria. 
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Parameter n Mean Median 
Standard 
Deviation Min Max 

Water Temp (ºF) 25 62.9 62.7 5.00 55.3 72.1 
Water Temp (ºF) (USGS) 157 68.4 68 1.36 64.4 72.5 

Spec Cond (µS/cm) 23 2479 2537 138 2179 2627 
pH 25 7.94 8.00 0.240 7.06 8.28 

D.O. (mg/L) 25 9.35 9.26 0.888 8.21 11.7 
Turbidity (NTU) 24 0.25 0.15 0.666 -1.10 2.10 

NO2 + NO3 (mg/L) 25 0.447 0.330 0.667 0.050 3.63 
NH3 diss (mg/L) 25 0.038 0.050 0.023 0.005 0.101 

P diss (mg/L) 25 0.017 0.005 0.019 0.005 0.090 
P total (mg/L) 25 0.025 0.005 0.043 0.005 0.209 
TKN (mg/L) 25 0.175 0.120 0.109 0.015 0.456 
SO4 (mg/L) 25 1436 1453 72.3 1243 1531 
Cl (mg/L) 24 51.0 46.9 26.1 29.7 169 
Ca (mg/L) 25 524 525 24.0 488 589 
Mg (mg/L) 25 80.6 81.8 3.81 72.2 88.3 
Na (mg/L) 25 38.3 35.0 6.91 32.0 59.4 
K (mg/L) 25 5.35 5.30 1.37 0.500 7.4 

Hardness as CaCO3 (mg/l) 23 1641 1646 70.8 1534 1834 
TDS sum (mg/L) 23 2231 2240 111 2027 2394 

Alk as CaCO3 (mg/L) 24 166 173 35.2 2.50 184 
SAR 25 0.41 0.38 0.075 0.343 0.632 

TOC (mg/L) 24 1.06 0.500 2.05 0.500 10.6 
TSS (mg/L) 25 4.51 4.02 2.34 2.00 11.8 
TVS (mg/L) 25 2.03 1.60 1.63 0.25 6.00 
TS (mg/L) 25 2489 2488 118 2140 2732 

Fecal (colonies/100mL) 22 7.55 5.00 6.81 1.00 30.0 
 
Cascade Creek sampling results for TDS show that values are close to exceeding TDS criterion 
meant to protect use 9 (fish and wildlife propagation, recreation, and stock watering). Chemical 
analysis data show that most of the TDS is comprised of sulfates and calcium. Calcium values 
are so much greater than sodium that the mean of 25 SAR samples is 0.41. 
 
FLUX Modeling Results 
 
The FLUX model was used to estimate annual loads for Cascade Creek (see FLUX section, page 
160, for description of the FLUX modeling process). FLUX loading estimates are shown in 
Table 48. The table lists each parameter modeled, the number of samples collected for that 
parameter (n), the predicted load in kg/yr, and the coefficient of variation (CV) associated with 
the prediction.  
 
Table 48. FLUX loading estimates for Cascade Creek with number of samples (n), annual load, and 
coefficient of variation (CV). 

Parameter n 
FLUX load 

(kg/yr) CV 
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Parameter n 
FLUX load 

(kg/yr) CV 
Alkalinity 25 3,225,612 0.009 
Ammonia as N, total 25 700 0.134 
Calcium 24 9,661,171 0.009 
Carbon, total organic 23 11,687 0.073 
Chloride 21 965,036 0.129 
Magnesium 25 1,489,266 0.01 
Nitrate/Nitrite 25 6,117 0.019 
Nitrogen, total Kjeldahl 25 3,099 0.129 
Phosphorus, total 25 477 0.344 
Phosphorus, total dissolved 25 326 0.263 
Potassium 24 96,063 0.056 
Sodium 24 707,768 0.035 
Solids, total suspended 25 84,442 0.108 
Solids, total volatile 25 35,864 0.161 
Solids, total 25 45,937,250 0.01 
Solids, total dissolved 22 41,233,180 0.011 
Sulfate 25 26,520,480 0.011 

 
Temperature 
 
Temperature data from this study indicates that the beneficial use of coldwater permanent fish 
life propagation is impaired. Thirty-six percent of 25 monthly measurements collected during 
this study violated the temperature criterion of 65°F for the beneficial use of cold water fish life 
propagation. Figure 35 is a graph of temperature data collected during the study; the dashed line 
is the 65°F criterion. The graph shows that criterion exceedances occur during spring and 
summer months. All measurements were recorded between 9:40 am and 3:00 pm. Diurnal 
temperature variation likely causes temperature fluctuations in the downstream portion of 
Cascade Creek that exceed standards daily during summer months, although continuous 
monitoring would have to be implemented to verify this assumption. Trout were observed at the 
CA-1 site during summer months of the sampling period when exceedances occurred. 
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Cascade Creek Water Temperature During Study Period
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Figure 35. Water temperature of monthly Cascade Creek samples with criterion. 

 
The USGS maintained a discharge gaging station (06400497) on Cascade Creek at Cascade 
Springs from 1977 to 1997. Monthly temperature data collected by the USGS during this period 
is shown in Figure 36. The chart includes discharge data collected at the site, temperature data 
from this study, and a dashed line showing State criterion. During this period, Cascade Creek 
temperatures consistently violated State water quality standards meant to protect the beneficial 
use of cold water fish life propagation. USGS temperature measurements violated criterion 154 
times out of 157 samples (98% exceedance). Measurements had a mean temperature of 68.4°F, a 
median of 68°F, and a standard deviation of 1.36°F. The highest USGS temperature measured 
was 72.5°F on May 6, 198715; the maximum temperature measured during this study was 72.1°F 
on July 13, 2005. 
 

                                                 
15 The USGS reports a measured value of 80.6°F on 7/24/1979. This measurement was considered an outlier and not 
used in the temperature analysis. 
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Cascade Creek Temperature, 1977 - 2005
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Figure 36. Temperature of Cascade Creek at two sites: USGS discharge gaging station 06400497 (Cascade 
Springs near Hot Springs, SD) and CA-1. Also shown is stream flow data collected at the USGS site and the 
current State temperature criterion for Cascade Creek. 

 
Downstream temperatures (collected during this study at CA-1) show greater spread than those 
measured at the source by USGS. This may be due to cooling or heating of creek water exposed 
to air as the stream flows the two miles from Cascade Springs to the CA-1 site. 
 
Recommendations 
 
Based on natural occurrence of high temperatures in Cascade Creek, the authors recommend 
either (1) creation of site-specific temperature criterion that would increase allowable 
temperature of Cascade Creek from 65°F to 72°F, or (2) reassignment of Cascade Creek fishlife 
propagation beneficial use classification from 2 (coldwater permanent fish life propagation) to 
beneficial use 4 (warmwater permanent fish life propagation). The first option would, however, 
protect Cascade Creek from degradation beyond natural temperature limits, while the second 
option would increase the temperature standard to 80ºF. To ensure that violations due to natural 
causes will be less likely to occur, the temperature standard for Cascade Creek should be based 
on temperature data collected at the source of the creek, Cascade Springs. Reassignment of 
fishlife use to warmwater permanent would increase the allowable temperature in Cascade Creek 
to 80ºF. Only one temperature value (80.6ºF measured by USGS on 7/24/1979) was greater than 
80ºF, and is so much greater than the next greatest value (72.5ºF measured on 5/6/1987) that it 
can be considered an outlier or error. Thus it is highly improbable that the 80ºF temperature 
criterion for the protection of beneficial use 4 would be exceeded. Assuming stream temperatures 
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measured by the USGS at Cascade Springs are normally distributed, a temperature criterion of 
72°F has a probability of exceedance of 3.6% (z = 2.1) at the springs.  
 
Although water temperature is identified in several studies as a major factor controlling growth 
rate and mortality in trout (Lobon-Cervia, 1998; Jensen, 1990; Elliot, 1995), researchers found 
that the rate of growth-rate reduction with higher temperatures varied, suggesting that the 
temperature-growth rate relation is not the same for all populations of trout. Elliot (1995) 
constructed a linear temperature-growth rate model based on the maximum growth rate found in 
multiple studies, and estimated that zero growth rate occurs at about 68ºF, while Lobon-Cervia 
(1998) observed substantial growth at higher temperatures. A suggestion put forth by these and 
other authors is that local temperature acclimation occurs in trout populations. This suggestion is 
supported by the fact that trout were observed in Cascade Creek throughout the study period. 
 
In high temperature mortality studies and literature reviews, researchers found that temperatures 
lethal to brown trout ranged from 77ºF – 81ºF (Molony, 2001; Needham, 1969; Mills, 1971), and 
that acclimation was a factor affecting high-temperature mortality. Generally, in mortality 
studies, temperature is either slowly increased over a period of time until mortality ensues 
(dynamic) or fish are plunged directly into high temperature waters (static). These tests do not 
take into account the diurnal variation of stream temperatures occurring in natural waters. Night 
and early morning temperatures, being lower than the maximum daytime temperature, provide 
relief and a recuperation period to the fish. Similarly, any organism exposed to a high 
temperature for a long period of time until mortality occurs will be more likely able to tolerate 
the same temperature for a short period of time. No temperature recorded during this study at 
CA-1 was in the range of mortality found by researchers. (A temperature of 80.6ºF was recorded 
by USGS at Cascade Springs on 7/24/1979. The fact that the next highest value recorded was 
72.5ºF and the standard deviation of 157 values was 1.36 leads the authors to conclude that this 
measurement was very likely an error and, for this reason, has not been used in temperature 
analysis). The proposed temperature criterion is lower than temperatures lethal to trout; this is 
supported by visual observation of trout in Cascade Creek during the study period. 
 
Figure 37 shows temperature data measured at Cascade Springs and CA-1, with the current and 
proposed criterion lines plotted. The lethal range based on the lower value of the range of 
mortality found by researchers (77ºF) is shown as grey bands at the top of the chart. One USGS 
measurement at Cascade Springs and one measurement during the study period at CA-1 were 
greater than the proposed criterion of 72°F. 
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Cascade Creek Temperature, 1977 - 2005, showing Proposed Criterion
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Figure 37. Cascade Creek temperature measured at Cascade Springs from 1977-1996 and CA-1 from 2003-
2005. Current and proposed temperature criteria are marked with dashed lines; lethal temperature range for 
trout is marked with grey bands. 

 
Trout in Cascade Creek are neither wild nor native. Temperature criterion for Cascade Creek 
should not be set at an artificially low value as a result of trout being stocked in the creek; rather, 
criterion should be set based on naturally occurring temperatures measured at the source of the 
creek, Cascade Springs. Stocking trout in the creek and then setting an artificially low 
temperature criterion around the fact can only result in standards violations due to temperatures 
that cannot feasibly be reduced. 
 
Further, it is recommended that continuous temperature monitoring equipment be installed at 
Cascade Springs and at CA-1. With data collected by this equipment, diurnal variation of 
temperatures and criterion exceedances can be more easily assessed, and a greater understanding 
of Cascade Creek temperature dynamics realized. 
 
Summary  
 
Cascade Creek temperatures are in violation of the coldwater fish life propagation State criterion 
of 65°F. All other assigned beneficial uses are in full support according to data collected at CA-1 
during this study. 
 
Monthly temperatures from 1977 to 1997 collected by USGS show that 98% of 157 
measurements violated the temperature criterion at Cascade Springs. Temperature data collected 
during this study at CA-1 violated State criterion in 36% of 25 monthly measurements. 
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High stream temperatures measured by USGS and those measured in this study are naturally 
occurring. The stream source is a small group of artesian springs, and waters issuing forth are 
already warmer than the maximum allowable temperature criterion meant to protect the 
beneficial use of cold water fish life propagation. Stream temperatures in Cascade Creek cannot 
be controlled or reduced. Furthermore, Cascade Creek’s length (~2.5 miles), makes it impractical 
to separate into stream sections for purposes of applying different temperature criterion to each 
reach. 
 
A reclassification of beneficial use of Cascade Creek from coldwater to warmwater permanent 
fish life propagation or creation of site-specific temperature criterion of 72°F is recommended. 
This criterion would reflect the fact that waters at Cascade Springs, the source of Cascade Creek, 
are typically warmer than 65°F, thus a criterion of 65°F is not practical. Setting a temperature 
criterion of 72ºF will reduce temperature criterion violations and bring temperature criterion of 
Cascade Creek to a more realistic level. Authors feel that a 72ºF temperature standard will allow 
for natural conditions and protect both the biological integrity and fishery use of the stream. 
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HHOORRSSEEHHEEAADD  CCRREEEEKK  

The Horsehead Creek drainage basin extends south and southeast of Angostura Reservoir to 
Dawes County, Nebraska. The west side of the basin is bordered by the Hat Creek watershed and 
extends east a few miles past Oelrichs, SD. Horsehead Creek flows into the east side of 
Angostura Reservoir. The creek drains approximately 275 square miles (176,000 acres); 89% of 
the watershed is in South Dakota and 11% is in Nebraska. The southern portion of the watershed 
and the western highlands are part of the Buffalo Gap National Grasslands, a public-owned 
short-grass prairie.  
 
One site on Horsehead Creek was monitored. Site HH-1 was located where County Route 79 
bridges Horsehead Creek, approximately 2 miles upstream of Angostura Reservoir. The site was 
used to record stage, collect water quality samples, and measure discharge. The USGS has 
maintained a surface-water site on Horsehead Creek since 1983 (USGS 06400875, Horsehead 
Creek at Oelrichs, SD). Figure 38 is a map of the Horsehead Creek watershed. 
 

 
Figure 38. Horsehead Creek watershed and sampling site HH-1. 
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Horsehead Creek has been assigned the beneficial uses of warmwater semipermanent fish life 
propagation (5), limited contact recreation (8), fish and wildlife propagation, recreation and stock 
watering (9), and irrigation (10). Horsehead Creek was listed on the 2004 State 303(d) list due to 
conductivity violations of criteria meant to protect beneficial use 10. Support status for beneficial 
uses 5, 8, and 9 are listed as “unknown” or “insufficient information”. Horsehead Creek was 
listed on the 2006 State 303(d) list for irrigation impairment due to high conductivity. Results of 
this study are not consistent with the listed status of Horsehead Creek. Out of nineteen 
conductivity samples collected at Horsehead Creek during this study, no samples exceeded State 
standards. 
 
Monthly and semi-monthly conductivity data collected by the USGS at 06400875 from 1983 to 
2004 show 6 violations of the State specific conductivity criterion for irrigation, all of which 
occurred between 2000 and 2004. All violations occurred in winter months of December, 
January, or February when irrigation is not used, and ice cover may have increased 
concentrations of dissolved solids in the stream. Discussion among SD DENR officials indicates 
an effort to provide an “off-ramp” approach to regulating high TDS, SAR, and SC values during 
low flows (i.e. less than 1 cfs). All exceedances measured by USGS were during stream flows of 
less than 0.5 cfs. For these reasons, it is recommended that Horsehead Creek be delisted and 
more monitoring take place to further evaluate conductivity in Horsehead Creek 
 
Table 49 lists parameters for which water quality criteria are established to protect Horsehead 
Creek beneficial uses, number of samples collected during this study, the percent of samples 
exceeding water quality criteria, the beneficial use(s) associated with the parameter, and support 
status. Analytical results for Horsehead Creek samples are provided in Appendix A. 
 
Table 49. Comparison of water quality parameters to State water quality criteria established to protect 
beneficial uses of Horsehead Creek at site HH-1, including percentage of samples exceeding criteria and 
support status of beneficial uses.  

Parameter Number 
of samples % Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial Use?16 

Alkalinity 21 0 9 Yes 
Ammonia 21 0 5 Yes 
Chlorine 0 N/A 5 Unable to assess 

Specific Conductivity 19 0 10 Yes 
Dissolved Oxygen 21 0 5 Yes 

Fecal Coliform 21 0 8 Yes 
Hydrogen Sulfide 0 N/A 5 Unable to assess 

Nitrogen, nitrates as N 21 0 9 Yes 
Oil and Grease 0 N/A 9 Unable to assess 

pH 21 0 5,9 Yes 
SAR 21 0 10 Yes 

Temperature 21 0 5 Yes 
Total Dissolved Solids 21 0 9 Yes 

Total Petroleum 0 N/A 9 Unable to assess 

                                                 
16 A waterbody is listed as impaired if at least 10% of samples from that waterbody exceed beneficial use criteria 
based on 20 or more samples; when there are less than 20 samples, 25% of the samples must exceed criteria. 
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Parameter Number 
of samples % Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial Use?16 

Hydrocarbons 
Total Suspended Solids 21 4.8% 5 Yes 

 
No water quality standards violations for conductivity were observed for Horsehead Creek 
during this study. Data show full support of beneficial uses 8 and 10. Beneficial uses 5 and 9 
were found to be in full support for the parameters monitored, although total petroleum 
hydrocarbons, oil and grease, chlorine and hydrogen sulfide were not monitored in this study. 
 
Horsehead Creek Sampling Results 
 
Descriptive statistics for Horsehead Creek samples collected at HH-1 are given in Table 50. The 
table lists each parameter sampled, the number of samples taken (n), and the mean, median, 
standard deviation, minimum value, and maximum value of sample results for each parameter. 
 
Table 50. Descriptive statistics for samples and field measurements at Horsehead Creek site HH-1, showing 
number of samples (n), sample mean, median, standard deviation, and minimum and maximum values. 

Horsehead Creek (HH-1) n Mean Median 
Standard 
Deviation Min Max 

Flow (cfs) 21 12.8 0.09 56.8 0.02 261 
Water Temp (°F) 21 56.0 56.1 14.2 32.7 83.6 

Spec Cond (μS/cm) 19 2450 2613 629 476 3116 
pH 21 7.97 7.95 0.339 7.23 8.77 

D.O. (mg/L) 21 9.30 8.80 2.79 3.87 14.4 
Turb (NTU) 20 31 4.9 111 1.0 500 

NO2 + NO3 (mg/L) 21 0.263 0.050 0.677 0.005 3.00 
NH3 diss (mg/L) 21 0.060 0.050 0.057 0.005 0.220 

TKN (mg/L) 21 0.768 0.520 0.622 0.34 3.20 
P diss (mg/L) 21 0.031 0.017 0.045 0.005 0.202 
P total (mg/L) 21 0.078 0.033 0.145 0.005 0.670 

Alk as CaCO3 (mg/L) 20 298 300 72.0 84.5 412 
Fecal (colonies/100mL) 17 108 20.0 209 1.0 780 
Fecal (colonies/100mL) 

5/1 - 9/30 9 171 20.0 276 5.0 780 

Cl (mg/L) 21 30.8 31.2 13.5 2.90 59.7 
Ca (mg/L) 21 139 144 35.8 25.9 190 
Mg (mg/L) 21 63.5 68.8 17.7 9.60 83.0 
Na (mg/L) 21 344 361 104 46 517 
K (mg/L) 21 9.74 8.90 2.48 6.95 17.0 

SO4 (mg/L) 21 1020 1065 305 129.4 1356 
Hardness as CaCO3 (mg/l) 19 591 636 158 104 743 

TDS sum (mg/L) 19 1739 1802 501 283 2319 
TOC (mg/L) 20 7.03 6.50 3.81 0.50 18.6 
TVS (mg/L) 21 7.81 5.00 12.0 0.50 58.0 
TSS (mg/L) 21 47.5 9.90 165 6.0 766 
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Horsehead Creek (HH-1) n Mean Median 
Standard 
Deviation Min Max 

TS (mg/L) 21 1935 2048 543 580 2592 
SAR 21 5.96 6.14 1.40 1.96 8.59 

 
Flow Duration Curves 
 
Flow duration curves were constructed for Horsehead Creek using average daily flow data for 
USGS 06400875 for the period of this study, USGS historic flows from 1983-2003, and flow 
data collected during this study at HH-1. These curves, shown in Figure 39, indicate that 
Horsehead Creek was experiencing lower than average stream flow during the study period. 
When flows at USGS 06400875 for 1983-2003 are compared to years 2003-2005, it is seen that 
flows at a given flow duration interval range from one to two orders of magnitude less than 
historic averages. Flows at site HH-1 (approximately 8 miles downstream of USGS 06400875) 
were greater than zero throughout 90% of the study period. Flows at USGS 06400875 were 
greater than zero 38% of the time during this study period, compared to 53% of the time for the 
period of record 1983-2003. Stream flow curves indicate that the Horsehead Creek watershed 
was experiencing drought conditions during the study period. 
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Figure 39. Flow duration curves for Horsehead Creek. Curves include study site HH-1 for study period 2003-
2005 and USGS 06400875 data from 1983-2003. 

 
FLUX Modeling Results 
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The FLUX model was used to estimate annual loads for Horsehead Creek (see FLUX section, 
page 160, for description of the FLUX modeling process). FLUX loading estimates for HH-1 are 
shown in Table 51. The table lists each parameter modeled, the number of samples collected for 
that parameter (n), the estimated load in kg/yr, and the coefficient of variation (CV) associated 
with the estimate.  
 
Table 51. FLUX loading estimates for Horsehead Creek site HH-1 with number of samples (n), annual load, 
and coefficient of variation (CV). 

Parameter n FLUX load (kg/yr) CV 
Alkalinity 20 239,460 0.039 
Ammonia as N, total 21 220 0.225 
Calcium 21 85,262 0.255 
Carbon, total organic 19 34,202 0.177 
Chloride 21 12,939 0.22 
Magnesium 21 34,826 0.301 
Nitrate/Nitrite 21 2,091 0.59 
Nitrogen, total Kjeldahl 21 5,758 0.394 
Phosphorus, total 21 1,176 0.475 
Phosphorus, total dissolved 21 115 0.109 
Potassium 21 17,148 0.118 
Sodium 21 175,612 0.319 
Solids, total suspended 21 1,351,808 0.646 
Solids, total volatile 21 101,813 0.622 
Solids, total 21 2,405,225 0.077 
Solids, total dissolved 19 1,007,305 0.321 
Sulfate 21 455,967 0.543 

 
Specific Conductivity 
 
Although USGS data shows exceedances for specific conductivity, no exceedances were 
measured during monthly sampling efforts during this study. Likewise, all TDS and SAR values 
were found to be within range of beneficial use criterion. 
 
USGS collected 112 specific conductivity measurements from 1983-2005 at 06400875 
(Horsehead Creek at Oelrichs). Of these samples, 5% violated the State criterion meant to protect 
the beneficial use of irrigation (18% of 33 measurements made between 2000 and 2004 exceeded 
State criterion). All exceedances occurred between 2000 and 2004 in winter months of 
December, January, or February.  
 
Figure 40 is a flow-weighted specific conductivity graph for Horsehead Creek at USGS 
06400875. The curve in this graph are daily average discharge values from 1983-2005 plotted by 
flow duration interval. The points are specific conductivity values multiplied by discharge and 
divided by SC criterion (4375 µS/cm) to produce flow-weighted specific conductivity values. 
Specific conductivity values were multiplied by 1.1 to include a 10% MOS. Thus, any point 
falling above the curve represents an exceedance of specific conductivity criterion for irrigation 
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at USGS 06400875. Exceedances all fall in the flow range less than 0.5 cfs, showing that 
conductivity exceedances are related to low flows. 
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Figure 40. Flow-weighted specific conductivity for Horsehead Creek at USGS 06400875. Curve is flow 
duration interval for USGS discharge data collected from 1983-2005.  Conductivity values are data collected 
by USGS at 06400875 from 1983-2005.  

 
Total Suspended Solids 
 
Horsehead Creek samples violated TSS criterion meant to protect beneficial use 5 in one of 21 
samples (4.8%) collected during the study. This sample was a storm-runoff sample collected 
during the flood of June 15, 2005. This sample had a TSS concentration of 766 mg/l with an 
associated flow of 260 cfs. The high TSS concentration in this sample is attributed to natural 
causes due to the extreme flow experienced after the intense rainfall that occurred over the 
watershed. It is expected that high TSS concentrations will occur during flows of this magnitude 
in the future.  
 
Summary and Recommendations 
 
Samples collected at HH-1 during this study show that Horsehead Creek is maintaining support 
for assigned beneficial uses 5, 8, 9, and 10. One violation of TSS occurred during the storm of 
June 15, 2005. This exceedance was attributed to resuspension of sediments and natural erosion 
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processes that occurred during the extreme flood on this date. No other violations were recorded 
at Horsehead Creek during this study. 
 
Specific conductivity was high in measurements made by USGS at 06400875 (Horsehead Creek 
at Oelrichs, SD) from 2000-2004. Six of 33 samples exceeded State criterion for the beneficial 
use of irrigation. All exceedances occurred at flows less than 0.5 cfs and in winter months when 
irrigation is not used. No samples collected in this study at HH-1 exceeded State criterion. High 
specific conductivity values are attributed to drought conditions experienced in the watershed 
during this time period and ice formation which concentrated dissolved solids in the remaining 
liquid water. Conductivity values are expected to be lower during normal flow years, thus no 
TMDL has been formulated for conductivity in the Horsehead Creek watershed. 
 
It is recommended that HH-1 continue to be monitored for specific conductivity, TDS, and SAR 
values. Although no samples at HH-1 exceeded State criterion for these parameters, exceedances 
at USGS 06400875 show that potential exists for dissolved solids to become a problem during 
low flows. Conductivity values should be continued to be measured at USGS 06400875 and at 
site HH-1. 
 
Further recommendations include management practices designed to increase retention time of 
storm water in the basin. Flow data collected at HH-1 during the study show that the stream has 
sustained periods of flow above zero cfs, whereas historic data collected at USGS 06400875 
show that flows there often go to zero. It is important to capture storm water and retain it in the 
watershed. One way to do this is to increase wetland area in the watershed. Wetlands provide a 
buffer region between storm runoff and the stream, and can provide storage which increases 
retention time and reduces high storm flows. 
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CCHHEEYYEENNNNEE  RRIIVVEERR  

The Cheyenne River watershed drains portions of eastern Wyoming (southern portions of 
Campbell and Weston County and northern portions of Converse and Niobrara County), the 
northwestern portion of Nebraska (northern Sioux County and a small section of northwestern 
Dawes County), and southwestern South Dakota (western and southern portions of Fall River 
County, western Custer County, and southwestern Pennington County). The Cheyenne River 
enters South Dakota 15 miles northwest of Edgemont in Custer County and discharges to 
Angostura Reservoir south of Hot Springs, eventually flowing to the Missouri River 30 miles 
northwest of Pierre. This study focused on the section of the Cheyenne River in South Dakota 
from the Wyoming border to the Angostura Reservoir dam. 
 
From the WY/SD border to Angostura Reservoir, the Cheyenne River receives major tributary 
input from Beaver Creek at the upstream end, Cottonwood Creek at Edgemont, and Hat Creek in 
the central portion. These drainages can contribute substantial stream flow and sediment loads 
during times of high flow (specifically, during storm events or spring runoff). During times of 
low flow in the River, Cascade Creek, at the downstream end, is the major flow contributor to 
the Cheyenne River. 
 
Four sampling sites on the Cheyenne River were monitored during the study. Site CR-1 was 
located near the South Dakota-Wyoming border, upstream of the River’s confluence with Beaver 
Creek. CR-2 was located at Edgemont (USGS 06395000), a few hundred feet upstream of the 
confluence with Cottonwood Creek. CR-3 was located approximately 1 mile downstream of the 
Hwy 71 bridge, which is downstream of the River’s confluence with Cascade Creek and Hat 
Creek, and about 1 mile upstream of Angostura Reservoir. CR-4 was located immediately 
downstream of the Angostura Dam (USGS 06401500). 
 
Water quality samples and discharge measurements were collected at all sites. Stage recorders 
were used at CR-1 and CR-3, and CR-3 was equipped with a rain gage and sonde programmed to 
record standard water-quality data every 15 minutes. Stream discharge was determined by USGS 
at CR-2 and CR-4. USGS gaging station 06386500, Cheyenne River at Spencer, WY, is about 
five miles upstream of CR-1. Figure 41 shows the Cheyenne River watershed and sampling sites. 
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Figure 41. Cheyenne River watershed and sampling sites. 

 
The drainage area of the Upper Cheyenne River watershed is 9100 mi2 (5,824,000 acres), of 
which 74% is in Wyoming, 6% is in Nebraska and 20% is in South Dakota. Table 52 shows 
watershed drainage areas at each of the sampling sites, and at USGS 06386500, Cheyenne River 
at Spencer, Wyoming.  
 
Table 52. Cheyenne River watershed drainage areas at flow gaging sites. 

Location Drainage area, mi2 Drainage area, acres 
USGS 06386500 5270 3,372,800 
CR-1 5356 3,427,840 
CR-2 (USGS 06395000) 7143 4,571,520 
CR-3 8731 5,587,840 
CR-4 (USGS 06401500) 9100 5,824,000 
 
Average annual precipitation in the region varies from 16 – 18 inches (Driscoll et al, 2000) based 
on 30 years of precipitation data. Precipitation recorded at CR-2 (USGS 06395000) was 8.09 
inches during water year 2004 and 13.09 inches during water year 2005. Precipitation recorded at 
CR-4 (USGS 06401500) was 9.43 inches during water year 2005. A total of 16.56 inches of 
precipitation was recorded at CR-3 from 5/12/2004 to 8/23/2005, an annual average of 12.9 
inches. 
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For purposes of assessing beneficial use support, the portion of the Cheyenne River examined in 
this study has been split into five segments (Figure 42). Sampling results and analysis are 
organized by stream segment and reported below. The upstream segment (“Segment 1”) begins 
at the SD/WY border and ends at the Cheyenne’s confluence with Beaver Creek. Segment 2 
begins at Beaver Creek and ends at the confluence with Cottonwood Creek at Edgemont. 
Segment 3 begins at Cottonwood Creek and ends at the confluence with Cascade Creek. 
Segment 4 begins at Cascade Creek at ends at Angostura Reservoir. The downstream segment 
(“Segment 5”) begins at Angostura dam and ends at the confluence with Fall River near 
Maverick Junction. Data for Segment 5 are reported because a sampling site (CR-4) was located 
at the upstream end of this segment. Data collected at CR-4 were used primarily to study 
hydrologic and chemical outflows from Angostura Reservoir, not to evaluate the Segment 5 
beneficial use support status. This portion of the river was not included in this study, thus 
analysis of Segment 5 is limited and no recommendations are made for the segment. 
 

 
Figure 42. Flow schematic of Cheyenne River study area. 

 
Cheyenne River – Segment 1 

The Cheyenne River from the Wyoming-South Dakota border to Beaver Creek has been 
assigned beneficial uses 5, 8, 9, and 10. These numbers correspond to warmwater semipermanent 
fish life propagation (5), limited contact recreation (8), fish and wildlife propagation, recreation 
and stock watering (9), and irrigation (10). This segment was monitored using site CR-1, located 
approximately 1 mile downstream of the Wyoming-South Dakota border. The USGS maintains a 
stream flow monitoring station (USGS 06386500) 4 miles upstream of the Wyoming-South 
Dakota border. 
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According to the 2004 303(d) list, Segment 1 of the Cheyenne River is non-supportive of uses 9 
and 10 due to high levels of total dissolved solids (TDS), sodium adsorption ratio (SAR) and 
specific conductivity (SC), while the support status of uses 5 and 8 was not determined due to 
insufficient information. Segment 1 is not listed on the 2002 303(d) list. Results from this study 
support the listed status of Segment 1 of the Cheyenne River on the 2004 303(d). The State 2006 
303(d) list includes Segment 1 of the Cheyenne River as impaired for uses 9 and 10. Results of 
this study support the listed status due to high levels of specific conductivity, SAR, and TDS. 
 
Table 53 lists parameters for which water quality criteria are established to protect beneficial 
uses of Segment 1, the number of samples collected, the percent of samples exceeding water 
quality criteria, the beneficial use(s) associated with the parameter, and support status. Values in 
parentheses are quarterly and monthly data collected by SD DENR at CR-1 from 2001-2003 
combined with monthly data collected during this study at CR-1, whereas values not in 
parentheses reflect only data collected during this study. Complete water quality results for CR-1 
are provided in Appendix A. 
 
Table 53. Comparison of water quality parameters to State water quality criteria established to protect 
beneficial uses of Cheyenne River Segment 1 at site CR-1, including percentage of samples exceeding criteria 
and support status of beneficial uses. Values in parentheses include samples collected by SD DENR from 
2001-2003 and samples collected during this study; values not in parentheses are data from this study only. 

Parameter Number of 
samples % Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial Use?17 

Alkalinity 18 (30) 0% (0%) 9 Yes 
Ammonia 19 (31) 0% (0%) 5 Yes 

Dissolved Oxygen 19 (31) 0% (0%) 5 Yes 
Fecal Coliform18 9 (15) 11.1% (6.7%) 8 Yes 
Hydrogen Sulfide 0 N/A 5 Unable to assess 

Nitrate/Nitrite 19 (31) 0% (0%) 9 Yes 
Oil and Grease 0 N/A 9 Unable to assess 

pH 19 (29) 0% (0%) 5 Yes 
SAR 19 (30) 68.4% (63.3%) 10 No 

Specific 
Conductivity 16 (28) 81.3% (57.1%) 10 No 

Temperature 20 (32) 0% (0%) 5 Yes 
Total Dissolved 

Solids 18 (30) 33.3% (30%) 9 No 

Total Suspended 
Solids 19 (31) 10.5% (9.7%) 5 Yes19 

Total Petroleum 
Hydrocarbons 0 N/A 9 Unable to assess 

  
                                                 
17 A waterbody is listed as impaired if at least 10% of samples from that waterbody exceed beneficial use criteria 
based on 20 or more samples; when there are less than 20 samples, 25% of the samples must exceed criteria. 
18 Fecal coliform was sampled 18 times at CR-1 throughout the study; the table reflects only those samples taken 
during the effective period of limited-contact recreation use (May 1 to September 30). 
19 Three TSS samples violated beneficial use 5. Two were collected during high stream flows after intense rainfall-
runoff events, the other was a monthly sample collected two weeks after the flood of June 13, 2005, while water 
levels were still relatively high. 
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Specific conductivity, TDS and SAR values frequently exceeded criteria meant to protect 
beneficial uses 9 and 10. A higher percentage of samples collected during this study for these 
parameters exceeded criterion than in samples collected by SD DENR from 2001-2003. Drought 
conditions during the study undoubtedly exacerbated the problem of high dissolved solids 
concentrations in the upper Cheyenne River. 
 
Although all temperature, pH, and dissolved oxygen values were within the range of support of 
beneficial use 5, two TSS samples collected during this study and one collected by SD DENR 
(10%) violated criterion meant to protect beneficial use 5. Two of these samples were collected 
during rainfall-runoff events and very high flows, and one monthly sample was collected 2 
weeks after the June 13, 2005 flood, while stream flow was still higher than average. Extremely 
high flows and associated scour and erosion are attributed to causing high TSS in the event 
samples. 
 
Segment 1 Flow Duration 
 
Figure 43 depicts flow duration curves for Cheyenne River at two sites. The upper line represents 
average daily flow data for the period 1948-1974 and 2003-2004 at USGS site 06386500, 
Cheyenne River near Spencer, WY. This site is located approximately 4 miles upstream of the 
Wyoming-South Dakota border (5 miles upstream of site CR-1). The lower line in the graph 
represents average daily flow data collected during this study at CR-1 from September 2003 to 
August 2005. Although the two gaging sites are at different locations, no streams enter the 
Cheyenne River between the sites and they are assumed close enough in proximity to allow for 
flow comparison.  
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Figure 43. Flow-duration curve at Cheyenne River site CR-1 (lower line) using 2 years of data (9/2003 – 
8/2005). Upper line is flow duration curve at USGS 06396500 (5 miles upstream from CR-1) using 27 years of 
data. 

 
The graph suggests that flows during the study period were less than average and implies that 
drought conditions were being experienced in the watershed. There was flow at CR-1 for about 
40% of the study period; the remainder of the period the stream was dry (or frozen). The stream 
flows 46% of the time based on 28 years of daily average discharge data at Spencer. More 
significantly, CR-1 stream flows during the study period are below long-term average by an 
order of magnitude or greater for a given flow duration interval. 
 
Cheyenne River Segment 1 Sampling Results 
 
Descriptive statistics for samples collected at CR-1 are shown in Table 54. The statistics 
represent monthly samples, one snowmelt sample, and 3 runoff-event samples collected during 
this study, and monthly and quarterly samples collected by SD DENR from 2001 to 2003. The 
table shows the number of samples taken (n), and the mean, median, standard deviation, 
minimum value, and maximum value of sample results for each parameter. CR-1 was dry during 
the months of August, September, and October 2004, and frozen during several winter months. 
This led to a reduction in the amount of samples that were collected to characterize CR-1 during 
the study period. 
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Table 54. Descriptive statistics for samples and field measurements collected during the study at Cheyenne 
River site CR-1, showing number of samples (n), sample mean, median, standard deviation, and minimum 
and maximum values. 

Parameter n Mean Median 
Standard 
Deviation Min Max 

Flow (cfs) 19 10.16 0.117 26.5 0 111 
Water Temp (°F) 31 62.4 64.2 15.2 31.6 89.8 

Spec Cond (µS/cm) 28 4628 4792 1850 440 8384 
pH 29 7.99 8.07 0.303 7.30 8.63 

D.O. (mg/L) 31 9.88 9.90 1.69 5.60 13.7 
Turbidity (NTU) 18 51.4 4.75 129 0.100 540 

Alk as CaCO3 (mg/L) 30 253 255 51.7 106 359 
Hardness as CaCO3 (mg/l) 30 1155 1123 456 530 2150 

P diss (mg/L) 31 0.014 0.011 0.012 0.001 0.040 
P total (mg/L) 31 0.136 0.030 0.426 0.001 2.36 
TKN (mg/L) 31 0.688 0.640 0.317 0.000 1.75 

Inorganic Nitrogen (mg/L)* 12 0.048 0.000 0.129 0.000 0.450 
Total Nitrogen (mg/L)* 12 0.741 0.665 0.442 0.000 1.95 

NO2 + NO3 (mg/L) 31 0.074 0.040 0.148 0.000 0.710 
NH3 diss (mg/L) 31 0.025 0.020 0.025 0.000 0.080 

SO4 (mg/L) 31 2487 2463 1179 412 4948 
Cl (mg/L) 31 84.0 83.0 35.1 4.00 153 
Ca (mg/L) 31 267 265 98.1 122 460 
Mg (mg/L) 31 125 118 54.8 51.6 243 
Na (mg/L) 30 833 828 350 196 1560 
K (mg/L) 19 13.3 13.8 3.15 7.87 19.3 

TDS TS-TSS (mg/l)* 19 4706 4830 1789 1870 7640 
TDS sum (mg/L)* 30 3820 3876 1679 800 7520 

SAR* 30 10.4 10.6 2.67 2.92 14.6 
TOC (mg/L) 18 8.81 8.33 2.11 5.41 13.4 
TVS (mg/L) 19 11.6 7.60 12.6 0.500 53.0 
TSS (mg/L) 31 255 19.0 1110 0.00 6200 
TS (mg/L) 31 4439 4580 1778 1732 7888 

Fecal Coliform (colonies/100ml) 15 1379 200 3804 5.00 15000 
* Calculated values 
 
FLUX Modeling Results for Cheyenne River Segment 1 
 
The FLUX model was used to estimate annual loads for Cheyenne River at site CR-1 (see FLUX 
section, page 160, for description of the FLUX modeling process). FLUX loading estimates for 
CR-1 are shown in Table 55. The table lists each parameter modeled, the number of samples 
collected for that parameter (n), the estimated load in kg/yr, and the coefficient of variation (CV) 
associated with the estimate.  
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Table 55. FLUX loading estimates for Cheyenne River site CR-1 with number of samples (n), annual load, 
and coefficient of variation (CV). Data includes samples collected during this study and samples collected by 
SD DENR from 2001 to 2003. 

Parameter n 
FLUX load 

(kg/yr) CV 
Alkalinity 30 717,180 0.137 
Ammonia, total as N 31 55 0.634 
Calcium 31 689,324 0.198 
Carbon, total organic 18 42,700 0.095 
Chloride 30 178,922 0.284 
Magnesium 31 252,599 0.039 
Nitrate/Nitrite 29 1,088 0.641 
Nitrogen, total Kjeldahl 30 4,837 0.096 
Phosphorous, total 29 1,266 0.130 
Phosphorous, total dissolved 31 71 0.232 
Potassium 19 32,602 0.201 
Sodium 29 1,167,422 0.285 
Solids, total suspended 30 2,026,143 0.326 
Solids, total volatile 19 130,471 0.501 
Solids, total 31 14,948,150 0.271 
Solids, total dissolved 30 8,419,527 0.050 
Sulfate 30 5,038,743 0.159 

 
Total Suspended Solids Exceedances 
 
Total suspended solids (TSS) criterion of 158 mg/L for beneficial use 5 (fish life) was violated in 
9.7% of samples collected by SD DENR from 2001-2003 and 10.5% of samples collected during 
this study. Figure 44 shows TSS versus discharge in samples collected at Cheyenne River site 
CR-1. TSS values generally increase as discharge increases. This is due to higher flows 
generating more shear stress on sediments and substrates, bringing them into suspension in the 
water column. At extremely high flows, the effect can be exacerbated by active erosion and 
scour, and sometimes bank failure in cases where banks are undercut and steep. 
 
Using South Dakota’s 10% exceedance rule, compliance with TSS criterion for beneficial use 5 
is questionable. One TSS exceedance occurred during the flood of June 13, 2005; the other 
sample that exceeded criterion was collected two weeks after the flood, while stream flow was 
still high. These exceedances are attributed to natural causes of sediment resuspension during 
high flows.  
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Figure 44. Total suspended solids versus stream flow at Cheyenne River site CR-1, with criterion. 

 
Total Dissolved Solids, Specific Conductivity, and Sodium Adsorption Ratio Exceedances 
  
Figure 45, Figure 46 and Figure 47 show total dissolved solids (TDS), specific conductivity 
(SC), and sodium adsorption ratio (SAR) samples collected during this study plotted against 
stream flow, with the dashed line being the State criterion. TDS criterion of 4375 mg/L for 
beneficial use 9 (fish and wildlife) was exceeded in 9 of the 30 monthly and quarterly samples 
(30%) collected during this study and those collected by SD DENR from 2001-2003. Violations 
all occurred during flows less than 0.2 cfs. SC values exceeded State criterion of 4375 μS/cm for 
beneficial use 10 (irrigation) in 15 out of 28 measurements (57%). Using data from this study 
alone, 13 out of 16 SC measurements (81%) exceeded criterion. SAR values at CR-1 violated 
beneficial use 10 (irrigation) criterion in 13 out of 19 samples (68%) collected during this study 
(63% of 30 samples from this study and SD DENR). All SAR violations except one occurred at 
flows less than 1.0 cfs. SD DENR data was not added to these graphs because no stream flow 
data was collected. 
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Figure 45. Total dissolved solids versus stream flow at CR-1, with criterion. 

 

 

Figure 46. Specific conductivity versus stream flow at CR-1, with criterion. 
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Figure 47. Sodium adsorption ratio versus discharge at CR-1, with criterion. 

 
TDS, SC, and SAR values display an inverse relationship to stream flow; i.e., measurements 
taken at higher flows tended to be lower, and those taken at lower flows tend to be higher. This is 
a prevalent pattern, and was displayed at most sampling sites during this study. 
 
Correlation of Conductivity, TDS, and SAR 
 
Because TDS and SC are both measurements of the relative concentration of dissolved ions in a 
water sample, sample data for these parameters should be highly correlated. This assumption was 
tested by plotting paired TDS concentrations and conductivity values. Figure 48 shows that 
specific conductivity measurements display high positive linear correlation with TDS 
concentrations for CR-1 samples, with a coefficient of determination R2 = 0.91. Therefore, it is 
safe to assume that measures taken to reduce State standard exceedances of one parameter will 
lead to reductions in exceedances of the other. 
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Figure 48. Correlation of total dissolved solids and specific conductivity at CR-1. 

 
Correlation of TDS and SAR is shown in Figure 49. The chart shows positive linear correlation 
of the two parameters, with a coefficient of determination R2 = 0.74. Therefore, it is safe to 
assume that measures taken to reduce State standard exceedances of one parameter will lead to 
reductions in exceedances of the other. 
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Figure 49. Correlation of total dissolved solids and sodium adsorption ratio at CR-1 

 
Total dissolved solids concentration shows high correlation with specific conductivity values and 
relatively good correlation with SAR values at CR-1. More sampling at CR-1 would provide for 
better estimates of correlation of these parameters. For TMDL purposes, it is reasonable to use 
TDS as a surrogate for both SC and SAR, and assume that measures taken to reduce TDS 
concentrations would also reduce SC and SAR values. This assumption would have to be 
validated by continued sampling for all three parameters. 
 
Summary and Recommendations for Cheyenne River Segment 1 
 
This study was undertaken during drought conditions in the Cheyenne River watershed. Results 
would likely be different were the study undertaken during normal-flow years. Analysis of 
sampled parameters show that the waterbody is supporting use 5 (warmwater semipermanent fish 
life) and use 8 (limited contact recreation), although TSS samples are borderline non-supporting 
of use 5.  
 
Analysis of SAR, TDS, and specific conductivity samples indicate that the Cheyenne River 
Segment 1 is not supporting beneficial uses 9 and 10 (irrigation and fish and wildlife 
propagation, recreation, and livestock watering). An antagonistic factor of low flows occurred 
throughout the study period, contributing to high SAR, TDS, and conductivity measurements. 
Measures to reduce TDS, SAR, and specific conductivity should be employed. An “off-ramp” 
regulatory approach to TDS, SAR and SC has been discussed among SD DENR officials for 
dealing with high values of these parameters during low flows. In anticipation of this change, no 
TMDL was written for SAR, TDS or SC for Segment 1 of the Cheyenne River. Authors 
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recommend continued monitoring of Segment 1 of the Cheyenne River to develop a better 
understanding of TDS, SC and SAR.  
 
Segment 1 compliance with TSS standards for use 5 is questionable. About 10% of samples 
(n=31) exceeded criterion for fish life use. These samples were collected during high flows 
caused by storm-runoff events when TSS would normally be naturally high. During times of low 
flow or normal flow, no TSS exceedances were observed. For this reason, no TMDL was 
formulated for this reach of the Cheyenne River. It is recommended that monitoring of TSS at 
CR-1 continue in order to adequately define long-term TSS trends and determine if a TMDL 
should be formulated in the future. It is further recommended that management practices aimed 
at reducing TSS concentrations in this reach of the Cheyenne River be employed to improve 
compliance with current TSS criteion. TSS exceedances occurred during high flows. This is 
believed to be a natural phenomenon. The authors recommend that the State of South Dakota 
develop an “off-ramp” approach to regulating TSS values at high flows. 
 
Cheyenne River – Segment 2 

The Cheyenne River from Beaver Creek to Cottonwood Creek has been assigned the beneficial 
uses warmwater semipermanent fish life propagation (5), limited contact recreation (8), fish and 
wildlife propagation, recreation and stock watering (9), and irrigation (10). This segment was 
monitored by site CR-2. 
 
Segment 2 is listed on both the 2002 and 2004 303(d) lists as non-supportive of uses 5, 9, and 10 
for high levels of specific conductivity (SC), total dissolved solids (TDS), and total suspended 
solids (TSS). The results of this study confirm the non-support status for uses 5, 9, and 10. 
Furthermore, SAR values were found to be exceeding State criterion for use 10. The segment is 
listed on the 2004 303(d) list as fully supportive of beneficial use 8. Fecal coliform levels, with 
18% exceedances, were found to be non-supportive of use 8. The 2006 303(d) list includes 
Segment 2 of the Cheyenne River as impaired for uses 5, 9, and 10 due to high levels of 
suspended solids, conductivity, SAR, and TDS. 
 
Table 56 lists parameters for which water quality criteria are established to protect beneficial 
uses of Segment 2, the number of samples collected at CR-2, the percentage of samples 
exceeding water quality criteria, the beneficial uses associated with the parameter, and support 
status. Values in parentheses are quarterly and monthly data collected by SD DENR at CR-2 
from 1967-2003 combined with monthly data collected during this study, whereas values not in 
parentheses reflect only data collected during this study. Analytical results for CR-2 water 
quality samples are provided in Appendix A. 
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Table 56. Comparison of water quality parameters to State water quality criteria established to protect 
beneficial uses of Cheyenne River Segment 2, including percentage of samples exceeding criteria and support 
status of beneficial uses. Values in parentheses include samples collected by SD DENR from 2001-2003 and 
samples collected during this study; values not in parentheses are data from this study only. 

Parameter Number of 
samples % Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial Use at 

Site?20 
Alkalinity 27 (220) 0% (0%) 9 Yes 
Ammonia 28 (252) 0% (1.2%) 5 Yes 

Dissolved Oxygen 27 (50) 0% (0%) 5 Yes 
Fecal Coliform21 11 (107) 18.2% (11.2%) 8 Yes 
Hydrogen Sulfide 0 N/A 5 Unable to assess 

Nitrate/Nitrite 28 (209) 0% (0%) 9 Yes 
Oil and Grease 0 N/A 9 Unable to assess 

pH 28 (213) 0% (0%) 5 Yes 
SAR 28 (137) 14.3% (10.9%) 10 No 

Specific 
Conductivity 26 (264) 61.5% (50.4%) 10 No 

Temperature 29 (273) 3.4% (1.1%) 5 Yes 
Total Dissolved 

Solids 25 (261) 32.0% (31.8%) 9 No 

Total Suspended 
Solids 28 (268) 14.3% (25.7%) 5 No 

Total Petroleum 
Hydrocarbons 0 N/A 9 Unable to assess 

 
Sample results indicate that SAR, specific conductivity, total dissolved solids, and total 
suspended solids are violating criteria meant to protect beneficial uses of Cheyenne River 
Segment 2. Two fecal coliform samples (18%) exceeded use 8 criterion. One fecal coliform 
sample at CR-2 exceeded criterion during an extreme storm runoff event, the other violation was 
measured during a regular monthly sample with very low flow. 14% of SAR samples, 62% of SC 
samples, and 32% of TDS samples exceeded criteria for uses 9 and 10. Total suspended solids 
criterion meant to protect use 5 (fish life) was violated with 14% exceedances. TSS violations 
occurred during three storm event samples and one snowmelt-runoff-event sample. Three 
ammonia samples exceeded criterion; these were collected in the winters of 1977 and 1978, and 
are believed to be the result of waste water treatment pond releases. The WWTP has since 
applied for and received a NPDES discharge permit; no exceedances of ammonia criterion have 
been recorded since. 
 
Cheyenne River Segment 2 Sampling Results 
 
Descriptive statistics for samples collected at CR-2 are shown in Table 57. Samples collected 
during this study are listed in regular font, and include monthly samples, one snowmelt sample, 
and four runoff-event samples; italicized rows are monthly and quarterly samples collected at 
CR-2 by SD DENR from 1967 to 2003. The table shows the number of samples taken (n), and 
                                                 
20 A waterbody is listed as impaired if at least 10% of samples from that waterbody exceed beneficial use criteria 
based on 20 or more samples; when there are less than 20 samples, 25% of the samples must exceed criteria. 
21 Fecal coliform was sampled 23 times during this study (227 times since 1967) at CR-2;  the table reflects only 
those samples taken during the effective period of limited-contact recreation use (May 1 to September 30). 
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the mean, median, standard deviation, minimum value, and maximum value of sample results for 
each parameter. 
 
Table 57. Descriptive statistics for samples and field measurements at Cheyenne River site CR-2, showing 
number of samples (n), sample mean, median, standard deviation, and minimum and maximum values. Rows 
in italics are data collected by SD DENR from 1967-2003; non-italicized rows are data collected during this 
study. 

Parameter n Mean Median 
Standard 
Deviation Min Max 

Flow (cfs) 28 28.2 8.79 88.5 0.010 473 
Flow (cfs)(Average daily) 245 51.4 16.0 118 0.00 1170 

Temperature (°F) 29 54.6 56.7 16.4 31.8 90.5 
Temperature (°F) 244 53.9 52.9 18.0 32.0 92.0 

Spec Cond (µS/cm) 26 5163 5412 1734 1742 8100 
Spec Cond (µS/cm) 238 4302 4300 1745 355 8450 

pH 28 7.94 8.01 0.308 6.90 8.42 
pH 185 7.94 7.96 0.246 7.10 8.48 

D.O. (mg/L) 27 10.5 9.74 2.42 5.79 15.9 
D.O. (mg/L) 23 9.96 10.2 1.86 5.70 13.7 

Turbidity (NTU) 27 69.5 4.10 183 1.10 873 
Alk as CaCO3 (mg/L) 27 187 191 57.7 2.50 293 
Alk as CaCO3 (mg/L) 193 208 202 62.6 70.0 496 

Hardness as CaCO3 (mg/l) 26 1559 1636 502 334 2415 
Hardness as CaCO3 (mg/l) 153 1322 1326 606 148 2770 

NO2 + NO3 (mg/L) 28 0.347 0.055 0.680 0.005 3.08 
NO2 + NO3 (mg/L) 181 0.372 0.178 0.453 0.00 3.60 

Organic Nitrogen (mg/L) 22 0.773 0.570 1.19 0.00 4.80 
Inorganic Nitrogen (mg/L) 22 0.238 0.050 0.365 0.00 1.50 

Total Nitrogen (mg/L) 23 0.963 0.590 1.30 0.00 5.57 
P diss (mg/L) 28 0.021 0.005 0.030 0.005 0.110 
P diss (mg/L) 211 0.042 0.017 0.137 0.00 1.88 
P total (mg/L) 28 0.116 0.030 0.248 0.005 1.25 
P total (mg/L) 138 0.138 0.038 0.344 0.00 2.22 

NH3 diss (mg/L) 28 0.046 0.050 0.027 0.005 0.120 
NH3 diss (mg/L) 224 1.54 0.040 14.8 0.00 206 

TKN (mg/L) 28 0.714 0.510 0.591 0.140 2.90 
TKN (mg/L) 27 0.733 0.550 1.08 0.00 4.80 
SO4 (mg/L) 28 2129 1936 862 512 3975 
SO4 (mg/L) 48 1829 1929 702 382 3720 
Ca (mg/L) 28 386 412 113 85.4 540 
Ca (mg/L) 122 315 300 149 24.0 614 
Cl (mg/L) 28 493 492 194 93.3 915 
Cl (mg/L) 5 524 537 252 198 859 

Mg (mg/L) 28 144 138 55.8 29.3 259 
Mg (mg/L) 122 115 101 60.6 8.00 301 
Na (mg/L) 28 699 640 328 199 1400 
Na (mg/L) 109 557 543 313 7.00 1540 
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Parameter n Mean Median 
Standard 
Deviation Min Max 

K (mg/L) 28 9.80 9.20 4.46 3.80 18.6 
K (mg/L) 46 10.2 9.70 3.81 4.00 23.0 

TDS sum (mg/L) 25 3958 4041 1395 1130 6878 
TDS sum (mg/L) 236 3507 3430 1579 4.32 7610 

SAR 28 7.57 7.49 2.61 3.42 12.8 
SAR 109 6.74 6.91 2.86 0.142 14.0 

TOC (mg/L) 27 5.40 4.60 3.42 1.78 17.6 
TSS (mg/L) 28 120 21.0 297 1.20 1454 
TSS (mg/L) 240 538 31.5 1588 0.00 16310 
TVS (mg/L) 28 23.2 9.22 39.8 0.250 191 

Fecal (colonies/100mL) 11 1188 650 1716 50.0 5300 
Fecal (colonies/100mL) 96 825 175 2512 3.00 22000 

 
The mean and median stream flow for samples collected at CR-2 during this study are just over 
half of that for samples taken the previous 36 years. Mean and median values of SC, TDS and 
SAR are higher in samples collected during this study. This is attributable to low flows caused 
by watershed drought conditions that occurred during the study period, elevating concentrations 
of these parameters beyond their criterion values. 
 
Flow Duration Curves 
 
The flow duration curve for CR-2 (USGS 06395000) is shown in Figure 50. The curve labeled 
“historical data” in Figure 50 represents all data collected at CR-2 before this study began. This 
includes daily averages from 1903-1906, 1928-1933, and 1946-2003. The dashed curve 
represents average daily discharge data collected at CR-2 from 9/2003 and 8/2005. The curves 
show that the Cheyenne River at CR-2 was experiencing less-than-average flows during the 
study period, especially in the high-flow regime, where flows at a given flow-duration interval 
were an order of magnitude less than long term average. 
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Flow Duration Curves for Cheyenne River Site CR-2
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Figure 50. Flow duration curves for CR-2 (USGS 06395000, Cheyenne River at Edgemont) for study period 
and prior to study period. 

 
FLUX Modeling Results for Cheyenne River Segment 2 
 
The FLUX model was used to estimate annual loads for Cheyenne River Segment 2 (see FLUX 
section, page 160, for description of the FLUX modeling process). FLUX loading estimates for 
CR-2 are shown in Table 58. The table lists each parameter modeled, the number of samples 
collected for that parameter (n), the estimated annual load in kg/yr, and the coefficient of 
variation (CV) associated with the estimate. 
 
Table 58. FLUX loading estimates for Cheyenne River Segment 2 (at site CR-2), with number of samples (n), 
estimated annual load, and coefficient of variation (CV). Data for CR-2 include samples collected during this 
study and samples collected by SD DENR from 1967 to 2003. 

Parameter n 
FLUX load 

(kg/yr) CV 
Alkalinity 214 8,011,139 0.034 
Ammonia, total as N 242 6,181 0.171 
Calcium 181 9,468,854 0.064 
Carbon, total organic 27 524,757 0.177 
Chloride 70 10,746,440 0.142 
Magnesium 181 3,399,986 0.088 
Nitrate/Nitrite 217 26,965 0.197 
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Parameter n 
FLUX load 

(kg/yr) CV 
Nitrogen, total Kjeldahl 45 152,694 0.538 
Phosphorous, total 196 33,591 0.276 
Phosphorous, total dissolved 230 3,943 0.107 
Potassium 95 379,033 0.122 
Sodium 155 13,389,070 0.078 
Solids, total suspended 260 142,160,000 0.212 
Solids, total volatile 28 2,911,270 0.276 
Solids, total 261 232,592,200 0.104 
Solids, total dissolved 256 102,448,300 0.074 
Sulfate 70 48,556,010 0.125 

 
Segment 2 Specific Conductivity, Total Dissolved Solids, and Sodium Adsorption Ratio 
Exceedances 
 
Fifty-percent of historic SC samples at CR-2 exceed current SC criterion established to protect 
beneficial use 10; 62% of measurements taken during this study exceeded criterion. Specific 
conductivity samples at CR-2 are shown plotted against stream flow in Figure 51. Samples 
collected from 1968 to 2003 are shown as asterisks, while samples collected during this study are 
shown as circles. The chart shows that conductivity is inversely related to stream flow.  
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Specific Conductivity vs. Streamflow at CR-2
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Figure 51. Specific conductivity plotted against stream flow at CR-2. Asterisks are historic data 1968-2003; 
circles are data collected during this study from 2003-2005. The dashed line is the State criterion for 
beneficial use 10 (irrigation). 

 
Figure 52 is a flow-weighted specific conductivity graph for Cheyenne River site CR-2. The 
curve in this graph is average daily discharge values from 70 years of record plotted by flow 
duration interval. The points are specific conductivity values multiplied by discharge and divided 
by SC criterion (4375 µS/cm) to produce flow-weighted specific conductivity values. Specific 
conductivity values were multiplied by 1.1 to include a 10% MOS. Thus, any point falling above 
the curve represents an exceedance of specific conductivity criterion meant to protect the use of 
irrigation.  
 
Exceedances begin to be seen at flows less than 40 cfs and are the norm at flows less than 20 cfs. 
At flows less than about 7 cfs, almost every sample violates State criterion. 
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Flow-Weighted Specific Conductivity at CR-2
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Figure 52. Flow-weighted specific conductivity chart for Cheyenne River at CR-2. Curve is flow duration 
interval for USGS historic discharge data. Conductivity values are data collected at CR-2 from 1968-2005 
multiplied by discharge and divided by the SC to produce flow-weighted values. The curve represents the 
State criterion; points falling above the curve are exceedances. 

 
Total dissolved solids (TDS) samples at CR-2 are shown plotted against stream flow in Figure 
53. Samples collected from 1967 to 2003 are shown as asterisks, while samples collected during 
this study are shown as circles. The chart shows that TDS is inversely related to stream flow, a 
pattern displayed at all other sampling sites during this study. Thirty-two percent of historic TDS 
samples from 1967-2003 and samples collected during this study at CR-2 violate current TDS 
criterion meant to protect beneficial use 9. 
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Total Dissolved Solids vs. Streamflow at CR-2
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Figure 53. Total dissolved solids (TDS) plotted against stream flow at CR-2. Asterisks are historic data 1967-
2003; circles are data collected during this study from 2003-2005. The dashed line is the State criterion for 
beneficial use 9 (wildlife). 

 
Figure 54 shows a load-duration curve for TDS at Cheyenne River site CR-2. The solid line is 
the load criterion curve, constructed by multiplying 70 years of ranked average daily flow data 
by the TDS criterion for Cheyenne River (4375 mg/L), and plotted by flow duration interval. The 
criterion curve has been multiplied by 0.9 to include MOS. This represents the maximum 
allowed TDS load for the flow-regime at CR-2. TDS concentrations of samples taken from 1967 
to 2005 were converted to loads and are plotted as asterisks. Any samples falling above the line 
indicates an exceedance of the State TDS criterion meant to protect beneficial use 9 (wildlife). 
Exceedances occur mostly in the low-flow range, and increase as flow decreases. 
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TDS Load Duration Curve for CR-2
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Figure 54. Load duration curve for TDS at CR-2 in tons/year. The curve represents a TDS concentration of 
4375 mg/L. Points falling above the curve represent exceedances of the State criterion. 

 
Sodium adsorption ratio (SAR) samples at CR-2 are shown plotted against stream flow in Figure 
55. Samples collected from 1967 to 2003 are shown as asterisks, while samples collected during 
this study are shown as circles. Eleven percent of historic SAR samples from 1967-2003 violated 
criterion meant to protect beneficial use 10; 14% of samples collected during this study at CR-2 
violated criterion. The chart shows that SAR is inversely related to stream flow, a pattern 
displayed at all other sampling sites during this study.  
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Sodium Adsorption Ratio vs. Streamflow at CR-2
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Figure 55. Sodium adsorption ratio (SAR) plotted against stream flow at CR-2. Asterisks are historic data 
1967-2003; circles are data collected during this study from 2003-2005. The dashed line is the State criterion 
for beneficial use 10 (irrigation). 

 
Figure 56 shows a flow-weighted specific conductivity chart for CR-2. The curve in this graph is 
average daily discharge values from 70 years of record plotted by flow duration interval. The 
curve was multiplied by 0.9 to include MOS. The points are specific conductivity values 
multiplied by discharge and divided by SC criterion (4375 µS/cm) to produce flow-weighted 
values. The curve represents the State criterion. Thus, any point falling above the curve 
represents an exceedance of specific conductivity criterion meant to protect the use of irrigation. 
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Figure 56. Flow-weighted SAR chart for Cheyenne River at CR-2. The curve represents a SAR value of 10. 
Points falling above the curve are exceedances. 

 
Segment 2 Total Suspended Solids Exceedances 
 
TSS samples exceeded beneficial use 5 criterion in 4 out of 28 samples (14%) collected during 
this study at CR-2. From 1967 to 2003, 240 TSS samples have been collected at CR-2. Of these, 
65 exceeded State standards, an exceedance ratio of 26%, nearly double that which occurred 
during this study. The lower-than-average exceedance ratio during this study can be attributed to 
drought conditions. Monthly samples were often collected during very low stream flows, and 
were relatively clear compared to samples collected at higher flows. Of the four samples 
collected during this study that exceeded standards, three were storm-event related and one was a 
sample collected during spring snowmelt. 
 
Figure 57 shows a TSS load duration curve for CR-2. The curve represents beneficial use 
criterion for TSS (with 10% MOS) at the flow regime constructed from historic average daily 
discharge data at CR-2. Asterisks are samples collected from 1967 to 2003, and circles are 
samples collected during this study. TSS exceedances occur most often at higher flows, which is 
the norm for a watershed of this magnitude in size, and are attributable to non-point source 
erosion and sediment resuspension. High flows scour banks and resuspend sediment deposits, 
and can cause bank failure and mass wasting along poorly vegetated, undercut, and steep banks 
in the riparian zone.  
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CR-2 Total Suspended Solids Load Duration Curve
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Figure 57. TSS suspended solids load duration curve for Cheyenne River site CR-2. The curve represents a 
TSS value equal to the State criterion of 158 mg/l. Samples from 1968-2003 are plotted as asterisks; circles 
are samples collected during this study.  

 
Sampling results from historic TSS data collected at CR-2 show many exceedances in the high-
flow range, although several exceedances occurred at mid and low flows. Data collected during 
this study indicate that the Cheyenne River Segment 2 exceeds total suspended solids criterion 
during rainfall-runoff events and spring snowmelt. Exceedances at high-flow regimes are 
typically caused by non-point sources, and management options to reduce TSS loads in this 
range are usually limited by technical and economic feasibility. High TSS concentrations are 
typical for large watersheds during heavy storm runoff events. Authors believe that high TSS 
that occurred during the storm event sampling is natural. 
 
Summary and Recommendations for Cheyenne River Segment 2 
 
The Cheyenne River Segment 2, from Beaver Creek to the Cheyenne’s confluence with 
Cottonwood Creek at Edgemont, is non-supportive of beneficial uses 5, 9, and 10 (warmwater 
semipermanent fish life, irrigation, and fish and wildlife propagation, recreation, and stock 
watering), due to high levels of TDS, SC, SAR, and TSS. Assigned use 8 (limited contact 
recreation) is in full support, although the low number of fecal coliform samples makes it 
difficult to determine support status of use 8 with any certainty. 
 
One sampling site was used to evaluate support of assigned uses in Segment 2 of the Cheyenne 
River. CR-2 was located at Edgemont just upstream of the Cheyenne’s confluence with 
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Cottonwood Creek. 32% of samples at CR-2 violated TDS criterion, 62% of samples violated SC 
criterion, and 14% of samples violated SAR criterion. Authors believe high TDS, SAR, and SC 
values recorded during this study are due to high natural background levels exacerbated by 
drought conditions occurring in the watershed. TDS, SAR, and SC levels increase when stream 
levels are low due to a higher percentage of water lost to evapotranspiration and a greater 
percentage of streamwater originating in stream banks and from groundwater where longer 
contact time with substrates results in high amounts of these substances. An “off-ramp” 
regulatory approach to TDS, SAR and SC has been discussed among SD DENR officials for 
dealing with high values of these parameters during low flows. In anticipation of this change, no 
TMDL was written for SAR, TDS or SC for Segment 2 of the Cheyenne River. 
 
Total suspended solids samples exceeded State standards for fish life use at site CR-2 mostly 
during high flows, although some mid-flow exceedances were observed. This is believed to be a 
natural phenomenon. It is expected that TSS increases with flow, as sediments deposited at low 
flows will get resuspended at higher flows as energy becomes available for sediment transport, 
and erosion will be accelerated at higher stream flow velocities. Point sources of sediment in the 
watershed are believed to be non existent; sediment sources are streambank erosion, sediment 
resuspension, and overland runoff during high flows. Nevertheless, the stream riparian corridor 
should be examined and management practices should be employed in areas that are noticeably 
inundated by livestock or have severe erosion problems such as undercut banks or absence of 
riparian and bank vegetation. Sampling should continue at CR-2 to quantify reductions 
associated with utilization of management practices. 
 
Construction of wetlands should take place in all areas and drainages entering the Cheyenne 
River. Wetlands will serve to help retain storm waters, reducing the highest flows in the river and 
increasing the lowest flows, and potentially reducing values of TSS TDS, SAR, and SC. 
 
Cheyenne River – Segment 3 

Cheyenne River Segment 3 extends from Cottonwood Creek at Edgemont to the confluence with 
Cascade Creek. No sampling sites were established on this segment. Flow contribution to the 
Cheyenne River in this segment includes Hat Creek and several small intermittent streams. 
Water quality of the Cheyenne River changes dramatically at the confluence with Cascade 
Creek. It is recommended that a sampling site be established on the Cheyenne River just 
upstream of the confluence with Cascade Creek. A site located here would be easily accessible 
and is located within a short walking distance from Highway 71. Samples collected at a site 
located upstream of Cascade Creek could be compared with samples collected at CR-2 and CR-3 
to quantify additional load contributions from Hat Creek, Cottonwood Creek, the riparian 
corridor and smaller ephemeral tributaries in Segment 3. 
 
Cheyenne River – Segment 4 

The Cheyenne River from Cascade Creek to Angostura Reservoir (Segment 4) has been assigned 
the beneficial uses warmwater semipermanent fish life propagation (5), limited contact recreation 
(8), fish and wildlife propagation, recreation and stock watering (9), and irrigation (10). This 
segment was monitored by site CR-3. 
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Segment 4 is listed on both the State 2002 and 2004 303(d) lists as non-supportive of uses 5, 9, 
and 10 for high levels of specific conductivity (SC), total dissolved solids (TDS), and total 
suspended solids (TSS). The 2006 303(d) list includes the segment as non-supportive of use 10 
due to high sodium adsorption ratio (SAR) values. The results of this study support the listed 
status of use 5, but do not, however, support the listed status of uses 9 and 10. The segment is 
listed on the 2004 303(d) list as fully supportive of beneficial use 8. Results of this study confirm 
listed status as fully supportive of beneficial use 8. 
 
Table 59 lists parameters for which water quality criteria are established to protect beneficial 
uses of Segment 4, the number of samples collected at CR-3, the percentage of samples 
exceeding water quality criteria, the beneficial uses associated with the parameter, and support 
status. Complete analytical results for CR-3 water quality samples are provided in Appendix A. 
 
Table 59. Comparison of water quality parameters to State water quality criteria established to protect 
beneficial uses of Cheyenne River (Segment 4) at site CR-3, including percentage of samples exceeding 
criteria and support status of the beneficial uses.  

Parameter Number of 
samples % Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial Use 

at Site?22 
Alkalinity 29 0% 9 Yes 
Ammonia 30 0% 5 Yes 
Dissolved 
Oxygen 28 0% 5 Yes 

Dissolved 
Oxygen 

Continuous 
monitoring 1.65% 5 Yes 

Fecal Coliform23 11 9.1% 8 Yes 
Hydrogen 

Sulfide 0 N/A 5 Unable to assess 

Nitrate/Nitrite 30 0% 9 Yes 
Oil and Grease 0 N/A 9 Unable to assess 

pH 28 3.6% 5 Yes 

pH Continuous 
monitoring 0% 5 Yes 

SAR 30 0.0% 10 Yes 
Specific 

Conductivity 26 0.0% 10 Yes 

Specific 
Conductivity 

Continuous 
monitoring 0.2% 10 Yes 

Temperature 30 0.0% 5 Yes 

Temperature Continuous 
monitoring 0.01% 5 Yes 

Total Dissolved 
Solids 26 0.0% 9 Yes 

Total Suspended 
Solids 30 13.3% 5 No 

                                                 
22 A waterbody is listed as impaired if at least 10% of samples from that waterbody exceed beneficial use criteria 
based on 20 or more samples; when there are less than 20 samples, 25% of the samples must exceed criteria. 
23 Fecal coliform was sampled 26 times during this study at CR-3;  the table reflects only those samples taken during 
the effective period of limited-contact recreation use (May 1 to September 30). 
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Parameter Number of 
samples % Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial Use 

at Site?22 
Total Petroleum 
Hydrocarbons 0 N/A 9 Unable to assess 

 
Sample results indicate that 4 out of 30 TSS samples (13%) at CR-3 exceeded criterion meant to 
protect use 5 (fish life). TSS violations occurred during three storm event samples and one 
snowmelt-runoff-event sample. One fecal coliform sample out of 11 (9.1%) exceeded use 8 
criterion meant to protect limited contact recreation use. This sample was collected during the 
extreme storm runoff event that occurred on June 13, 2005. No TDS, SAR, or conductivity 
samples exceeded criteria meant to protect uses 9 and 10. Continuous (15-minute) monitoring of 
specific conductivity, temperature, pH, and dissolved oxygen shows that these parameters are not 
exceeding State standards. 
 
Sampling Results - Cheyenne River Segment 4 
 
Descriptive statistics for samples collected at CR-3 are shown in Table 60, including monthly 
samples, one snowmelt sample and five event samples. The table shows the number of samples 
taken (n), and the mean, median, standard deviation, minimum value, and maximum value of 
sample results for each parameter. 
 
Table 60. Descriptive statistics for samples and field measurements at Cheyenne River site CR-3, including 
number of samples (n), sample mean, median, standard deviation, and minimum and maximum values.  

Parameter n Mean Median 
Standard 
Deviation Min Max 

Flow (cfs) 30 85.7 31.1 269 13.4 1500 
Water Temp (°F) 30 57.4 55.5 12.6 32.0 81.0 

Spec Cond (µS/cm) 26 2797 2917 532 763 3495 
pH 28 7.95 8.04 0.360 6.40 8.27 

D.O. (mg/L) 28 10.3 10.2 1.37 7.90 13.8 
Turb (NTU) 27 75.9 3.30 262 0.500 1262 

Alk as CaCO3 (mg/L) 29 168 175 37.2 2.50 219 
Hardness as CaCO3 (mg/l) 28 1475 1588 370 228 1863 

NO2 + NO3 (mg/L) 30 0.455 0.234 0.851 0.050 4.11 
NH3 diss (mg/L) 30 0.045 0.050 0.025 0.005 0.120 

TKN (mg/L) 30 0.631 0.356 1.22 0.100 6.80 
P diss (mg/L) 30 0.014 0.005 0.014 0.005 0.060 
P total (mg/L) 30 0.122 0.019 0.315 0.005 1.60 
SO4 (mg/L) 30 1433 1495 306 255 1706 
Cl (mg/L) 30 132 134 63.0 41.6 277 
Ca (mg/L) 30 447 486 117 63.5 597 
Mg (mg/L) 30 89.0 93.6 19.5 16.9 112 
Na (mg/L) 30 154 163 81.2 37.9 297 
K (mg/L) 30 7.34 6.94 2.01 3.37 14.1 

SAR 30 1.83 1.82 1.01 0.409 3.68 
TDS sum (mg/L) 26 2357 2471 486 527 2928 
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Parameter n Mean Median 
Standard 
Deviation Min Max 

TOC (mg/L) 30 3.19 1.77 4.28 0.500 20.7 
TVS (mg/L) 30 28.5 4.95 69.4 0.250 277 
TSS (mg/L) 30 178 10.0 678 0.866 3652 
TS (mg/L) 30 2794 2683 347 2298 4137 

Fecal coliform (colonies/100ml) 11 1135 80.0 3276 20.0 11000 
 
It is interesting to note the difference between TDS, SC, and SAR statistics and criterion 
exceedances for Segment 2 and Segment 4 (sites CR-2 and CR-3). Although Segment 2 and 4 
have the same designated uses, the Cheyenne River flow regime and water quality change 
dramatically at the River’s confluence with Cascade Creek, especially during low flows in the 
Cheyenne. Upstream of Cascade Creek, the Cheyenne River is often reduced to a trickle, causing 
TDS, SC, and SAR values to become elevated, often beyond the criterion value. The constant, 
relatively low TDS stream flow contributed by Cascade Creek prevents the Cheyenne River from 
drying up or becoming exceedingly salty, and largely controls the flow regime and water 
chemistry during times of low or no stream flow upstream of the confluence. The Cascade Creek 
watershed is relatively small and marked with numerous sinkholes upstream of Cascade Springs; 
intense rainstorms do not seem to add significant stream flow to the 20 cfs that continually flows 
from the Springs. During times of high flow in the Cheyenne (spring runoff and storm events), 
this contribution is masked by the much higher flows in the River, and water quality in the 
Cheyenne is controlled by processes taking place upstream. Given the inverse relationship 
between dissolved solids and stream flow, and considering the high contribution of relatively low 
TDS waters from Cascade Creek, it is easy to see why Segment 4 maintains relatively low values 
of TDS, SC and SAR as compared to Segment 2. Exceedances of these parameters at other sites 
in the watershed are found almost always at very low flows that flow contribution from Cascade 
Creek prevents from occurring. For these reasons, the authors recommend that the segment of 
Cheyenne River below Cascade Creek should be considered a separate segment for purposes of 
evaluating support of beneficial use. Furthermore, because Cascade Creek contributes continuous 
flow of about 20 cfs, fish-life beneficial use of the Cheyenne River from the confluence with 
Cascade Creek to Angostura Reservoir should be changed from warmwater semipermanent to 
warmwater permanent. 
 
Flow Duration Curve – Cheyenne River Segment 4 
 
The flow duration curve for CR-3 is shown in Figure 58. The curve is based on average daily 
discharge data collected from 10/2003 to 9/2005. Comparison to the flow duration curve for 
Segment 2 (CR-2) in Figure 50 shows the increased flow duration of Segment 4 due to the 
constant flow contributions from Cascade Creek. For example, while CR-2 had flow greater than 
10 cfs only 58% of the time, CR-3 had flow greater than 10 cfs about 99% of the time. 
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Flow Duration Curve for Cheyenne River Site CR-3
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Figure 58. Flow duration curve for Cheyenne River site CR-3 constructed from average daily flow data 
collected from 10/2003 to 9/2005. 

 
FLUX Modeling Results for Cheyenne River Segment 4 
 
The FLUX model was used to estimate annual loads for Cheyenne River Segment 4 (see FLUX 
section, page 160, for description of the FLUX modeling process). FLUX loading estimates at 
site CR-3 are shown in Table 61. The table lists each parameter modeled, the number of samples 
collected for that parameter (n), the estimated annual load in kg/yr, and the coefficient of 
variation (CV) associated with the estimate. The column labeled “difference” is the increase in 
load from Segment 2 (CR-2) to Segment 4 (CR-3). 
 
Table 61. FLUX loading estimates for Cheyenne River site CR-3, with number of samples (n), estimated 
annual load, coefficient of variation (CV), and increase in load from CR-2 to CR-3 (difference). 

Parameter n 
FLUX load 

(kg/yr) CV 
Difference 

(kg/yr) 
Alkalinity 28 6,534,614 0.086 -1,476,525 
Ammonia, total as N 30 1,973 0.115 -4,208 
Calcium 30 13,116,610 0.027 3,647,756 
Carbon, total organic 30 363,326 0.348 -161,431 
Chloride 30 4,941,202 0.247 -5,805,238 
Magnesium 30 2,764,941 0.205 -635,045 
Nitrate/Nitrite 30 14,260 0.27 -12,705 
Nitrogen, total Kjeldahl 30 95,685 0.484 -57,009 



Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 140 
 

Parameter n 
FLUX load 

(kg/yr) CV 
Difference 

(kg/yr) 
Phosphorous, total 30 20,589 0.486 -13,002 
Phosphorous, total dissolved 30 674 0.083 -3,269 
Potassium 30 289,912 0.047 -89,121 
Sodium 30 6,298,202 0.253 -7,090,868 
Solids, total suspended 30 51,015,000 0.592 -91,145,000 
Solids, total volatile 30 3,437,926 0.326 526,656 
Solids, total 30 133,041,500 0.105 -99,550,700 
Solids, total dissolved 26 78,360,740 0.148 -24,087,560 
Sulfate 30 47,076,040 0.129 -1,479,970 

 
FLUX model input for CR-2 includes data from 1967-2005; input for CR-3 are data collected in 
this study (9/2003 – 8/2005). The last column of Table 61 shows the difference in the estimated 
annual loads of each parameter at CR-2 and CR-3. Lower loadings at CR-3 during the study 
period than those estimated for CR-2 from long-term data are likely the result of drought 
conditions in the watershed during the study period. Because CR-3 is downstream of CR-2 and 
has additional load contribution from several large drainages, it is expected that CR-3 samples 
would show higher loadings than CR-2 in a normal-flow year. 
 
Segment 4 Total Suspended Solids Exceedances 
 
Four out of thirty samples (13%) collected at CR-3 during this study exceeded TSS criterion of 
153 mg/l. Three of these samples were collected during rainfall/runoff events, and one was 
collected during a spring snowmelt-runoff event. Figure 59 shows the LDC for TSS for site CR-
3. The curve represents the State criterion (with 10% MOS) in tons per year; asterisks are 
samples. Three of the exceedances occurred in the top 2% of flow duration. 
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TSS Load Duration Curve for Cheyenne River Site CR-3
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Figure 59. TSS suspended solids load duration curve for Cheyenne River site CR-3. The curve represents the 
TSS State criterion of 158 mg/l. Samples from 2003-2005 are plotted as asterisks. 

 
Summary and Recommendations for Cheyenne River Segment 4 
 
The Cheyenne River Segment 4, from Cascade Creek to Angostura Reservoir, is fully supporting 
beneficial uses 9 and 10 (irrigation and fish, wildlife propagation, recreation, and stock 
watering). Segment 4 is supporting use 8 (limited contact recreation), although the low number 
of fecal coliform samples makes it difficult to determine support status of use 8 with any 
certainty. Use 5 (fish life) is not being supported due to high levels of TSS in samples collected 
during storm runoff events and spring snowmelt runoff events. 
 
One sampling site was used to evaluate support status of assigned uses in Segment 4 of the 
Cheyenne River. CR-3 was located approximately 1 mile downstream of the Highway 71 bridge. 
No samples at CR-3 violated TDS, SAR, or SC criteria. These results show the effect of Cascade 
Creek’s relatively low TDS contributions to the Cheyenne River. Cascade Creek continually 
contributes about 20 cfs to the Cheyenne River, which often exceeds the flow in the River 
upstream of the confluence. The source of Cascade Creek water is Cascade Springs, a 
perpetually flowing artesian springs. Water from Cascade Springs is of consistent quality, with 
little deviation in concentration of chemical constituents over time. TDS values from Cascade 
Creek water average about 2231 mg/l, and SAR values average 0.41. This has the effect of 
diluting high TDS and SAR waters in the Cheyenne River. 
 
Total suspended solids samples exceeded State standards for fish life use in Segment 4 mostly 
during high flows, although one mid-flow exceedance was observed. Out of four exceedances (in 
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30 samples), two were observed during storm runoff events and one was observed during a 
spring snowmelt runoff event. This is believed to be a natural phenomenon. It is expected that 
TSS increase with flow. Higher stream flows cause greater stream flow velocities, which in turn 
create greater shear stress on sediments and stream banks. Sediment that drops out at low flows 
will get resuspended at higher flows as energy becomes available for sediment transport, and 
erosion will be accelerated during higher stream flow velocities. Hat Creek (in Cheyenne River 
Segment 3), with its Pierre Shale sediments, is likely a large source of sediment to the Cheyenne 
River. Hat Creek waters contain very fine suspended colloidal particles that are easily 
transported and do not readily settle. During times of high flows in Hat Creek, these sediments 
are transported to the Cheyenne River and will increase TSS concentrations. Point sources of 
sediment in the watershed are believed to be non existent; sediment sources are erosion, 
resuspension, and overland runoff during high flows. Nevertheless, the stream riparian corridor 
should be examined and management practices should be employed in areas that are noticeably 
inundated by livestock or have severe erosion problems such as undercut banks or absence of 
riparian and bank vegetation. A TMDL for TSS in Segment 4 will be formulated that will take 
into account TSS exceedances due to natural phenomenon taking place during high stream flows. 
Authors recommend that the State of South Dakota develop an “off-ramp” regulatory approach 
to high TSS values that occur at high flows. 
 
Sampling should continue at CR-3 or a similar site downstream of the Cascade Creek confluence 
with the Cheyenne River. A permanent site located there would provide useful water quality and 
hydrologic data for the Cheyenne River and inflows to Angostura Reservoir and would provide 
data to evaluate any reductions in loadings associated with management practices in the 
watershed. 
 
Currently, the Cheyenne River from Beaver Creek to Angostura Reservoir is considered one 
segment for use classification. Because hydrologic contributions from Cascade Creek change the 
flow regime and chemistry of Cheyenne River, authors recommend changing segmentation of 
the Cheyenne River to include a segment that begins at the confluence of the Cheyenne River 
and Cascade Creek and ends at Angostura Reservoir. Due to the constant flow contributed by 
Cascade Creek, authors believe that the Cheyenne River in the Segment 4 is supporting a higher 
existing beneficial use than that which is currently designated. Specifically, Segment 4 is 
designated warmwater semipermanent fish life, although it has been shown that Segment 4 is 
supporting warmwater permanent fish life use. The authors recommend upgrading fish use 
classification of Cheyenne River from the confluence with Cascade Creek to Angostura 
Reservoir from use 5 (warmwater semipermanent) to use 4 (warmwater permanent) as outlined 
in South Dakota Administrative Rule 74:51:01:25:01. Because Cascade Creek continually 
supplies the Cheyenne River with about 20 cfs of water, it is believed that support of use 4 is 
warranted. 
 
Cheyenne River – Segment 5 

The Cheyenne River from Angostura Reservoir to Fall River (Segment 5) has been assigned the 
beneficial uses warmwater semipermanent fish life propagation (5), immersion recreation (7), 
limited contact recreation (8), fish and wildlife propagation, recreation and stock watering (9), 
and irrigation (10). This segment was monitored at its upstream end at site CR-4, which was 
located immediately downstream of Angostura Dam at USGS site 06401500. 
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Data for Segment 5 are reported because a sampling site (CR-4) was located at the upstream end 
of this segment. Site CR-4 was established primarily to study hydrologic and chemical outflows 
from Angostura Reservoir, not to evaluate the segment’s beneficial use support status. Analysis 
of Segment 5 of the Cheyenne River was not intended to be included in this study, thus analysis 
of Segment 5 is limited and no recommendations are made for the segment. Robust analysis of 
Segment 5 would require sampling sites at the downstream end. A summary of data collected at 
CR-4 is reported here for sake of future analysis. 
 
Segment 5 is included on the State 2004 303(d) list as “Cheyenne River from Angostura 
Reservoir to Rapid Creek” and is listed as being fully supportive of uses 7, 8, 9, and 10, and 
being non-supportive of use 5 due to high levels of TSS. The segment is included in the 2002 
303(d) list as “Cheyenne River from Angostura to mouth” and is listed as being impaired by high 
levels of TSS and fecal coliform. Data collected in this study and historic data collected by 
USGS indicate, however, that the segment of the Cheyenne River from Angostura Dam to Fall 
River is in full support of assigned beneficial uses. The State 2006 303(d) list also includes the 
Cheyenne River from Angostura to Rapid Creek as being impaired for use 5 due to high levels of 
TSS. No TSS samples collected at CR-4 during this study had high TSS concentrations. 
 
Table 62 lists parameters for which water quality criteria are established to protect beneficial 
uses of the upper segment, the number of samples collected, the percent of samples exceeding 
water quality criteria, the beneficial uses associated with the parameter, and support status. 
Values in parentheses are quarterly and monthly data collected by USGS at 06401500 from 
1968-2004. Analytical results for CR-4 water quality samples are provided in Appendix A. 
 
Table 62. Comparison of water quality parameters to State water quality criteria established to protect 
beneficial uses of Cheyenne River (Segment 5), including percentage of samples exceeding criteria and 
support status of the beneficial uses.  Samples collected at CR-4 from 2003-2005. Values in parentheses are 
samples collected by USGS from 1968 to 2004. 

Parameter Number of 
samples % Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial Use? 

Alkalinity 23 (162) 0 9 Yes 
Ammonia 24 0 5 Yes 

Dissolved Oxygen 22 0 5 Yes 
Fecal Coliform 9 0 7 Yes 

Hydrogen Sulfide 0 N/A 5 Unable to assess 
Nitrate/Nitrite 24 (120) 0 9 Yes 
Oil and Grease 0 N/A 9 Unable to assess 

pH 24 (152) 0 5 Yes 
SAR 24 (162) 0 10 Yes 

Specific Conductivity 22 (333) 0 10 Yes 
Temperature 24 (292) 0 5 Yes 

Total Dissolved 
Solids 20 (136) 0 9 Yes 

Total Suspended 
Solids 24 0 5 Yes 
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Parameter Number of 
samples % Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial Use? 

Total Petroleum 
Hydrocarbons 0 N/A 9 Unable to assess 

 
Cheyenne River Segment 5 Sampling Results 
 
Descriptive statistics for samples collected at CR-4 are shown in Table 63. Statistics were 
calculated from samples collected during this study and those collected by USGS from 1968 to 
2004. Parameters with 24 or fewer samples were collected in this study only. The table lists the 
number of samples taken (n), and the mean, median, standard deviation, minimum value, and 
maximum value of sample results for each parameter.  
 
Table 63. Descriptive statistics for samples and field measurements collected at CR-4, showing number of 
samples (n), sample mean, median, standard deviation, and minimum and maximum values. Statistics are 
calculated from data collected during this study and data collected by the USGS from 1968-2004. 

Parameter n Mean Median 
Standard 
Deviation Min Max 

Flow (cfs) 371 155 1.70 1080 0.028 17500 
Water Temp (ºF) 316 55.9 56.3 15.2 32.0 89.6 

Spec Cond (µS/cm) 355 2251 2220 346 690 4100 
pH 176 7.95 7.98 0.24 7.30 8.58 

D.O. (mg/L) 22 11.3 11.2 1.56 9.40 15.8 
Turbidity (NTU) 23 0.735 0.700 0.627 -0.5 1.90 

Alk as CaCO3 (mg/L) 185 143 140 21 2.50 192 
Hardness as CaCO3 (mg/l) 184 858 830 113 470 1100 

P diss (mg/L) 137 0.015 0.010 0.024 0.0 0.21 
P total (mg/L) 145 0.025 0.011 0.034 0.0 0.28 
TKN (mg/L) 24 0.302 0.300 0.110 0.10 0.507 

NO2 + NO3 (mg/L) 144 0.241 0.145 0.59 0.01 6.80 
NH3 diss (mg/L) 24 0.052 0.050 0.03 0.005 0.120 

SO4 (mg/L) 24 1121 1129 63.1 945 1218 
Cl (mg/L) 24 131 131 24.2 91.9 229 
Ca (mg/L) 24 248 249 15.8 211 275 
Mg (mg/L) 24 90.8 91.4 4.84 80.8 101 
Na (mg/L) 24 228 223 27.5 188 337 
K (mg/L) 24 11.6 11.6 1.79 7.39 17.4 

TDS sum (mg/L) 156 1646 1600 213 962 2128 
SAR 186 2.82 3.00 0.445 2.0 4.64 

TOC (mg/L) 23 2.56 2.50 0.90 0.500 4.3 
TVS (mg/L) 24 2.31 2.00 1.86 0.250 7.0 
TSS (mg/L) 24 4.63 4.00 2.21 1.75 9.43 
TS (mg/L) 24 2184 2178 56.3 2052 2305 

Fecal (colonies/100mL) 9 89.4 60.0 119 5.0 370 
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Figure 60 shows the flow duration curve for data from 1945-2005 for CR-4. Imposed is the 
hydrograph at CR-4 for this time period. Both views show the preponderance of flows (40%) in 
the 1-2 cfs range. About 48% of average daily flows are greater than 2 cfs. Many of these flows 
occurred while the dam was being built from 1946-1949 and during annual spring releases. The 
Cheyenne River below Angostura did not receive spring flushings from the dam outlet from 
2001-2005, shown by the lack of peaks in the hydrograph in the chart during this period. 
 

 
Figure 60. Flow duration curve and historic stream flow for CR-4. 

 
FLUX Modeling Results for Cheyenne River Segment 5 
 
The FLUX model was used to estimate annual loads for Cheyenne River Segment 5 (see FLUX 
section, page 160, for description of the FLUX modeling process). FLUX loading estimates at 
CR-4 are shown in Table 64. The tables list each parameter modeled, the number of samples 
collected for that parameter (n), the estimated load in kg/yr, and the coefficient of variation (CV) 
associated with the estimate. The model is based on samples collected during this study. 
 
Table 64. FLUX loading estimates for Cheyenne River site CR-4, with number of samples (n), estimated 
annual load, and coefficient of variation (CV). Model is based on samples collected during this study. 

Parameter n 
FLUX load 

(kg/yr) CV 
Alkalinity 22 91,101 0.016 
Ammonia, total as N 24 28 0.134 

Hydrograph and Flow Duration Curve for CR-4
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Parameter n 
FLUX load 

(kg/yr) CV 
Calcium 24 130,056 0.015 
Carbon, total organic 23 1,342 0.078 
Chloride 24 68,054 0.035 
Magnesium 24 47,553 0.012 
Nitrate/Nitrite 24 82 0.177 
Nitrogen, total Kjeldahl 24 162 0.061 
Phosphorous, total 24 9 0.312 
Phosphorous, total dissolved 24 7 0.356 
Potassium 24 6,212 0.046 
Sodium 24 118,008 0.016 
Solids, total suspended 24 2,494 0.114 
Solids, total volatile 24 1,231 0.210 
Solids, total 24 1,147,292 0.006 
Solids, total dissolved 20 1,011,341 0.013 
Sulfate 24 585,623 0.013 

 
Loads at CR-4 during the study period are lower than would be expected during a normal year. 
Due to low water levels in Angostura Reservoir, water was not released from Angostura dam to 
the Cheyenne at any time during the study period. Typically, water is released from the dam in 
spring, which flushes the stream and mimics a more natural flow regime. This is evident in the 
imposed hydrograph in Figure 60. Thus, load estimates based on study data are expected to be 
somewhat lower than would occur if dam releases occurred. 
 
Segment 5 Summary 
 
Although data is limited for the portion of the Cheyenne River from Angostura Dam to Fall 
River, results of sampling at the dam show no violations of criteria meant to protect beneficial 
uses 5, 7, 8, 9, or 10. To establish beneficial use compliance through the entire section, sampling 
efforts at a downstream site would be required. The CR-4 site was used mainly to determine 
hydrologic outflows and outflow concentrations of chemical parameters from Angostura dam. 
Beyond that, this stretch of the Cheyenne River was not included in the study area. 
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AANNGGOOSSTTUURRAA  RREESSEERRVVOOIIRR  

Angostura Reservoir was formed by construction of the Angostura Dam on the Cheyenne River 
from 1946 – 1949 (Greene, 1990). The dam is a concrete and earthen structure and was created 
primarily for storage of waters to be used for irrigation of the Angostura Reclamation Unit. 
Irrigation began in 1956. About 12,200 acres of land are supplied with irrigation water through 
30 miles of canal and 39 miles of laterals. Angostura Reservoir is fed primarily by the Cheyenne 
River, with smaller flow input from Horsehead Creek. 
 
When at capacity, Angostura Reservoir has a volume of approximately 130,000 acre-ft of water, 
a surface elevation of 3,187 ft above sea level, and an area of about 4,600 acres (Greene, 1990). 
With the exception of flood control releases in the spring, the only water released to the 
Cheyenne River is due to dam seepage and maintenance water. There were no flood-control 
releases during this study. 
 
Five sites were monitored on Angostura Reservoir. Figure 61 shows the sampling locations on 
Angostura. Samples were collected monthly (twice per month during June, July, and August) 
using a gasoline-powered boat whenever conditions were safe enough to enter the water. 
 

 
Figure 61. Sampling locations for the assessment of Angostura Reservoir. 

 
Angostura has been sampled in the past by SD DENR during statewide lake assessment 
sampling. Sampling took place 2-3 times per year in 1989, 1991-1995, 1999 and 2003. Surface 
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and bottom samples were collected from three sites and composited into one sample. The three 
sites were located approximately where sites AR-1, AR-3 and AR-4 in this study were located. 
 
Angostura Reservoir has been assigned the beneficial uses of domestic water supply (1), 
warmwater permanent fish life propagation (4), immersion recreation (7), irrigation (9), and fish 
and wildlife propagation, recreation and stock watering (10). Currently Angostura Reservoir is 
listed as being in full support of beneficial uses 4, 7, 9, and 10, with the support status of use 1 
being unknown (SD DENR, 2004). The State 2006 303(d) lists Angostura Reservoir as being 
impaired for domestic water supply due to high concentrations of sulfates and TDS (SD DENR, 
2006). The results of this study support the listed status of Angostura Reservoir. 
 
Table 65 lists parameters for which water quality criteria are established to protect beneficial 
uses, number of samples collected, the percent of samples exceeding water quality criteria, the 
beneficial uses associated with the parameter, and support status. Physical parameter profiles 
were collected at 1 meter intervals (temperature, dissolved oxygen, specific conductivity, pH); 
only surface and bottom measurements are represented here (surface measurements only for 
dissolved oxygen). Although fecal coliform was sampled 10 times throughout the study, no 
samples were collected during the effective period of recreation use (May 1 to September 30). 
After analysis of 10 fecal coliform samples resulted in low coliform counts, sampling for fecal 
coliform was discontinued. In order to adequately estimate coliform levels, sampling should have 
continued through the effective period of use. Analytical results for Angostura Reservoir water 
quality samples are provided in Appendix B. 
 
Table 65. Comparison of water quality parameters to State water quality criteria established to protect 
beneficial uses of Angostura Reservoir, including percentage of samples exceeding criteria and support status 
of beneficial uses. Values in parentheses include data collected by SD DENR from 1989-2003. 

Parameter Number of 
samples % Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial Use?24 

Alkalinity 186 (191) 0% (0%) 9 Yes 
Ammonia 176 (195) 0% (0%) 4 Yes 
Chloride 186 (186) 0% (0%) 1 Yes 

Dissolved Oxygen, 
Surface samples 97 (117) 0.5% (0.5%) 4 Yes 

Fecal Coliform 0 (0) N/A 7 Unable to assess 
Hydrogen Sulfide 0 N/A 4 Unable to assess 

Nitrate/Nitrite 186 (205) 0% (0%) 1 Yes 
Oil and Grease 0 N/A 9 Unable to assess 

pH 190 (209) 0% (0%) 1, 4 Yes 
SAR 186 (186) 0% (0%) 10 Yes 

Specific 
Conductivity 170 (176) 0% (0%) 10 Yes 

Sulfate 186 (186) 99.5% (99.5%) 1 No 
Temperature 190 (210) 0.5% (1.4%) 4 Yes 

Total Dissolved 
Solids 187 (187) 97.3% (97.3%) 1 No 

                                                 
24 A waterbody is listed as impaired if at least 10% of samples from that waterbody exceed beneficial use criteria 
based on 20 or more samples; when there are less than 20 samples, 25% of the samples must exceed criteria. 
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Parameter Number of 
samples % Exceedance 

Beneficial Use 
Associated with 

Parameter 

Supporting 
Beneficial Use?24 

Total Suspended 
Solids 186 (205) 0.5% (0.5%) 4 Yes 

Total Petroleum 
Hydrocarbons 0 N/A 9 Unable to assess 

 
Sampling results indicate that Angostura is not in compliance with criteria meant to protect the 
beneficial use of domestic water supply (1). Concentrations of total dissolved solids and sulfate 
consistently violated domestic water supply criteria. Although levels of hydrogen sulfide, oil and 
grease, and total petroleum hydrocarbons are unknown, other parameters indicate that beneficial 
uses 4 and 9 are currently being supported. Support of beneficial use 7 is unknown as not enough 
fecal coliform samples were collected to assess compliance status. Although dissolved oxygen 
criterion for beneficial use 4 was violated in 32.3% of bottom samples, DO profiles show that 
Angostura Reservoir is supporting beneficial use 4 and that DO levels are low only near the 
bottom of the waterbody (see Appendix D for temperature and dissolved oxygen profiles). 
 
Angostura Sampling Results 
 
Descriptive statistics for samples collected on Angostura Reservoir are shown in Table 66. These 
data include monthly samples collected during this study and samples collected by SD DENR 
from 1989-2003. Statistics include number of samples (n), mean, median, standard deviation, 
minimum and maximum values of parameters sampled. Statistics calculated for individual sites 
for surface and bottom samples are given in Appendix C.  
 
Table 66. Descriptive statistics for Angostura samples. Includes samples collected at all sites and those 
collected by SD DENR from 1989-2003. Physical parameter (temperature, specific conductivity, pH, and 
turbidity) statistics are calculated using values from surface and bottom of profile data. Dissolved oxygen 
statistics were calculated separately from surface and bottom of profile data. 

Angostura Samples n Mean Median Standard Deviation Min Max 
Water Temp (ºF) 210 61.6 62.8 10.5 39.1 81.9 

Spec Cond (µS/cm) 176 2868 2857 220 1678 3206 
pH 209 8.11 8.11 0.278 7.21 8.95 

D.O. (mg/L) 205 7.93 8.30 2.72 0.700 13.6 
D.O. (mg/L), bottom 91 6.73 7.20 3.19 0.700 12.6 
D.O. (mg/L), surface 114 8.89 8.70 1.78 4.80 13.6 

Turbidity (NTU) 180 23.6 5.35 126 0.000 1311 
Secchi (m) 117 2.09 1.50 1.74 0.250 8.35 

NO2 + NO3 (mg/L) 205 0.051 0.050 0.052 0.005 0.388 
P diss (mg/L) 192 0.014 0.005 0.016 0.005 0.081 
P total (mg/L) 202 0.026 0.020 0.035 0.005 0.424 

NH3 diss (mg/L) 195 0.059 0.050 0.058 0.003 0.399 
TKN (mg/L) 205 0.502 0.480 0.151 0.031 1.34 
SO4 (mg/L) 186 1391 1408 153 524 1617 
Cl (mg/L) 186 156 159 19.6 43.0 233 
Ca (mg/L) 186 339 339 48.3 115 426 
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Angostura Samples n Mean Median Standard Deviation Min Max 
Mg (mg/L) 186 94.4 94.6 10.2 34.4 117 
Na (mg/L) 186 237 239 26.3 111 298 
K (mg/L) 186 10.1 10.1 1.56 4.50 18.0 

Hardness as CaCO3 (mg/l) 187 1235 1240 157 429 1480 
TDS sum (mg/L) 187 2434 2510 259 908 2811 

Alk as CaCO3 (mg/L) 191 127 126 8.94 95.9 170 
TOC (mg/L) 186 4.97 4.90 1.57 2.00 13.0 
TSS (mg/L) 205 11.5 8.00 15.1 0.803 168 
TVS (mg/L) 186 6.95 4.22 13.2 0.250 146 
TS (mg/L) 191 2570 2568 263 1044 4004 

SAR 186 2.94 2.95 0.273 1.92 3.58 
 
Angostura Annual Loading 
 
Angostura Reservoir loading was estimated using the Army Corps of Engineers FLUX model. 
Annual loading estimates are given in the FLUX modeling section of this report (see FLUX 
section, page 160, for FLUX loading estimate to Angostura Reservoir). 
 
Trophic State Index (TSI) 
 
Carlson’s TSI [Carlson, 1977] was calculated whenever Secchi depth, total phosphorus, and 
chlorophyll-a values were known. TSI values from samples collected on the same day from 
different sites were averaged to get a composite TSI value for that day. The majority of samples 
were collected in June (n=5) and July (n=8); months March-May and August-November each 
had 1-3 samples. Figure 62 shows TSI values grouped by month for samples collected from 
1991-2005. Although it is difficult to determine monthly trends due to the low number of 
samples collected during spring and fall months, the graph suggests that TSI peaks during these 
months and is lowest during the summer. See Appendix I for all phytoplankton chlorophyll 
sampling results. 
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Carlson TSI values by month for Angostura Reservoir, 1991-2005
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Figure 62. Carlson's TSI index for Angostura. 

 
Carlson’s TSI plotted by date is shown in Figure 63. It is difficult to determine if a long-term 
productivity trend exists for Angostura Reservoir due to the low number of samples. General 
comparisons can be made, however. Samples collected during June and July in 1991 and 1992 
had a TSI less than 50, likewise with June and July samples collected during this study. While 
some data existed for years 1989, 1993-1998 and 2000-2001, all data necessary for calculation of 
Carlson’s TSI were not available. The number of data points available for each month is skewed 
toward the months that had the lowest TSI values. Future sampling should include sampling for 
all parameters necessary to calculate Carlson’s TSI whenever one parameter is sampled for, and 
should include spring and autumn months when TSI values appear to be highest.  
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Time-series Carlson TSI for Angostura Reservoir
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Figure 63. Time-series Carlson's TSI for Angostura Reservoir. Squares are samples collected in June and 
July; samples collected during other months are marked with “X”. 

 
South Dakota numeric TSI criterion for Angostura Reservoir is in effect from May 15 – 
September 15. In order to meet the criterion, which is based on fishery classification, the median 
value of Secchi TSI and chlorophyll TSI (both values calculated using Carlson’s formula) must 
not exceed 58. TSI values for Secchi depth and chlorophyll-a samples collected during the 
regulation period were calculated (Table 67); the median of calculated values was 47.3. 
Angostura Reservoir is meeting TSI standards. 
 
Table 67. Summary statistics for Angostura Reservoir TSI samples, with chlorophyll-a, Secchi depth, and 
values lumped together for State standard calculations. 

Angostura TSI samples n Mean Median Standard Deviation Min Max 
Chlorophyll-a 77 44.2 45.0 9.2 23.8 74.3 
Secchi depth 80 50.4 49.8 11.5 29.4 80.0 
Chl-a and Secchi (grouped) 157 47.4 47.3 10.8 23.8 80.0 

 
Although Angostura Reservoir is meeting TSI standards, examination of Carlson’s TSI shows 
potential trend of increasing TSI values over time. In order to ensure continued compliance, 
efforts should be made to increase activities that reduce concentrations of nutrients in waters of 
the Upper Cheyenne River Watershed. These activities include (but are not limited to) reduction 
in use of petroleum-based chemical fertilizers, reducing livestock access to streams, rivers and 
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wetlands in the watershed and Angostura Reservoir, increasing rotational grazing practices, 
reducing tillage, reducing high-nutrient runoff from crop areas by creating downstream wetlands 
and ponds, allowing existing wetlands to flourish by fencing them off and reducing the overuse 
of water, monitoring and reducing any inputs from septic tank systems and waste-treatment 
facilities, and increasing use of sustainable-development practices that reduce runoff associated 
with development. 
 
Sulfates 
 
Sulfate samples in Angostura Reservoir show that the reservoir consistently violates State 
criterion meant to protect the beneficial use of public water supply. Out of 186 samples collected 
from 9/2003 to 9/2005, 185 violated criterion of 875 mg/l. The only sample that was within 
regulatory standards was a sample collected at AR-5 on June 16, 2005. This site is near the 
Cheyenne River inlet of Angostura, and sampling took place immediately after the flood of June 
13-16 had diluted waters in the reservoir near the inlet. 
 
Sulfate samples in Angostura Reservoir had a mean value of 1391 mg/l and a standard deviation 
from the mean of 153 mg/l. Sulfate samples at stream sites were high; Cascade Creek had a mean 
value of 1436 mg/l and a standard deviation of 72.3 mg/l (n=25). Because Cascade Creek was 
the primary hydrologic contributor to Angostura Reservoir during the study period, it follows 
that high sulfate concentrations in Angostura are mostly due to inputs from Cascade Creek. 
Results of FLUX modeling indicate that the Cheyenne River contributed 99% (47,000,000 kg/yr) 
of sulfates to Angostura Reservoir, with Horsehead Creek contributing the remaining 1%. Of this 
99%, Cascade Creek contributed 56% (26,520,000 kg/yr) of sulfate load (Figure 64). Sulfate 
contributions from the Cheyenne River upstream of CR-1 were approximately 4,890,000 kg/yr 
(10%) and contributions from Beaver Creek were 4,727,000 kg/yr (10%). Insignificant amounts 
of sulfate were contributed by Cottonwood Creek and Hat Creek (5.8% or 2,713,000 kg/yr), and 
17% (8,288,000 kg/yr) of sulfate was unexplained and attributed to the Cheyenne River corridor 
and ungaged tributaries. 
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Sulfate loading to Angostura Reservoir from Cheyenne tributaries, kg/yr
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Figure 64. Sulfate loading to Angostura Reservoir from Cheyenne River corridor and tributaries (9/2003 – 
9/2005). 

 
The Army Corps of Engineers pool eutrophication model BATHTUB was used to model sulfate 
in Angostura Reservoir as a conservative substance. FLUX output for sulfate concentration at 
CR-3 and HH-1 was used as input to the BATHTUB model. Atmospheric contributions were 
assumed to be 500 kg/km2yr. Successive 10% reductions in sulfate concentrations at CR-3 and 
HH-1 were input to BATHTUB to estimate steady state concentrations in Angostura Reservoir. 
Table 68 gives estimated sulfate concentrations in Angostura Reservoir resulting from reduced 
inflow sulfate concentrations. The model shows a linear relationship between sulfate 
concentrations in inflows and sulfate concentrations in the reservoir. 
 
Table 68. BATHTUB model output for successive 10% reductions in sulfate contributions to Angostura 
Reservoir. 

Percent Reduction in 
Inflow Concentration 

SO4, 
mg/l 

0% 1014 
10% 912 
20% 811 
30% 710 
40% 608 
50% 507 
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Total Dissolved Solids 
 
Total dissolved solids samples in Angostura Reservoir show that the reservoir consistently 
violates criterion meant to protect the beneficial use of public water supply. Out of 187 samples 
collected during this study, 182 samples exceeded the standard of 1750 mg/l. Samples not in 
violation included 3 samples collected on June 16, 2005 at AR-3, AR-4, and AR-5. It is likely 
that dilution from flood waters from the storm of June 13 reduced dissolved solids concentrations 
in Angostura Reservoir near the inlet of the Cheyenne River. 
 
Total dissolved solids samples had a mean value of 2434 mg/l and a standard deviation from the 
mean of 259 mg/l. Total dissolved solids samples at Cascade Creek had a mean value of 2231 
mg/l and a standard deviation from the mean of 111 mg/l. FLUX modeling indicates that 
Cheyenne River contributed 78,360,000 kg/yr of TDS to Angostura, representing 98.7% of total 
contributions, with Horsehead Creek contributing the balance. Of this 98.7%, Cascade Creek 
contributed 53% (41,230,000 kg/yr), the Cheyenne River upstream of CR-1 contributed 10% 
(8,017,000 kg/yr), and Beaver Creek contributed 13% (9,836,000 kg/yr). Insignificant 
contributions (7.6% or 5,918,000 kg/yr) were made by Hat Creek and Cottonwood Creek, and 
13,356,000 kg/yr (17%) were unexplained and attributed to the Cheyenne River corridor and 
ungaged tributaries. Figure 65 shows TDS load contributions from sampled sites in the Cheyenne 
River watershed. 
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TDS loading to Angostura Reservoir from Cheyenne tributaries, kg/yr

Hat Creek, 
3,517,597, 4%

Cottonwood 
Creek, 2,400,467, 

3%

Beaver Creek, 
9,836,269, 13%

Cheyenne River 
upstream of CR-1, 

8,017,620, 10%

Cheyenne River 
corridor and 

ungaged tribs, 
13,355,607, 17%

Cascade Creek, 
41,233,180, 53%

 
Figure 65. TDS loading to Angostura Reservoir from Cheyenne River corridor and tributaries (9/2003 – 
9/2005). 

 
The Army Corps of Engineers pool eutrophication model BATHTUB was used to model TDS in 
Angostura Reservoir as a conservative substance. FLUX output for TDS concentration at CR-3 
and HH-1 was used as input to the BATHTUB model. Atmospheric contributions were assumed 
to be 1000 kg/km2yr. Successive 10% reductions in TDS concentrations at CR-3 and HH-1 were 
input to BATHTUB to estimate steady state concentrations in Angostura Reservoir. The model 
shows a linear relationship between TDS concentrations in inflows and TDS concentrations in 
the reservoir (Table 69). 
 
Table 69. BATHTUB model output for successive 10% reductions in TDS contributions to Angostura 
Reservoir. 

Percent Reduction in 
Inflow Concentration 

TDS, 
mg/l 

0% 1710 
10% 1539 
20% 1368 
30% 1197 
40% 1026 
50% 855 
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Aquatic Macrophyte and Habitat Survey 
 
SD DENR staff and project coordinators conducted an aquatic plant survey and habitat 
assessment for Angostura Reservoir on August 10, 2004. Data was collected to document 
emergent and submergent plant species present, density of plant species, and distribution of plant 
species within the waterbody. 
 
The shoreline of Angostura Reservoir was divided into 40 equally spaced transects. Because 
water levels were low, transects 9-12 and 21-25 were either above water level or could not be 
accessed. At each sampling location, four positions were sampled for macrophytes by dragging a 
rake across the lake bottom. Those four positions were located at the 3, 6, 9, and 12 o’clock 
positions, with the 12 o’clock position being toward the shore. Density ratings of plant species 
collected on the rake were estimated at each transect. If a plant species was found in all four 
casts and very dense, it was given a density rating of five at that transect. If a plant was found in 
all four casts but in a limited amount, it was assigned a rating of four. Plants found in three casts 
were given a density rating of three, and so on. A density rating of zero meant no plants were 
found at that transect. Once the rake was pulled back into the boat, vegetation was removed and 
plants identified to lowest possible taxonomic level. Water depth and Secchi transparency were 
also measured at each of the 31 transects. 
 
The shoreline at each transect was rated on a scale of 0 to 10 (0 being poor and 10 being optimal) 
for bank stability, vegetative protection, and riparian zone vegetative width. Values were 
summed at each transect giving a possible “best” rating of 30. 
 
Aquatic vascular plants were extremely sparse throughout Angostura Reservoir. Potamogeton 
crispus and Najas flexilis were the only aquatic macrophyte species identified in the lake. P. 
crispus was found at transect 38, with a density rating of 1. N. flexilis was found at transects 1-5, 
with density ratings of 1 and 2. It is unknown whether low water levels adversely affected the 
aquatic plant community in Angostura, but it is likely that, given stable water levels in the 
preceding years, more species and higher macrophyte densities would have been found. 
 
P. crispus, also known as curly leaf pondweed, is a native of Eurasia, but is now found almost 
worldwide and is common in the Midwestern United States. It is fully submerged, except for the 
flower stalk. It is often considered a nuisance plant because its tolerance for low light and cold 
water allow it to out-compete native plants in the spring. In the summer, however, P. crispus 
populations usually decline, reducing competition. The plant does not appear to be a problem in 
Angostura Reservoir because of its scarcity, and should be considered an important plant because 
submerged macrophytes in general are rare in the lake. P. crispus provides needed shelter for 
small fish and invertebrates that larger fish and amphibians feed on. 
 
N. flexilis, also know as common naiad, slender naiad, slender waternymph, and nodding 
waternymph, is considered native to northern United States and is found throughout northern 
North America. It is a completely submerged plant. It is considered one of the most important 
food sources for waterfowl, and the entire plant is eaten. Common naiad provides shelter for 
small fish and aquatic insects that larger fish feed on. 
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Table 70 shows descriptive statistics for Secchi depth, water depth, bank stability, vegetative 
protection, and riparian zone vegetative width at each transect. Bank stability, vegetative density, 
and riparian width are scores from 0 to 10 (increasing habitat with increasing score), and “total 
score” is the summation of these three. See Appendix E for all data collected during habitat 
sampling. 
 
Table 70. Angostura shoreline habitat statistics. 

Habitat Characteristic n Mean Median Standard Deviation Min Max 
Secchi (m) 31 0.6 0.5 0.3 0.2 1.1 
Depth (m) 31 1.4 0.7 1.6 0.2 5.2 

Bank stability 31 3.4 3 2.2 0 8 
Vegetative protection 31 3.4 3 2.2 0 8 

Riparian width 31 5.8 6 2.7 0 10 
Total score 31 13.1 13 6.1 0 25 

 
Transects with highest habitat scores were located in areas with little or no grazing pressure. This 
allowed for the establishment of healthier riparian zones with stable, vegetated banks. The 
riparian habitat around Angostura was not typical due to drought causing low water surface. 
Where the slopes of the shore were gentle or relatively flat, a greater length of the littoral zone 
had been exposed due to drought. It is likely that habitat scores would have been higher were 
Angostura not affected by drought conditions during habitat sampling. 
 
Discussion 
 
Angostura Reservoir is meeting water quality requirements meant to protect beneficial use 10 
(irrigation). Not enough fecal coliform samples were collected to determine support of beneficial 
use 7 (immersion recreation). Sampling results indicate full support of uses 4 (warm water 
permanent fish life propagation) and 9 (fish and wildlife propagation, recreation and stock 
watering), although not all parameters were sampled to determine full support. These parameters 
include hydrogen sulfide (use 4), oil and grease (use 9) and total petroleum hydrocarbons (use 9). 
Hydrogen sulfide is volatile and evident in extremely low concentrations by smell; coordinators 
did not smell hydrogen sulfide at any time during sampling excursions to Angostura Reservoir, 
which indicates that hydrogen sulfide levels were likely below the standards concentration. Oil 
and grease in concentrations near the beneficial use limit would be apparent as a sheen on the 
water surface. This was not observed during any sampling efforts. 
 
Sampling results indicate that Angostura Reservoir is not in compliance with criteria meant to 
protect beneficial use 1 (domestic water supply). Concentrations of total dissolved solids 
exceeded criterion in 97.3% of samples; sulfate criterion was exceeded in 99.5% of samples. The 
major source of sulfates and TDS in Angostura was Cascade Creek. FLUX modeling indicated 
that Cascade Creek contributed an estimated 56% of the total sulfate loading and 53% of the total 
TDS loading to Angostura during the study period. Because the source of Cascade Creek is an 
artesian spring, it is highly unlikely that sulfate and TDS concentration reductions are possible. 
 
During a trip to Angostura Reservoir after the project was over (April 2006), a herd of cattle was 
observed that had free access to the reservoir near the inlet of the Cheyenne River. Cattle were 
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observed walking, urinating, and defecating in the water. An estimated 400 meters of shoreline 
along the reservoir and around one small bay was completely trampled, and the water in a bay 
the cattle were in was turbid due to their activity. Had fecal coliform and TSS samples been 
collected in that bay, it is likely that they would have exceeded standards meant to protect 
beneficial uses of Angostura. This type of activity should be actively discouraged, as it has 
severe negative impacts to aquatic life, recreational use, and general aesthetics of the reservoir. It 
is assumed that because the reservoir was so low, the cattle had been let out of the usual pasture 
to allow access to water. A more appropriate solution would have been to pump water to the 
cattle and restrict access to the reservoir. Although this is not an isolated case, it is a good 
example of how poor agricultural practices by one user can potentially affect ecological stability 
and the quality of water for downstream users. 
 
Recommendations 
 
It is recommended that Angostura Reservoir be sampled for fecal coliform bacteria during the 
effective period of recreation use (May 1 – September 30) in order to determine compliance with 
immersion recreation use. 
 
Authors believe that sulfate and TDS concentrations in Angostura Reservoir are naturally high 
and cannot be reduced enough to meet State water quality criterion for domestic water supply 
use. Authors recommend that the State of South Dakota drop domestic water supply from 
Angostura beneficial use, as the reservoir is not suitable and is not currently used as a domestic 
water supply.   
 
It is further recommended that the Bureau of Reclamation release water every year during the 
spring season to provide spring flushing to the Cheyenne River, regardless of the level of 
Angostura Reservoir. (More discussion on this is located in Section 4, results and discussion of 
the Cheyenne River Segment 5). Spring flushes are critical to downstream ecological integrity, 
and are a natural occurrence that should not be overlooked when operating a dam. 
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SECTION 5. FLUX MODELING 

Loads at sampling sites were calculated with the Army Corps of Engineers eutrophication model 
known as FLUX. The FLUX model requires sample/discharge data pairs and average daily flow 
data for input. FLUX applies six different regression techniques to sample/discharge data pairs to 
estimate load as a function of flow. FLUX then applies the six functions to average daily 
discharge data to develop annual loadings estimates. Data can be stratified by flow or by 
seasonal or monthly time period. 
 
As recommended in the FLUX application sequence, a stratification scheme and calculation 
method was determined for each parameter. Data was stratified both seasonally and by flow; 
seasonal stratification schemes did not predict actual sample concentrations as well as flow 
stratification schemes, thus flow stratification was selected for all sites. Models were tuned by 
adjusting flow stratification boundaries to minimize the difference in means of estimated 
loadings from the six methods of load calculation, minimize the coefficients of variation (CV) 
associated with the estimates, and minimize the difference in means and standard deviations 
between sample-discharge distributions and average-daily-discharge distributions for each flow 
stratification scheme. 
 
Load balances were computed from FLUX annual loading estimates. In order to be able to 
compare loads between sites and estimate relative contributions from each watershed, only data 
collected during this study were used for FLUX loading estimates.25 Loading estimates made 
with data collected in this study cannot be compared to estimates made with historic data for 
sites where such data is available, because annual stream flows during this study were much 
lower than average annual stream flows due to drought conditions occurring in the watershed. 
The objectives of this analysis were to quantify relative non-point-source load contributions from 
sampled watersheds in the Cheyenne River basin upstream of Angostura Reservoir and segments 
along the Cheyenne River between sampling sites, to quantify loading to Angostura Reservoir 
from Horsehead Creek and the Cheyenne River, and to compute load balances for Angostura. 
 
Load contributions from Cheyenne River watersheds 
 
Table 71 gives relative load contributions to Angostura Reservoir from the watersheds in the 
Cheyenne River basin based on monthly and storm samples collected from 9/2003 to 8/2005. 
Each value is the ratio of the annual load calculated by FLUX at the given site to the annual load 
at CR-3. The values can be interpreted as the relative load contributions from each watershed to 
Angostura Reservoir. For every parameter, loads at CR-3 were greater than the sum of loads at 
the upstream sites. This “unexplained” load is attributed to ungaged, ephemeral tributaries and 
non-point-source contributions along the Cheyenne River corridor between CR-1 and CR-3 such 
as bank and streambed erosion, slumping, scour, and chemical and biological activity. 
 

                                                 
25 FLUX loading estimates computed using all available data are reported in sections of this report for each site for 
which data is available. 
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Table 71. Relative load contribution to Angostura Reservoir from Cheyenne River and tributaries of the 
Cheyenne River. Values are the ratio of the annual load at the listed site to the annual load at CR-3. Table 
does not include data from Horsehead Creek. 

 
Cheyenne River 

watershed 
above CR-1 

Beaver 
Creek 

Cottonwood 
Creek 

Hat 
Creek 

Cascade 
Creek 

Cheyenne River 
corridor, other 

tributaries 
Stream flow 8.1% 9.4% 4.2% 16.6% 43.5% 18.2% 

Nutrients       
NH3 5.8% 10% 3.2% 5.0% 35% 40% 

NO2+NO3 3.4% 14% 6.9% 8.4% 43% 25% 
TDP 7.6% 7.9% 4.9% 29% 48% 2% 
TP 6.4% 13% 2.6% 29% 2.3% 46% 

TKN 5.2% 18% 3.1% 28% 3.2% 43% 
TOC 12% 19% 4.7% 33% 3.2% 28% 

Solids       
TDS 10% 13% 3.1% 4.5% 53% 17% 
TSS 3.0% 22% 3.0% 49% 0.2% 22% 
TVS 3.9% 15% 3.7% 41% 1.0% 35% 
TS 7.6% 16% 3.0% 21% 35% 18% 

Inorganics       
Alk 11% 9.3% 4.4% 19% 49% 7% 
Ca 4.0% 9.2% 1.8% 2.9% 74% 8% 
Cl 3.3% 32% 5.2% 0.8% 20% 39% 
K 11% 7.3% 6.4% 17% 33% 25% 

Mg 8.8% 12% 3.2% 3.5% 54% 19% 
Na 27% 21% 5.9% 6.6% 11% 28% 
SO4 10% 10% 2.5% 3.3% 56% 17% 

 
High concentrations of TSS caused violations of State beneficial-use criterion at many of the 
sites, including BC-1, CR-1, CR-2, CR-3, HC-1, and HC-2. Modeling indicates that an estimated 
49% of the TSS load at CR-3 originated in the Hat Creek watershed. Further analysis indicates 
that 82% of the TSS load at HC-2 originated upstream of HC-1, which suggests that much of the 
TSS load in Hat Creek comes from Nebraska. While this observation does not address criterion 
exceedances at other tributaries or sites upstream of Hat Creek, it does imply that further analysis 
of Hat Creek should be undertaken to determine TSS sources, and that efforts aimed at reducing 
TSS concentrations at CR-3 and reducing sediment load to Angostura Reservoir might be 
directed toward the Hat Creek watershed. 
 
Beaver Creek also showed high TSS contribution, with an estimated 22% of TSS load 
originating there. Although the relative TSS load in Beaver Creek that was transported from 
Wyoming is unknown, load allocation by watershed area would imply that 71% of TSS load in 
Beaver Creek originated upstream of the SD/WY border. 
 
Table 71 also suggests that 53% of TDS contributions to CR-3 came from Cascade Creek. 
Although Cascade contributed much of the TDS load, this water was very low in sodium, which 
is considered the antagonist in crop irrigation. While Cascade contributed 56% of the sulfate, 
74% of the calcium, and 54% of the magnesium, only 11% of the sodium came from Cascade 
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Creek. This is reflected in the low SAR values that were measured in Cascade Creek. Although 
Cascade Creek has high TDS loads compared to other sites, it does not contribute to overall 
increased salinity or SAR values of Angostura Reservoir, but rather seems to equilibrate the 
system by providing a steady source of relatively low TDS water. 
 
Loading to Angostura Reservoir 
 
Hydrologic load was calculated using FLUX in order to develop a water budget for Angostura 
Reservoir. Approximately 36,061 acre-ft/yr of water flowed into Angostura Reservoir from the 
Cheyenne River and Horsehead Creek during the project period. The amount of water delivered 
per acre per year for the gauged portion of the watershed was 7,637 liters. Outflows to the 
Cheyenne River and the Angostura Irrigation Unit canal were 38,249 ac-ft/yr. 
 
Annual loads for each measured parameter (nutrients, solids, and inorganics) were also 
calculated using FLUX. The vast majority of the loading to Angostura Reservoir comes from the 
Cheyenne River watershed, with smaller contributions by Horsehead Creek. Outflows include 
the Angostura Irrigation Canal and the Cheyenne River. Table 72 shows annual load 
contributions to Angostura Reservoir from CR-3 and HH-1, outflow load estimates for CR-4 and 
AR-6, and the net gain (or loss) in Angostura Reservoir. The percentage of total load 
contribution by Cheyenne River is shown in the column “CR-3 load (% of total)”. The last 
column, net as percentage of inflow, is the percentage of load entering Angostura that is either 
retained by the reservoir (settles) or changes form due to chemical or biological utilization. This 
analysis does not include atmospheric sources or sinks, shoreline contributions, anthropogenic 
contributions from activities on or near the reservoir, or contributions from the several very small 
watersheds surrounding the reservoir. 
 
Table 72. Net loading to Angostura Reservoir for modeled parameters, calculated by adding inflow load 
estimates (CR-3 and HH-1) and subtracting outflow load estimates (CR-4 and AR-6). Also given is net 
accumulation as a percentage of inflow load. Values are in kilograms per year except where noted. 

 
Load In (+) Load Out (−) 

Net 

Net as 
percent 

of inflow 
load CR-3 HH-1 

CR-3 load 
(% of  
total) CR-4 AR-6 

Discharge, 
hm3/yr 42.5 1.98 95.5% 0.52 46.7 -2.80 -6.3% 
Nutrients        

NH3 1,973 220 90.0% 28 1,331 834 38% 
NO2+NO3 14,260 2,091 87.2% 82 1,428 14,841 91% 

TDP 674 115 85.4% 7 185 597 76% 
TP 20,589 1,176 94.6% 9 564 21,192 97% 

TKN 95,685 5,758 94.3% 162 15,097 86,184 85% 
TOC 363,326 34,202 91.4% 1,342 195,948 200,238 50% 

Inorganics        
Alk 6,534,614 239,460 96.5% 91,101 4,389,994 2,292,979 34% 
Ca 13,116,610 85,262 99.4% 130,056 11,958,870 1,112,946 8% 
Cl 4,941,202 12,939 99.7% 68,054 5,096,379 -210,292 -4% 
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Load In (+) Load Out (−) 

Net 

Net as 
percent 

of inflow 
load CR-3 HH-1 

CR-3 load 
(% of  
total) CR-4 AR-6 

K 289,912 17,148 94.4% 6,212 371,376 -70,528 -23% 
Mg 2,764,941 34,826 98.8% 47,553 3,286,908 -534,694 -19% 
Na 6,298,202 175,612 97.3% 118,008 7,749,744 -1,393,938 -22% 
SO4 47,076,040 455,967 99.0% 585,623 49,846,940 -2,900,556 -6% 

Solids        
TDS 78,360,740 1,007,305 98.7% 1,011,341 81,499,450 -3,142,746 -4% 
TSS 51,015,000 1,351,808 97.4% 2,494 144,495 52,219,819 99.7% 
TVS 3,437,926 101,813 97.1% 1,231 41,856 3,496,652 99.8% 
TS 133,041,500 2,405,225 98.2% 1,147,292 90,331,520 43,967,913 32% 

 
The Cheyenne River contributes the majority of the loading of sampled parameters to Angostura 
Reservoir. 94-100% of inorganics and ions, 97-99% of solids, and 85-95% of nutrients entering 
Angostura originate in the Cheyenne River basin. 
 
Net accumulations for conservative substances (inorganic ions) are negative (with the exception 
of calcium), indicating a net loss of ions from Angostura Reservoir over the study period. Unlike 
sediments, ions and dissolved solids remain relatively distributed throughout the water column 
and do not settle out. Concentration of ions in the outflow of a reservoir is primarily determined 
by the inflow concentration and evaporation rates. Outflows were greater than inflows to 
Angostura over the study period, thus the net loading for ions was negative. Dissolved solids that 
enter Angostura are leaving the reservoir through outflows. 
 
High values of nutrients retained by Angostura Reservoir show that it is a nutrient sink. 91% of 
nitrates, 97% of total phosphate, 76% of dissolved phosphorous, and 85% of Kjeldahl nitrogen 
was retained by the reservoir. Nutrients that do not leave the system are taken up by organisms, 
utilized in biological activity and eventually settle out as organisms die. Thus, the net 
accumulation of nutrients in Angostura Reservoir is considered to be the amount that settles out 
annually, assuming steady-state annual productivity. 
 
Net suspended solids accumulation in Angostura was 52,200,000 kg/yr (58,000 tons/yr) during 
the study period. 99.7% of suspended solids entering the reservoir settled. 97% of sediment 
loading to the reservoir was transported to the reservoir via the Cheyenne River. Assuming the 
sediments have a specific gravity of 2.65, the net volume accumulation of sediments in 
Angostura would be 696,000 ft3. If the surface area of Angostura is adjusted from 4,600 acres to 
4,000 acres to reflect low water levels that occurred during this study, sediment accumulation 
would be 0.004 feet per square foot of surface area (1.2 mm/ft2). Much of the fines and all of the 
larger particles would be deposited close to the Cheyenne River inlet. 
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SECTION 6. QUALITY ASSURANCE/QUALITY CONTROL 

Quality assurance/quality control (QA/QC) samples were collected throughout the project period 
to insure proper laboratory and field sampling methods. Blank and replicate samples were 
collected for a minimum of 10% of all samples collected. 
 
Fourteen split and twenty-four replicate samples were collected at tributary sites. Ten replicate 
and one split sample were collected on Angostura Reservoir. Twenty-four blank samples were 
created for analysis using distilled water purchased at a local grocery store. Several blank 
samples returned positive analysis for analytes in small concentrations. One blank sample 
returned positive concentration of TDS at high concentration (944 mg/l). This was likely a lab 
error, as a second method to determine TDS in the same sample returned a concentration of 2.55 
mg/l, and analyses of ions that make up TDS were near or below detection limits. Contamination 
in other samples at low levels was likely due to use of different distilled water brands or field 
contamination during handling. 
 
Percent difference was calculated for each split and replicate sample pair. Average percent 
difference ranged from 0% to 23.7%. Table 73 gives descriptive statistics for percent difference 
of sample/replicate pairs for each parameter sampled in the Cheyenne River and tributaries. The 
following parameters had an average percent difference greater than 10%: nitrate + nitrite, total 
dissolved phosphorus, total phosphorus, total dissolved ammonia, total Kjeldahl nitrogen, 
potassium, total organic carbon, total suspended solids, total volatile solids, dissolved aluminum, 
dissolved iron, dissolved lithium, dissolved magnesium, dissolved molybdenum, dissolved lead, 
dissolved selenium, dissolved silicon, dissolved thallium, fecal coliform bacteria and E. coli 
bacteria. The difference between replicate and routine samples for these parameters may be due 
to contamination of the sample bottles/distilled water by the field sampler or laboratory error. 
Approximately 76% of all sample pair difference estimates were less than 10%. Many sample 
pair differences that were greater than 10% were cases where either the sample or the replicate 
pair were at a concentration at the method detection level and the other was below the MDL. 
Because results of any samples below the MDL were reported as half the value of the MDL, the 
difference in these samples is 33%. See Appendix G for all tributary water quality QA/QC data. 
 
Table 73. Percent difference statistics for sample/replicate pairs collected in the Cheyenne River and 
tributaries during the Upper Cheyenne Watershed Assessment. 

Tributary Samples n Mean Median Standard Deviation Min Max 
NO2 + NO3 38 15.76 0.00 26.43 0.00 91.89 
P total diss 38 23.73 9.52 30.46 0.00 94.38 

P total 38 18.51 4.10 26.63 0.00 84.13 
NH3 diss 38 12.57 0.00 20.98 0.00 92.43 

TKN 38 14.12 10.42 14.76 0.00 58.16 
SO4 38 2.17 0.86 3.48 0.05 16.45 
Cl 38 5.11 0.99 14.23 0.00 71.11 
Ca 38 2.52 1.26 4.00 0.00 19.92 
Mg 38 3.64 0.93 5.94 0.00 23.96 
Na 38 8.73 1.54 18.96 0.00 79.16 
K 38 10.46 2.81 17.43 0.00 66.67 
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Tributary Samples n Mean Median Standard Deviation Min Max 
Hardness as CaCO3 34 1.80 1.04 2.98 0.00 16.20 

TDS (TS-TSS) 32 4.28 1.70 4.59 0.00 13.36 
TDS sum 32 7.22 1.46 18.02 0.15 99.41 

Alk as CaCO3 38 0.64 0.26 1.48 0.00 8.97 
TOC 38 10.55 1.76 19.00 0.00 71.12 
TSS 38 11.28 6.23 14.78 0.00 61.17 
TVS 38 17.66 9.18 21.26 0.00 70.21 
TS 38 4.59 0.48 16.39 0.00 99.06 

Fecal Coliform 19 16.55 4.00 23.02 0.00 71.43 
E.Coli 19 17.30 10.47 23.40 0.00 71.83 

Dissolved Aluminum 6 22.47 5.46 31.34 0.00 70.48 
Dissolved Antimony 6 5.84 0.00 14.32 0.00 35.06 
Dissolved Arsenic 6 3.38 0.00 6.68 0.00 16.69 
Dissolved Barium 6 8.14 0.56 16.93 0.00 42.44 

Dissolved Beryllium 6 0.00 0.00 0.00 0.00 0.00 
Dissolved Boron 6 7.35 1.10 10.37 0.34 23.02 

Dissolved Cadmium 6 0.00 0.00 0.00 0.00 0.00 
Dissolved Chromium 6 8.42 0.00 20.61 0.00 50.50 

Dissolved Cobalt 6 0.00 0.00 0.00 0.00 0.00 
Dissolved Copper 6 8.90 0.00 21.81 0.00 53.42 

Dissolved Iron 6 10.83 2.95 18.12 0.00 46.58 
Dissolved Lead 6 14.67 10.41 16.64 0.00 43.26 

Dissolved Lithium 6 10.35 5.31 10.96 0.68 26.72 
Dissolved Manganese 6 20.14 1.50 30.72 0.00 69.94 

Dissolved Molybdenum 6 15.59 4.85 20.74 0.00 46.52 
Dissolved Nickel 6 6.04 0.00 14.79 0.00 36.22 

Dissolved Selenium 6 22.88 10.21 27.77 0.00 59.08 
Dissolved Silicon 6 13.64 11.11 14.63 0.00 36.61 
Dissolved Silver 6 0.00 0.00 0.00 0.00 0.00 
Dissolved Sulfur 6 5.77 2.45 9.42 0.08 24.70 

Dissolved Thallium 6 10.69 0.77 23.59 0.00 58.74 
Dissolved Vanadium 6 0.00 0.00 0.00 0.00 0.00 

Dissolved Zinc 6 9.11 3.99 13.38 0.00 34.30 
 
Table 74 gives descriptive statistics for percent differences of sample/replicate pairs for each 
parameter sampled in Angostura Reservoir. Average percent difference ranged from 0.6% to 
21.2% (samples/replicate pairs where only one was available are not included in this discussion). 
Out of 253 sample/duplicate pairs, 219 (87%) of sample pair differences were less than 10%. See 
Appendix H for all reservoir water quality QA/QC data. 
 
Table 74. Percent difference statistics for sample/replicate pairs collected in Angostura Reservoir during the 
Upper Cheyenne Watershed Assessment. 

 Angostura Samples n Mean Median Standard Deviation Min Max 
NO2 + NO3 12 2.78 0.00 9.62 0.00 33.33 
P total diss 12 20.60 0.00 29.03 0.00 81.82 

P total 12 21.21 5.76 29.89 0.00 81.82 
NH3 diss 12 10.31 0.00 14.99 0.00 33.33 

TKN 12 4.54 4.10 3.48 0.00 9.99 
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 Angostura Samples n Mean Median Standard Deviation Min Max 
SO4 12 1.56 0.79 2.53 0.00 9.21 
Cl 12 0.97 0.43 1.04 0.00 3.13 
Ca 12 1.03 0.31 1.59 0.00 5.51 
Mg 12 1.40 0.64 1.81 0.01 5.16 
Na 12 1.66 0.60 1.88 0.00 5.24 
K 12 3.55 1.99 4.36 0.00 15.98 

Hardness as CaCO3 12 1.10 0.58 1.46 0.00 5.39 
TDS TS-TSS 12 1.23 0.88 1.53 0.07 5.79 

TDS sum 12 1.40 0.46 3.00 0.00 10.83 
Alk as CaCO3 12 0.60 0.56 0.55 0.00 1.60 

TOC 12 3.38 1.58 3.84 0.00 11.11 
TSS 12 11.59 5.71 15.76 0.00 54.19 
TVS 12 14.92 3.33 18.70 0.00 53.85 
TS 12 1.41 0.49 3.03 0.00 10.90 

Fecal Coliform 1 0.00 0.00 - 0.00 0.00 
E.Coli 1 44.44 44.44 - 44.44 44.44 

Diss Aluminum 1 20.32 20.32 - 20.32 20.32 
Diss Antimony 1 0.00 0.00 - 0.00 0.00 
Diss Arsenic 1 0.00 0.00 - 0.00 0.00 
Diss Barium 1 0.00 0.00 - 0.00 0.00 

Diss Beryllium 1 0.00 0.00 - 0.00 0.00 
Diss Boron 1 0.28 0.28 - 0.28 0.28 

Diss Cadmium 1 0.00 0.00 - 0.00 0.00 
Diss Chromium 1 0.00 0.00 - 0.00 0.00 

Diss Cobalt 1 0.00 0.00 - 0.00 0.00 
Diss Copper 1 0.00 0.00 - 0.00 0.00 

Diss Iron 1 0.00 0.00 - 0.00 0.00 
Diss Lead 1 0.00 0.00 - 0.00 0.00 

Diss Lithium 1 0.44 0.44 - 0.44 0.44 
Diss Manganese 1 0.00 0.00 - 0.00 0.00 

Diss Molybdenum 1 0.00 0.00 - 0.00 0.00 
Diss Nickel 1 0.00 0.00 - 0.00 0.00 

Diss Selenium 1 17.95 17.95 - 17.95 17.95 
Diss Silicon 1 0.57 0.57 - 0.57 0.57 
Diss Silver 1 0.00 0.00 - 0.00 0.00 
Diss Sulfur 1 0.05 0.05 - 0.05 0.05 

Diss Thallium 1 10.88 10.88 - 10.88 10.88 
Diss Vanadium 1 0.00 0.00 - 0.00 0.00 

Diss Zinc 1 0.00 0.00 - 0.00 0.00 
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APPENDIX A. CHEYENNE RIVER AND TRIBUTARY WATER QUALITY SAMPLE DATA 
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AR-6: Angostura Irrigation Canal near dam 
 

(AR-6) 
Date Type 

Flow 
(cfs) 

Water 
Temp 

(C) Air Temp (F) 
Spec Cond 

(uS/cm) pH D.O. (mg/L) 
Turb 

(NTU) 

 5/31/05 monthly 85 16.6 75 3065 8.27 10.8 0.2 

 6/29/05 monthly 129 20.9 80  8.1 7.6 1.1 

 7/18/05 monthly 235 24.6 80  8.45 5.8 1.2 

 8/ 2/05 monthly 213 25.5 26 2766 8.31 8.29 1.4 

 

(AR-6) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) 

Ca 
(mg/L) 

 5/31/05 0.01 0.005 0.005 0.02 0.35 1581 161 398 

 6/29/05 0.11 0.005 0.019 0.1 0.52 1374 146 329 

 7/18/05 0.04 0.005 0.018 0.03 0.42 1290 130 305 

 8/ 2/05 0.005 0.005 0.014 0.01 0.35 1301 132 310 

 

(AR-6) 
Date Mg (mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Hardness as 
CaCO3 (mg/l) 

TDS TS-
TSS (mg/l) 

TDS 
Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

 5/31/05 103 230 10 1420 2730 2570 129 4.8 

 6/29/05 92.3 211 9.7 1200 2470 2250 124 4.9 

 7/18/05 83.3 206 10 1100 2330 2110 118 5.6 

 8/ 2/05 87.2 205 10.3 1130 2350 2130 112 5.4 

 
(AR-6) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) 

TS 
(mg/L)      

 5/31/05 2 0.5 2760      
 6/29/05 5 2.0 2489      
 7/18/05 3 1.0 2346      
 8/ 2/05 5 1.0 2391      

 
BC-1: Beaver Creek west of Burdock 
 

(BC-1) 
Date Type Flow (cfs) Water Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) Turb (NTU) 

9/25/2003 monthly 7.99 17.4 75 4664 7.63 9.6 16 

10/20/2003 monthly 2.51 14.1 80 4929 8.17 10.53 8 

10/28/2003 monthly        

11/17/2003 monthly 18.38 1.0 40 4747 8.16 12.55  

12/15/2003 monthly 0.00 -0.1 30 4422 8.05 12.70 9.1 

1/13/2004 monthly 0.00 -0.2 20 4330 7.69 13.21 4.0 

3/8/2004 snowmelt 34.08 0.4 50 2618 8.10 11.73 175 

3/23/2004 monthly 20.83 9.2 58 3994 8.18 12.02 3.0 

4/21/2004 monthly 1.52 12.0  5840 7.77 8.33 5.8 

5/17/2004 monthly 0.64 15.0  6811 7.84 9.58 9.6 

6/9/2004 monthly 0.09 14.6 60 7350 7.35 9.5 3.8 

7/13/2004 monthly 0.03 25.2 85 6305 8.51 11.4 4.6 

8/16/2004 monthly 2.50 20.5 80 7448 7.97 8.2 7.3 
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(BC-1) 
Date Type Flow (cfs) Water Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) Turb (NTU) 

9/14/2004 monthly 0.00 15.3 60 4221 7.71 7.4 1.5 

11/17/2004 monthly 14.39 1.8 45 3670 7.63 13.23 7.7 

12/13/2004 monthly 16.85 0.0 25 3735 7.73 14.96 5.1 

1/10/2005 monthly  -0.1 15 3214 7.64 6.97 2.7 

2/22/2005 monthly 26.40 0.7 45 3082 8.29 15 6.4 

3/24/2005 monthly  4.0  3689 7.82 12.86 2.7 

 4/19/2005 monthly 0.80 18.3 66 5563 7.86 10.4 8 

 4/21/2005 event 12.44 8.7 45 5011 8.04 10.35 16.9 

 5/12/05 event 79.34 9.9 43 2238 8.44 13.25 722.2 

 5/16/05 event 62.01 15.8 80 1836 8.16 11.45 870.2 

 5/23/05 monthly 1.99 20.8  3423 8.2 10.77 41.5 

 6/13/05 event  13.0 50 1668 8.23 8.4 1259 

 6/27/05 monthly 7.63 22.2 75  8.09 8.8 42.1 

 7/11/05 monthly 0.45 28.5 88  8.3 11.3 5.4 

 8/ 1/05 monthly 0.65 27.9 95 6562 8.41 11.58 1.2 

 

(BC-1) 
Date 

NO2 + 
NO3 

(mg/L) P Diss (mg/L) P Total (mg/L) 
NH3 Diss 

(mg/L) 
TKN 

(mg/L) 
SO4 

(mg/L) 
Cl 

(mg/L) Ca (mg/L) 

9/25/2003 0.05 0.030 0.040 0.01 0.50 1533 646 396.0 

10/20/2003 0.05 0.005 0.040 0.05 0.81 1702 648 376.0 

11/17/2003 0.28 0.037 0.128 0.11 0.76 1377 621 370.9 

12/15/2003 0.48 0.005 0.005 0.05 0.78 1426 553 510.0 

1/13/2004 0.56 0.028 0.005 0.05 0.49 1500 521.0 479.7 

3/8/2004 0.40 0.047 0.334 0.11 1.48 936 266.0 252.0 

3/23/2004 0.05 0.005 0.010 0.05 0.42 1377 596.1 390.2 

4/21/2004 0.05 0.022 0.113 0.05 0.89 2621 713 438.9 

5/17/2004 0.05 0.005 0.079 0.05 0.61 2714 861 463.0 

6/9/2004 0.05 0.140 0.040 0.05 0.80 2896 774.7 444.3 

7/13/2004 0.05 0.005 0.027 0.05 1.1 2169.2 983.9 347.0 

8/16/2004 0.05 0.029 0.090 0.05 1.0 2624.1 910.5 433.0 

9/14/2004 0.05 0.005 0.030 0.05 0.5 1314.3 502.6 252.0 

11/17/2004 0.12 0.01 0.03 0.01 0.2 1312.0 419.6 426.0 

12/13/2004 0.32 0.01 0.03 0.01 0.1 1470.0 415.0 445.0 

1/10/2005 0.65 0.005 0.005 0.13 0.39 1510 167 468 

2/22/2005 1.96 0.005 0.022 0.005 0.32 1282 210 393 

3/24/2005 0.02 0.005 0.024 0.04 0.33 1684 483 421 

 4/19/2005 0.02 0.005 0.062 0.06 0.94 2206 702 493 

 4/21/2005 0.02 0.011 0.054 0.04 0.85 1991 611 439 

 5/12/05 0.19 0.014 0.63 0.06 3 840 111 124 

 5/16/05 1.02 0.013 0.65 0.1 3 670.7 81.3 100 

 5/23/05 0.005 0.014 0.114 0.02 1.36 1180 372 201 

 6/13/05 0.59 0.013 2.22 0.03 13.6 496.6 154 93 

 6/27/05 0.51 0.012 0.132 0.06 0.8 1593 538 383 

 7/11/05 0.02 0.005 0.036 0.05 0.57 2550 745 516 
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(BC-1) 
Date 

NO2 + 
NO3 

(mg/L) P Diss (mg/L) P Total (mg/L) 
NH3 Diss 

(mg/L) 
TKN 

(mg/L) 
SO4 

(mg/L) 
Cl 

(mg/L) Ca (mg/L) 

 8/ 1/05 0.005 0.005 0.019 0.005 0.66 2829 791 499 

 

(BC-1) 
Date 

Mg 
(mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 
(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) TOC (mg/L) 

9/25/2003 116.0 500 7.3 1467 3656.0 3262 107  

10/20/2003 125.0 592 6.6 1454 4240.0 3537 146 2.8 

11/17/2003 106.8 451 5.6 1366 3551.9 3037 174 2.9 

12/15/2003 112.0 426 4.3 1735 3598.0 3161 216 1.9 

1/13/2004 119.9 425 4.5 1692 3786.5 3194 238 2.8 

3/8/2004 61.7 237 3.6 883 1995.7 1842 143 5.9 

3/23/2004 97.1 454 4.1 1374 3498.4 3019 168 3.0 

4/21/2004 165.3 894 8.0 1777 5288.4 4952 187 7.4 

5/17/2004 199.8 1062 11.3 1979 6001.9 5420 182 6.0 

6/9/2004 213.0 1050.0 12.6 1987 6236.5 5466 125.7 6.5 

7/13/2004 159.0 1040.0 11.7 1521.2 5041.7 4738.9 46.8 8.6 

8/16/2004 209.0 1100.0 11.7 1941.9 8039.6 5355.7 112.3 9.0 

9/14/2004 102.0 514.0 7.5 1049.3 3186.5 2728.1 59.5 5.4 

11/17/2004 109.0 322.0 4.4 1512.6 2994.2 2687.9 158.2 1.1 

12/13/2004 106.0 313.0 3.9 1547.7 3027.0 2861.3 2.5 2.8 

1/10/2005 103.0 211 3.8  2600  208 2.5 

2/22/2005 91.1 236 3.2  2330  167 2.3 

3/24/2005 126.0 448 4.5 1570 3420 3250  4 

 4/19/2005 160 681 6.5 1890 4510 4340 148 5.5 

 4/21/2005 151 600 6.1 1720 3950 3880 137 5.2 

 5/12/05 43.4 290 9 488 1520 1510 148 17.2 

 5/16/05 30.7 243 6.3 376 1240 1220 125 18.2 

 5/23/05 84.7 485 8.4 851 2590 2430 152 10 

 6/13/05 32.8 196 5.3 367 1080 1050 107 49.9 

 6/27/05 119 499 5.9 1450 3520 3220 126 7.3 

 7/11/05 185 738 8.1 2050 5130 4810 111 6 

 8/ 1/05 211 861 9.8 2110 5670 5240 62.9 6.9 

 

(BC-1) 
Date 

TSS 
(mg/L) TVS (mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/25/2003 28 24.0 3684 12.5 330 1.0 285 44.5 

10/20/2003 12 10.0 4252 12.5 166.8 1.0 293.0 37.1 

11/17/2003 36 32.1 3588 12.5 441.2 1.0 216.0 12.5 

12/15/2003 34 29.6 3632 12.5 407.8 2.7 171.0 28.3 

1/13/2004 10 7.1 3796 12.5 105.8 1.0 178.0 25.6 

3/8/2004 268 241.8 2264      

3/23/2004 6 3.2 3504      

4/21/2004 12 8.8 5300 12.5 12.5 1.0 420.9 34.1 

5/17/2004 18 14.5 6020      

6/9/2004 15.5 12.5 6252      
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(BC-1) 
Date 

TSS 
(mg/L) TVS (mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

7/13/2004 10.3 6.7 5052.0      

8/16/2004 20.4 15.7 8060.0      

9/14/2004 13.5 9.1 3200.0      

11/17/2004 17.8 13.9 3012.0      

12/13/2004 43.0 6.0 3070.0      

1/10/2005 11 1.0 2796      

2/22/2005 17 2.0 2555      

3/24/2005 10 2.0 3548      

 4/19/2005 18 5.0 4579      

 4/21/2005 35 7.0 4076      

 5/12/05 1305 92.0 2942      

 5/16/05 1420 106.0 2729      

 5/23/05 73 9.0 2722      

 6/13/05 9074 488.0 10630      

 6/27/05 93 11.0 3660      

 7/11/05 13 2.0 5053      

 8/ 1/05 9 2.0 5735      

 

(BC-1) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron 

(ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

9/25/2003 2.5 5.0 5.0 5.0 5.0 513 127 58.5 

10/20/2003 2.5 5.0 5.0 5.0 5.0 73.6 149.6 44.5 

11/17/2003 2.5 5.0 5.0 5.0 5.0 677.0 80.0 126.8 

12/15/2003 2.5 5.0 5.0 5.0 5.0 362.0 67.0 92.9 

1/13/2004 2.5 5.0 5.0 5.0 5.0 124.0 77.0 85.9 

4/21/2004 2.5 5.0 5.0 12.9 14.9 12.5 242.9 636.7 

 

(BC-1) 
Date 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfur 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

Dissolved 
Vanadium 

(ug/L) 

9/25/2003 12.5 3.8 564700 12.5 2.0 927 12.5 12.5 

10/20/2003 12.5 1.0 671000 12.5 2.4 50 12.5 12.5 

11/17/2003 12.5 10.1 512000 12.5 0.5 4300 12.5 12.5 

12/15/2003 12.5 14.3 522000 12.5 11.8 6040 12.5 12.5 

1/13/2004 12.5 7.5 564000 12.5 8.4 5690 12.5 12.5 

4/21/2004 12.5 2.5 652300 48.4 0.5 50 90.6 12.5 

 
(BC-1) 
Date Dissolved Zinc (ug/L) 

Fecal Coliform 
(colonies/100mL) E.Coli (colonies/100mL) 

9/25/2003 12.5   

10/20/2003 12.5   

10/28/2003  50.0 74.9 

11/17/2003 12.5 40.0 21.3 

12/15/2003 52.3 10.0 6.3 

1/13/2004 12.5 5.0 1.0 

3/8/2004  5.0 2.0 
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(BC-1) 
Date Dissolved Zinc (ug/L) 

Fecal Coliform 
(colonies/100mL) E.Coli (colonies/100mL) 

3/23/2004  30.0 25.6 

4/21/2004 12.5 24.6 5.0 

5/17/2004  120.0 173.0 

6/9/2004  160.0 144.0 

7/13/2004  170.0 14.2 

8/16/2004  40.0 1.0 

9/14/2004  20.0 5.1 

11/17/2004  30.0 10.9 

12/13/2004  5.0 7.4 

2/22/2005  5.0 0.5 

3/24/2005  5.0 0.5 

 4/19/2005  5.0 12.0 

 4/21/2005  30.0 206.0 

 5/12/05  4400.0 168.0 

 5/16/05  170.0 132.0 

 5/23/05  30.0 6.2 

 6/13/05  21000.0 >2420 

 6/27/05  110.0 23.8 

 7/11/05  70.0 10.9 

 8/ 1/05  10.0 1.0 

 
CA-1: Cascade Creek near Cheyenne River 
 

(CA-1) 
Date Type Flow (cfs) 

Water 
Temp (C) 

Air Temp 
(F) 

Spec Cond 
(uS/cm) pH 

D.O. 
(mg/L) 

Turb 
(NTU) 

9/26/2003 monthly 13.45 18.1 60 2537 7.55 8.45 1 

10/21/2003 monthly 24.98 16.9 75 2455 8.08 9.00 0 

11/18/2003 monthly 25.04 14.1 43 2343 8.05 8.62  

12/17/2003 monthly 19.39 14.3 38 2563 8.06 9.39 0.2 

1/14/2004 monthly 21.89 13.8 40 2559 8.05 9.26 0.3 

2/10/2004 monthly 21.74 13.7 35 2513 8.11 10.31 0.4 

3/9/2004 snowmelt 24.17 18.6 65 2428 8.01 11.43 0 

3/24/2004 monthly 26.62 17.1 65 2578 7.96 9.00 0.1 

4/20/2004 monthly 14.84 16.4  2312 7.87 8.40 0.2 

5/18/2004 monthly 16.27 17.6 65 2531 8.03 8.38 0.3 

6/8/2004 monthly 12.48 18.6  2608 8.06 9.3 0.4 

7/14/2004 monthly 12.28 21.5 90 2543 7.99 9.6 0.6 

8/23/2004 monthly 21.47 20.3 85 2604 8.18 9.4 0.1 

9/15/2004 monthly 24.98 18.1 70 2627 7.95 8.5 0.1 

10/13/2004 monthly 20.27 16.7 60 2548 7.7 9.2 1.2 

11/22/2004 monthly 24.59 13.7 32 2493 7.97 9.59 0.8 

12/14/2004 monthly 25.98 12.9 38 2558 7.94 11.67 0.0 

1/11/2005 monthly  13.5 30 2482 7.06 8.89 0.0 

3/2/2005 monthly 24.70 15.6 50 2179 7.72 9.3 -0.5 

3/23/2005 monthly 24.40 15.5 40 2196 8.13 9.68 -0.8 

 4/18/2005 monthly 12.78 18.5 78 2202 8.02 8.21 -0.4 
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(CA-1) 
Date Type Flow (cfs) 

Water 
Temp (C) 

Air Temp 
(F) 

Spec Cond 
(uS/cm) pH 

D.O. 
(mg/L) 

Turb 
(NTU) 

 5/18/05 monthly 19.20 20.7  2554 7.89 10.53 2.1 

 6/30/05 monthly 16.01 19.2 80  8 9 1.2 

 7/13/05 monthly 16.11 22.3 90  8.28 8.6 0 

 8/ 2/05 monthly 16.30 21.2 90 2605 7.89 9.95 -1.1 

 

(CA-1) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/26/2003 0.30 0.020 0.005 0.01 0.10 1389 47 537.0 

10/21/2003 0.33 0.090 0.060 0.05 0.30 1243 48 506.0 

11/18/2003 0.36 0.053 0.058 0.05 0.20 1401 48 488.0 

12/17/2003 0.39 0.005 0.049 0.05 0.27 1453 48 516.7 

1/14/2004 0.38 0.021 0.005 0.05 0.10 1362 43.2 517.5 

2/10/2004 0.35 0.023 0.066 0.05 0.10 1504 38.6 504.2 

3/9/2004 0.28 0.025 0.005 0.05 0.10 1334 47.0 490.1 

3/24/2004 0.38 0.005 0.005 0.05 0.10 1453 46.9 498.3 

4/20/2004 0.30 0.036 0.011 0.05 0.33 1332 50 506.4 

5/18/2004 0.28 0.015 0.016 0.05 0.24 1415 56 531.7 

6/8/2004 0.05 0.005 0.050 0.05 0.40 1414 1 496.4 

7/14/2004 0.28 0.019 0.005 0.05 0.2 1474.4 53.6 589.0 

8/23/2004 0.28 0.024 0.005 0.05 0.2 1526.1 53.3 578.0 

9/15/2004 3.63 0.005 0.014 0.10 0.2 1414.9 60.0 540.0 

10/13/2004 0.30 0.01 0.21 0.05 0.5 1459.0 48.4 527.0 

11/22/2004 0.36 0.01 0.01 0.01 0.1 1336.6 52.3 511.0 

12/14/2004 0.34 0.01 0.01 0.01 0.0 1470.0 169.0 529.0 

1/11/2005 0.36 0.005 0.005 0.02 0.12 1491 29.7 514 

3/2/2005 0.35 0.005 0.005 0.02 0.12 1503 29.7 525 

3/23/2005 0.33 0.014 0.016 0.02 0.1 1494 41.1 535 

 4/18/2005 0.39 0.005 0.005 0.06 0.14 1531 42.1 541 

 5/18/05 0.27 0.014 0.005 0.02 0.12 1441 41.4 519 

 6/30/05 0.28 0.005 0.005 0.02 0.12 1521 46.8 536 

 7/13/05 0.34 0.005 0.005 0.005 0.12 1492 41.7 527 

 8/ 2/05 0.28 0.005 0.005 0.005 0.09 1453 42.6 543 

 

(CA-1) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/26/2003 79.0 44 7.2 1666 2467.0 2206 172  

10/21/2003 80.0 35 5.1 1593 2488.0 2027 183 10.6 

11/18/2003 82.1 37 0.5 1557 2485.6 2160 174 0.5 

12/17/2003 77.4 53 7.1 1609 2515.6 2261 176 0.5 

1/14/2004 78.6 36 5.6 1616 2672.2 2151 179 0.5 

2/10/2004 79.3 43 6.2 1586 2676.8 2279 173 0.5 

3/9/2004 75.4 34 4.1 1534 2549.2 2087 170 0.5 

3/24/2004 76.5 46 5.0 1559 2518.4 2229 172 0.5 

4/20/2004 73.8 33 6.8 1569 2528.0 2105 173 1.1 

5/18/2004 83.0 59 6.7 1669 2586.0 2035 177 0.5 
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(CA-1) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

6/8/2004 76.1 33 7.4 1553 2441.7 2127 165 0.5 

7/14/2004 88.3 38.1 6.2 1834.4 2728.0 2348.4 164.4 0.5 

8/23/2004 79.3 34.5 3.8 1769.8 2137.8 2381.4 176.8 0.5 

9/15/2004 72.2 32.0 4.6 1645.7 2482.9 2233.7 177.3 0.5 

10/13/2004 84.4 34.9 5.2 1663.5 2262.7  172.5 0.5 

11/22/2004 83.5 34.0 5.2 1619.8 2441.3 2125.1 170.9 0.5 

12/14/2004 83.8 39.1 5.3 1666.0 2395.0 2393.6 2.5 0.6 

1/11/2005 82.6 48.3 5.4  2290  161 0.7 

3/2/2005 85.0 34.5 5.7   2300 167 0.5 

3/23/2005 82.6 32.6 5.3 1680 2360 2310  1.1 

 4/18/2005 82.5 34.7 5.2 1690 2430 2360 167 0.5 

 5/18/05 83.1 33.8 5 1640 2440 2240 167 0.9 

 6/30/05 83.3 35.4 5.1 1680 2550 2360 184 0.8 

 7/13/05 81.8 34.6 4.7 1650 2410 2310 174 0.9 

 8/ 2/05 80.9 38.2 5.5 1690 2470 2290 180 1.2 

 

(CA-1) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/26/2003 5 4.0 2472 12.5 12.5 1.0 161 12.5 

10/21/2003 4 2.0 2492 12.5 12.5 2.2 158.0 12.5 

11/18/2003 2 1.6 2488 12.5 12.5 1.0 155.0 12.5 

12/17/2003 8 6.0 2524 12.5 12.5 1.0 124.0 12.5 

1/14/2004 12 2.2 2684 12.5 25.6 1.0 113.0 12.5 

2/10/2004 3 1.4 2680 12.5 12.5 1.0 170.4 12.5 

3/9/2004 3 2.4 2552      

3/24/2004 6 4.4 2524      

4/20/2004 4 2.8 2532 12.5 12.5 1.0 172.9 25.9 

5/18/2004 2 1.2 2588      

6/8/2004 6.3 5.4 2448      

7/14/2004 4.0 3.1 2732.0      

8/23/2004 2.2 0.3 2140.0      

9/15/2004 5.1 3.4 2488.0      

10/13/2004 2.4 1.4 2332.0      

11/22/2004 2.7 1.8 2444.0      

12/14/2004 7.0 0.5 2402.0      

1/11/2005 5 0.5 2397      

3/2/2005 6 0.5 2458      

3/23/2005 6 1.0 2385      

 4/18/2005 6 3.0 2442      

 5/18/05 2 0.5 2514      

 6/30/05 3 0.5 2537      

 7/13/05 2 0.5 2456      

 8/ 2/05 4 0.5 2505      
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(CA-1) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

9/26/2003 2.5 5.0 5.0 5.0 5.0 65.0 79.0 12.5 

10/21/2003 2.5 5.0 5.0 5.0 5.0 37.0 78.0 12.5 

11/18/2003 2.5 5.0 5.0 5.0 5.0 43.0 96.4 12.5 

12/17/2003 2.5 5.0 5.0 5.0 5.0 45.0 74.0 12.5 

1/14/2004 2.5 5.0 5.0 5.0 5.0 32.0 71.0 12.5 

2/10/2004 2.5 5.0 5.0 5.0 5.0 12.5 74.0 12.5 

4/20/2004 2.5 5.0 5.0 5.0 13.3 12.5 78.3 12.5 

 

(CA-1) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfur 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

9/26/2003 18.6 12.5 2.4 516000 12.5 3.9 8560 12.5 

10/21/2003 17.6 12.5 1.0 505000 12.5 5.9 8869 12.5 

11/18/2003 13.7 12.5 5.8 575900 12.5 3.1 9755 12.5 

12/17/2003 17.3 12.5 20.2 501000 12.5 5.5 8640 12.5 

1/14/2004 17.7 12.5 4.3 500000 12.5 6.4 8560 12.5 

2/10/2004 15.1 12.5 22.4 416500 12.5 0.5 6632 12.5 

4/20/2004 14.5 12.5 2.5 409700 12.5 0.5 6474 43.7 

 

(CA-1) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

9/26/2003 12.5 12.5   

10/21/2003 12.5 12.5   

11/18/2003 12.5 12.5 10.0 3.1 

12/17/2003 12.5 33.4 5.0 8.6 

1/14/2004 12.5 12.5 5.0 3.1 

2/10/2004 12.5 12.5 5.0 4.1 

3/9/2004   5.0 0.5 

3/24/2004   5.0 0.5 

4/20/2004 12.5 34.2 5.0 0.5 

5/18/2004   30.0 5.2 

6/8/2004   5.0 7.4 

7/14/2004   5.0 9.6 

8/23/2004   20.0 7.2 

9/15/2004   20.0 15.8 

10/13/2004   5.0 9.8 

11/22/2004   5.0 2.0 

12/14/2004   5.0 7.4 

1/11/2005   5.0 0.5 

3/2/2005   5.0 1.0 

3/23/2005   5.0 0.5 

 4/18/2005   1.0 10.0 

 5/18/05     

 6/30/05   5.0 6.1 

 7/13/05   5.0  
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 8/ 2/05   5.0 1.0 

 
CC-1: Cottonwood Creek south of Edgemont 
 

(CC-1) 
Date Type Flow (cfs) 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 

9/26/2003 monthly 0.29 15.3 60 2900 7.02 10.36 2 

10/21/2003 monthly 0.64 11.7 60 2540 7.93 11.59 5 

11/17/2003 monthly 0.82 7.8 48 3347 7.81 10.57  

12/16/2003 monthly 1.08 4.0 34 3593 7.82 10.73 3.9 

1/13/2004 monthly  1.8 33 3230 7.73 11.17 2.7 

2/9/2004 monthly  4.1 34 2643 7.81 12.64 2.4 

3/8/2004 snowmelt 1.53 8.1 58 3048 8.05 13.45 3 

3/23/2004 monthly 4.62 12.5 64 4960 8.17 12.77 15.2 

4/20/2004 monthly 0.65 15.4  3449 7.94 10.79 2.8 

5/18/2004 monthly 0.48 14.6  2626 7.83 10.59 1.0 

6/7/2004 monthly 0.00 24.8 80 3092 7.93 11.6 3.8 

7/14/2004 monthly 0.00 19.2  3213 8.06 7.8 3.0 

8/4/2004 monthly 1.15 24.8  3505 7.76 16.2 1.3 

8/16/2004 monthly 0.09 20.5 80 3400 7.75 10.2 1.6 

9/14/2004 monthly 0.33 18.2 65 2832 7.88 10.9 2.3 

10/12/2004 monthly 0.48 15.1 67 2541 7.83 7.31 1.2 

11/18/2004 monthly 0.52 4.0 40 2485 7.71 11.99 9.5 

12/14/2004 monthly 0.66 2.6 35 3520 7.88 12.5 8.6 

1/10/2005 monthly 1.31 2.0 28 3247 7.46 7.35 20.7 

2/23/2005 monthly 0.73 6.5 40 3139 8.12 14.3 2.5 

3/24/2005 monthly  4.9 30 3081 8.03 12.99 2.3 

 4/18/2005 monthly 0.54 16.3 72 2874 8.26  4.1 

 4/21/2005 event 2.71 8.9 40 3903 8.12 10.84 5 

 5/23/05 monthly 0.83 24.0 80 3695 8.38 15.93 1.4 

 6/13/05 event  12.4 50 1069 7.88 9.3 1257 

 6/27/05 monthly 2.44 24.7 80  8.04 9.1 3.8 

 7/13/05 monthly 0.42 21.4 90  8.13 7.2 2.5 

 8/ 1/05 monthly 0.28 26.6 90 3260 7.75 14.52 0.9 

 

(CC-1) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/26/2003 0.05 0.050 0.005 0.01 0.50 854 392 223.0 

10/21/2003 0.05 0.110 0.005 0.05 0.52 691 373 177.0 

11/17/2003 0.05 0.016 0.045 0.05 0.40 1036 340 193.6 

12/16/2003 0.05 0.031 0.005 0.05 0.50 1270 367 240.0 

1/13/2004 0.05 0.038 0.005 0.05 0.35 1045 359.9 234.0 

2/9/2004 0.05 0.005 0.041 0.05 0.10 768 343.3 187.5 

3/8/2004 0.05 0.005 0.013 0.05 0.34 1081 261.1 185.1 

3/23/2004 1.90 0.005 0.092 0.27 2.04 2887 105.8 292.9 

4/20/2004 0.05 0.028 0.105 0.05 0.50 1493 320 205.9 
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(CC-1) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

5/18/2004 0.05 0.005 0.032 0.05 0.39 743 323 172.5 

6/7/2004 0.05 0.060 0.020 0.05 0.40 1051 365 258.2 

7/14/2004 0.05 0.005 0.005 0.05 0.3 1086.2 367.6 336.0 

8/16/2004 0.05 0.033 0.068 0.05 0.7 1101.5 379.3 298.0 

9/14/2004 3.38 0.021 0.005 0.05 0.5 593.5 384.2 174.0 

10/12/2004 0.05 0.01 0.05 0.05 0.5 695.2 357.2 197.0 

11/18/2004 0.02 0.01 0.05 0.01 0.2 574.8 352.0 183.0 

12/14/2004 0.02 0.03 0.04 0.01 0.3 1120.0 437.0 234.0 

1/10/2005 0.25 0.014 0.048 0.04 0.36 1056 301 218 

2/23/2005 0.03 0.005 0.027 0.005 0.3 1208 237 212 

3/24/2005 0.5 0.014 0.032 0.2 0.34 1433 323 234 

 4/18/2005 0.02 0.005 0.018 0.05 0.55 1180 371 244 

 4/21/2005 0.07 0.016 0.028 0.06 0.4 1500 351 230 

 5/23/05 0.005 0.011 0.015 0.005 0.34 1381 359 221 

 6/13/05 0.72 0.018 0.43 0.03 2.3 405.4 46.4 94.4 

 6/27/05 0.07 0.016 0.058 0.04 0.64 1912 185 299 

 7/13/05 0.07 0.005 0.012 0.03 0.32 2335 361 396 

 8/ 1/05 0.005 0.005 0.035 0.005 0.51 1049 351 232 

 

(CC-1) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 
(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/26/2003 70.0 291 24.6 847 2120.0 1953 165  

10/21/2003 58.0 281 19.2 680 1888.0 1705 175 2.6 

11/17/2003 90.2 369 18.6 855 2476.8 2163 193 2.8 

12/16/2003 80.1 460 19.3 929 2835.9 2578 237 3.1 

1/13/2004 101.0 430 19.8 1000 2608.9 2326 227 3.4 

2/9/2004 63.8 321 19.5 731 2062.0 1825 204 2.2 

3/8/2004 84.6 365 13.0 811 2378.4 2096 176 4.8 

3/23/2004 245.0 628 17.9 1740 5055.1 4276 161 14.5 

4/20/2004 111.9 492 15.1 975 3286.8 2746 178 6.1 

5/18/2004 68.5 315 19.2 713 2002.0 1715 124 2.5 

6/7/2004 79.4 318 16.9 972 2449.0 2207 198 2.3 

7/14/2004 92.7 345.0 16.8 1220.7 2647.5 2380.8 227.4 2.2 

8/16/2004 83.0 354.0 14.0 1085.9 2418.6 2367.6 229.7 2.8 

9/14/2004 58.6 258.0 17.7 675.8 2024.2 1590.2 167.9 4.4 

10/12/2004 65.0 279.0 18.6 759.6 1715.9  173.1 1.6 

11/18/2004 61.1 263.0 18.0 708.6 1704.6 1551.6 166.2 0.5 

12/14/2004 101.0 423.0 21.1 1000.2 2686.0 2469.9 2.5 3.2 

1/10/2005 88.7 390 19.3  2240  235 2.6 

2/23/2005 96.5 409 15.2  2310  203 3.3 

3/24/2005 111.0 448 14.8 1040 2790 2690  5 

 4/18/2005 98.1 407 17.4 1010 2550 2440 175 3.9 

 4/21/2005 119 510 16 1060 3010 2840 167 5.1 

 5/23/05 114 483 17 1020 2930 2680 149 4.8 
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(CC-1) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 
(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

 6/13/05 25.2 96.6 6.7 339 809 769 144 12.2 

 6/27/05 155 486 14.9 1380 3570 3200 218 8.8 

 7/13/05 169 626 15.3 1680 4410 4080 279 5.7 

 8/ 1/05 88.7 347 20 945 2420 2230 198 5.6 

 

(CC-1) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/26/2003 8 5.0 2128 12.5 180 3.3 746 47.9 

10/21/2003 12 8.0 1900 12.5 85.6 4.6 646.0 48.3 

11/17/2003 7 4.4 2484 12.5 33.3 3.2 626.0 50.3 

12/16/2003 12 8.9 2848 12.5 89.7 5.2 657.0 50.8 

1/13/2004 7 6.2 2616 12.5 75.1 4.4 607.0 52.7 

2/9/2004 2 0.5 2064 12.5 41.2 4.2 603.1 59.6 

3/8/2004 6 3.6 2384      

3/23/2004 25 20.9 5080      

4/20/2004 5 2.4 3292 12.5 12.5 1.0 708.0 28.5 

5/18/2004 2 1.2 2004      

6/7/2004 7 5.2 2456      

7/14/2004 8.5 5.4 2656.0      

8/16/2004 37.4 28.3 2456.0      

9/14/2004 3.8 1.7 2028.0      

10/12/2004 4.3 1.4 1788.0      

11/18/2004 15.4 11.5 1720.0      

12/14/2004 24.0 6.0 2710.0      

1/10/2005 39 4.0 2533      

2/23/2005 13 3.0 2602      

3/24/2005 12 0.5 2910      

 4/18/2005 9 3.0 2619      

 4/21/2005 11 3.0 3083      

 5/23/05 3 0.5 3018      

 6/13/05 1290 104.0 2042      

 6/27/05 8 0.5 3631      

 7/13/05 9 2.0 4411      

 8/ 1/05 4 2.0 2476      

 

(CC-1) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

9/26/2003 2.5 5.0 5.0 5.0 5.0 304 551 180 

10/21/2003 2.5 5.0 5.0 5.0 5.0 353.5 449.8 185.8 

11/17/2003 2.5 5.0 5.0 5.0 5.0 232.0 433.0 152.9 

12/16/2003 2.5 5.0 5.0 5.0 5.0 283.0 476.0 150.0 

1/13/2004 2.5 5.0 5.0 5.0 5.0 254.0 432.0 210.9 

2/9/2004 2.5 5.0 5.0 5.0 5.0 264.0 460.2 179.3 

4/20/2004 2.5 5.0 5.0 11.7 12.2 12.5 558.8 130.3 
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(CC-1) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfur 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

9/26/2003 5.0 12.5 4.2 292100 12.5 3.7 9009 12.5 

10/21/2003 5.0 12.5 6.4 253000 12.5 6.4 11210 12.5 

11/17/2003 5.0 12.5 7.8 435500 12.5 3.8 11470 12.5 

12/16/2003 5.0 12.5 11.3 426000 12.5 8.0 11200 12.5 

1/13/2004 5.0 12.5 8.3 386000 12.5 9.0 11800 12.5 

2/9/2004 5.0 12.5 29.2 201500 12.5 1.9 10290 12.5 

4/20/2004 12.1 28.9 2.5 441000 32.8 1.1 5397 71.8 

 

(CC-1) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

9/26/2003 12.5 12.5   

10/21/2003 12.5 12.5   

11/17/2003 12.5 12.5 20.0 30.5 

12/16/2003 12.5 45.6 5.0 9.6 

1/13/2004 12.5 25.7 10.0 3.1 

2/9/2004 12.5 12.5 5.0 4.1 

3/8/2004   10.0 6.3 

3/23/2004   5.0 2.0 

4/20/2004 12.5 12.5 5.0 4.1 

5/18/2004   40.0 53.6 

6/7/2004   115.0 90.0 

7/14/2004   160.0 65.7 

8/4/2004     

8/16/2004   90.0 25.3 

9/14/2004   90.0 3.5 

10/12/2004   10.0 9.8 

11/18/2004   5.0 0.5 

12/14/2004   5.0 2.0 

1/10/2005   20.0 3.1 

2/23/2005   5.0 0.5 

3/24/2005   5.0 0.5 

 4/18/2005   5.0 3.1 

 4/21/2005   120.0 49.6 

 5/23/05   20.0 44.1 

 6/13/05   3000.0 >2420 

 6/27/05   30.0 61.6 

 7/13/05   50.0 84.2 

 8/ 1/05   10.0 6.2 

 
CR-1: Cheyenne River near Wyoming border 
 

(CR-1) 
Date Type Flow (cfs) 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
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(CR-1) 
Date Type Flow (cfs) 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 

9/25/2003 monthly 0.03 20.4 75 5439 7.92 13.7 5 

10/20/2003 monthly 0.02 18.3 80 10940 8.18 10.36 4 

11/18/2003 monthly 0.60 6.0 40 4803 8.17 10.43  

12/15/2003 monthly 0.00 -0.1 30 5642 8.05 11.06 4.5 

3/8/2004 snowmelt 5.02 4.4 50 4126 8.22 11.77 15 

3/23/2004 monthly 0.51 13.1 58 4944 8.14 8.36 13.0 

4/21/2004 monthly 0.05 15.9  5613 8.00 9.39 1.9 

5/17/2004 monthly 0.66 16.9 55 5186 7.84 9.08 6.3 

6/9/2004 monthly 0.05 14.8  6249 7.54 10.0 2.3 

7/13/2004 monthly 0.08 25.3 85 7169 7.39 10.1 3.7 

8/16/2004 monthly 0.00 17.4 85 8338 8.02 5.1 12 

11/17/2004 monthly 0.01 4.6 45 8142 7.15 11.05 1.5 

2/22/2005 monthly 0.02 5.0 45 7336 7.97 10.9 0.1 

3/24/2005 monthly 0.07 6.3 30 6335 7.72 12.79 0.4 

 4/19/2005 monthly 0.02 22.8 64 8384 8 11.99 1.2 

 4/21/2005 event 0.12 7.2 45 7108 8.13 10.1 1.8 

 5/16/05 event 41.23 18.9 80 4630 8.07 11.02 93 

 5/23/05 monthly 5.22 21.8 78 1886 8.18 11.03 38.4 

 6/13/05 event 47.48 12.7 50 2358 8.63 9.82 540 

 6/27/05 monthly 22.58 20.6 70  8.14 9.2 160 

 7/11/05 monthly 5.76 27.8 88  8.32 8.4 35.6 

 8/ 1/05 monthly 0.03 29.8 90 5075 7.3 7.02 4.5 

 

(CR-1) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/25/2003 0.05 0.040 0.005 0.04 0.70 2565 102 282.0 

10/20/2003 0.05 0.005 0.005 0.05 0.64 2714 103 238.0 

11/18/2003 0.05 0.040 0.109 0.05 0.46 2854 83 272.8 

12/15/2003 0.05 0.005 0.005 0.05 0.49 2670 109 354.9 

3/8/2004 0.05 0.024 0.013 0.05 0.39 1969 73.5 244.3 

3/23/2004 0.05 0.005 0.018 0.05 0.53 2463 98.0 265.1 

4/21/2004 0.05 0.016 0.163 0.05 0.56 3214 117 304.8 

5/17/2004 0.05 0.013 0.033 0.05 0.58 2495 140 287.1 

6/9/2004 0.05 0.020 0.005 0.05 0.70 3259 132.9 340.9 

7/13/2004 0.05 0.005 0.005 0.05 0.6 3566.1 153.1 441.0 

8/16/2004 0.05 0.034 0.046 0.05 0.9 4341.1 158.1 502.0 

11/17/2004 0.01 0.01 0.02 0.01 0.5 4204.3 181.6 479.0 

2/22/2005 0.04 0.005 0.01 0.02 0.54 4641 84.6 393 

3/24/2005 0.71 0.015 0.005 0.08 0.48 4479 120 409 

 4/19/2005 0.03 0.005 0.005 0.04 0.66 4948 126 460 

 4/21/2005 0.18 0.005 0.005 0.06 0.48 4286 106 385 

 5/16/05 0.02 0.015 0.096 0.01 1 2144 85.7 219 

 5/23/05 0.01 0.011 0.025 0.01 0.8 1240 43.7 148 

 6/13/05 0.22 0.017 0.56 0.04 1.75 1161 29.7 122 
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(CR-1) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

 6/27/05 0.03 0.005 0.18 0.04 1.05 1248 60.4 145 

 7/11/05 0.02 0.005 0.057 0.04 0.64 1023 40.2 127 

 8/ 1/05 0.005 0.005 0.015 0.005 0.43 2632 85 289 

 

(CR-1) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/25/2003 128.0 839 14.9 1233 4830.0 4084 255  

10/20/2003 116.0 863 13.8 1071 4961.0 4203 260 7.7 

11/18/2003 127.1 780 11.9 1205 4623.1 3765 229 7.0 

12/15/2003 148.0 919 11.5 1496 5060.8 4390 296 7.3 

3/8/2004 99.8 646 7.9 1021 3469.9 3171 217 5.4 

3/23/2004 117.7 880 12.2 1147 4985.5 3992 261 7.3 

4/21/2004 141.4 1106 16.3 1343 5326.4 5055 259 9.3 

5/17/2004 130.2 946 15.0 1253 4685.2 4173 268 6.8 

6/9/2004 156.0 965.0 16.2 1494 5594.4 5026 260.6 6.9 

7/13/2004 196.0 1320.0 19.3 1908.3 6737.2 5846.1 251.1 8.4 

8/16/2004 242.0 1490.0 20.4 2250.1 7554.1 6925.8 286.9 9.4 

11/17/2004 252.0 1440.0 15.2 2233.8 7766.7 6719.6 245.8 8.6 

2/22/2005 215.0 1330 12.4  6840  257 8.3 

3/24/2005 221.0 1370 14.7 1930 7060 6770  9.1 

 4/19/2005 243 1560 16.9 2150 7640 7520 249 9.7 

 4/21/2005 219 1390 14.2 1860 6330 6540 212 8 

 5/16/05 99 817 12.2 955 3650 3610 359 11.9 

 5/23/05 56.3 425 8.8 601 2230 2080 239 11.3 

 6/13/05 61 372 8 556 1920 1850 139 13.4 

 6/27/05 63.8 453 11.5 625 2220 2170 293 11.9 

 7/11/05 51.6 334 10.7 530 1870 1730 217 7.9 

 8/ 1/05 130 839 16.6 1260 4450 4150 235 8.4 

 

(CR-1) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/25/2003 14 10.0 4844 12.5 590 2.0 378 47.9 

10/20/2003 7 5.0 4968 12.5 30.2 2.4 315.0 42.3 

11/18/2003 13 10.4 4636 12.5 111.2 1.0 233.0 30.6 

12/15/2003 19 16.3 5080 12.5 71.8 3.4 216.0 31.3 

3/8/2004 34 29.7 3504      

3/23/2004 22 18.9 5008      

4/21/2004 6 4.0 5332 12.5 12.5 1.0 301.8 28.8 

5/17/2004 11 8.8 4696      

6/9/2004 9.6 8.3 5604      

7/13/2004 10.8 7.6 6748.0      

8/16/2004 53.9 45.7 7608.0      

11/17/2004 9.3 6.2 7776.0      

2/22/2005 13 0.5 7233      
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(CR-1) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

3/24/2005 12 1.0 7253      

 4/19/2005 12 5.0 7888      

 4/21/2005 13 6.0 6552      

 5/16/05 149 17.0 3998      

 5/23/05 40 5.0 2316      

 6/13/05 629 53.0 2596      

 6/27/05 246 22.0 2494      

 7/11/05 63 7.0 1903      

 8/ 1/05 6 0.5 4580      

 

(CR-1) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

9/25/2003 2.5 5.0 5.0 5.0 5.0 334 217 590 

10/20/2003 2.5 5.0 5.0 5.0 10.9 178.6 178.7 529.0 

11/18/2003 2.5 5.0 5.0 5.0 5.0 203.0 138.0 366.7 

12/15/2003 2.5 5.0 5.0 5.0 10.5 157.0 139.0 598.5 

4/21/2004 2.5 5.0 5.0 12.7 15.4 12.5 197.8 288.4 

 

(CR-1) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfur 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

9/25/2003 5.0 12.5  970800 12.5 3.5 3547 12.5 

10/20/2003 5.0 12.5 2.3 984000 12.5 4.1 2549 12.5 

11/18/2003 5.0 12.5 8.4 952600 12.5 0.5 3733 12.5 

12/15/2003 5.0 12.5 11.0 978000 12.5 8.6 4470 12.5 

4/21/2004 5.0 12.5 2.5 881800 12.5 0.5 1783 95.0 

 

(CR-1) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

9/25/2003 12.5 12.5   

10/20/2003 12.5 12.5   

10/28/2003   62.0 10.0 

11/18/2003 12.5 12.5 5.0 11.0 

12/15/2003 12.5 41.7 5.0 14.6 

3/8/2004   5.0 16.1 

3/23/2004   10.0 2.0 

4/21/2004 12.5 12.5 1200.0 1410.0 

5/17/2004   5.0 33.1 

6/9/2004   400.0 411.0 

7/13/2004   280.0 117.0 

8/16/2004   3800.0 488.0 

11/17/2004   5.0 0.5 

2/22/2005   5.0 0.5 

3/24/2005   5.0 0.5 

 4/19/2005   40.0 20.9 
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(CR-1) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

 4/21/2005   80.0 46.5 

 5/16/05   370.0 115.0 

 5/23/05   200.0 118.0 

 6/13/05   15000.0 >2420 

 6/27/05   900.0 1200.0 

 7/11/05   110.0 44.1 

 8/ 1/05   20.0 27.5 

 
CR-2: Cheyenne River at Edgemont 
 

(CR-2) 
Date Type Flow (cfs) 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 

9/26/2003 monthly 7.58 12.8 60 5843 6.90 9.56 11 

10/21/2003 monthly 1.81 8.0 60 5615 8.03 9.45 5 

10/28/2003 monthly        

11/18/2003 monthly 21.49 4.1 48 4938 8.18 11.51  

12/16/2003 monthly 0.00 -0.1 34 4406 7.92 11.68 3.8 

3/8/2004 snowmelt 50.03 7.5 58 3110 8.06 11.75 143 

3/23/2004 monthly 13.51 14.0 60 4197 8.14 10.24 4.1 

4/21/2004 monthly 2.97 15.1  5495 7.97 9.21 2.0 

5/18/2004 monthly 2.60 13.7 50 5966 7.79 9.74 3.2 

6/9/2004 monthly 0.96 14.4 60 5703 7.86 9.5 5.9 

7/13/2004 monthly  26.0  5522 7.95 8.2 14 

8/24/2004 monthly 0.02 17.9 80 8085 8.11 8.8 3.7 

9/5/2004 event 0.00 17.6  7259 7.92  4 

9/14/2004 monthly 0.03 17.4 65 7946 7.67 10.1 4.1 

10/12/2004 monthly 0.02 17.1 60 8100 7.37 5.79 3.5 

11/18/2004 monthly 11.03 1.1 35 4340 7.79 13.22 3.9 

12/13/2004 monthly  -0.1 25 4176 7.86 14.84 4.7 

1/10/2005 monthly  -0.1 20 3768 7.39 7.06 1.2 

2/22/2005 monthly  1.0 50 3707 8.2 15.9 19.8 

3/24/2005 monthly  4.5 30 4040 7.98 12.87 3.1 

 4/19/2005 monthly  17.4 60 6248 7.98 8.95 3.1 

 4/21/2005 event  6.9 40 5328 8.17 12.13 22.2 

 5/12/05 event  9.8 45 6820 8.18 15.28 310.5 

 5/17/05 event  18.7 80 1778 8.09 11.47 873 

 5/23/05 monthly 11.68 23.1 80 3620 8.24 9.46 64 

 6/13/05 event  12.6 50 1742 8.06 9.9 340 

 6/27/05 monthly 17.62 24.6 80  8.07 8.1 18.8 

 7/13/05 monthly 4.77 26.2 85  8.42 9.1 3.5 

 8/ 1/05 monthly 0.34 32.5 92 6485 8.06 9.46 1.1 

 

(CR-2) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 
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(CR-2) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/26/2003 0.05 0.005 0.100 0.01 0.50 1783 895 423.0 

10/21/2003 0.05 0.100 0.020 0.05 0.50 2334 629 376.0 

11/18/2003 0.16 0.027 0.188 0.05 0.68 1751 716 390.1 

12/16/2003 0.39 0.005 0.047 0.05 0.39 1719 536 510.0 

3/8/2004 0.27 0.035 0.232 0.11 1.39 1245.8 309.5 281.7 

3/23/2004 0.05 0.005 0.005 0.05 0.46 1587.3 465.5 366.9 

4/21/2004 0.05 0.050 0.072 0.05 0.38 2189 533 396.3 

5/18/2004 0.05 0.010 0.032 0.05 0.61 2434 470 413.1 

6/9/2004 0.05 0.110 0.010 0.05 0.70 2332 497.3 354.2 

7/13/2004 0.05 0.005 0.005 0.05 0.4 2434.7 542.2 396.0 

8/24/2004 0.37 0.026 0.053 0.05 0.9 3793.1 664.0 540.0 

9/5/2004 1.56 0.005 0.005 0.12 0.6 3967.0 631.5 492.0 

9/14/2004 0.33 0.005 0.025 0.05 0.7 2991.0 575.2 429.0 

10/12/2004 0.05 0.02 0.12 0.05 0.9 3975.2 671.3 525.0 

11/18/2004 0.01 0.01 0.01 0.01 0.2 1887.1 485.8 435.0 

12/13/2004 0.23 0.02 0.02 0.01 0.1 1650.0 445.0 476.0 

1/10/2005 3.08 0.005 0.005 0.04 0.44 1637 233 472 

2/22/2005 1.74 0.005 0.041 0.04 0.32 1369 359 383 

3/24/2005 0.03 0.005 0.015 0.06 0.3 1984 441 423 

 4/19/2005 0.02 0.005 0.018 0.06 0.54 2805 629 514 

 4/21/2005 0.06 0.005 0.027 0.04 0.47 2244 517 431 

 5/12/05 0.02 0.005 0.25 0.04 2.02 2408 915 411 

 5/17/05 0.35 0.014 1.25 0.06 2.9 623.7 93.3 85.4 

 5/23/05 0.01 0.005 0.119 0.005 0.82 1438 250 236 

 6/13/05 0.19 0.087 0.52 0.06 1.48 512.2 221 110 

 6/27/05 0.11 0.013 0.052 0.04 0.52 1712 371 274 

 7/13/05 0.39 0.011 0.016 0.04 0.38 1850 242 253 

 8/ 1/05 0.005 0.005 0.005 0.005 0.42 2952 480 421 

 

(CR-2) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/26/2003 136.0 707 10.8 1616 4699.0 4041 143  

10/21/2003 149.0 743 12.3 1552 5168.0 4359 191 3.9 

11/18/2003 135.0 606 7.7 1530 4240.7 3719 188 3.8 

12/16/2003 125.0 481 5.3 1788 3768.5 3511 223 2.3 

3/8/2004 76.0 340 4.7 1016 2494.3 2350 154 4.7 

3/23/2004 110.4 515 6.2 1371 3728.0 3155 171 3.4 

4/21/2004 145.9 814 9.8 1590 4966.4 4214 210 5.0 

5/18/2004 164.9 910 13.8 1711 5377.6 4537 218 4.4 

6/9/2004 153.0 709.7 16.1 1515 4566.8 4191 215.5 4.0 

7/13/2004 164.0 933.0 16.6 1664.2 4861.4 4603.2 194.4 5.1 

8/24/2004 259.0 1340.0 18.6 2414.9 2604.5 6791.0 293.2 6.1 

9/5/2004 255.0 1400 16.9 2278.6 7022.8 6878.5 190.6 1.8 

9/14/2004 194.0 1110.0 15.9 1870.1 6342.4 5480.7 275.6 6.5 
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(CR-2) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

10/12/2004 244.0 1340.0 13.7 2315.7 6919.2  250.1 4.7 

11/18/2004 135.0 458.0 5.8 1642.1 3576.1 3500.8 156.8 2.1 

12/13/2004 122.0 380.0 4.8 1691.0 3444.0 3192.9 2.5 2.7 

1/10/2005 120.0 321 4.5  2930  217 2.9 

2/22/2005 98.4 361 3.8  2680  163 2.5 

3/24/2005 139.0 561 6.4 1630 4100 3670  3.5 

 4/19/2005 187 846 9.4 2050 5210 5110 189 4.6 

 4/21/2005 154 674 8 1710 4310 4140 171 4.3 

 5/12/05 195 919 8.4 1830 4830 4970 180 11.8 

 5/17/05 29.3 249 6.2 334 1160 1180 135 17.6 

 5/23/05 90.4 513 9 962 2920 2670 209 9 

 6/13/05 40.1 199 4.5 440 1210 1130 68.9 10.2 

 6/27/05 111 569 9.5 1140 3320 3180 209 6.4 

 7/13/05 106 590 11.6 1070 3390 3200 217 6.2 

 8/ 1/05 185 971 14 1810 5540 5170 221 6.3 

 

(CR-2) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/26/2003 21 17.0 4720 12.5 200 1.0 355 56.0 

10/21/2003 12 10.0 5180 12.5 71.7 1.0 367.0 40.7 

11/18/2003 35 30.5 4276 12.5 351.6 1.0 288.0 31.1 

12/16/2003 16 12.5 3784 12.5 109.1 3.2 188.0 27.5 

3/8/2004 214 191.2 2708      

3/23/2004 12 9.6 3740      

4/21/2004 10 7.2 4976 12.5 12.5 1.0 385.0 39.3 

5/18/2004 10 7.6 5388      

6/9/2004 13.2 10.6 4580      

7/13/2004 42.6 32.7 4904.0      

8/24/2004 43.5 34.3 2648.0      

9/5/2004 1.2 0.3 7024.0      

9/14/2004 9.6 6.1 6352.0      

10/12/2004 20.9 16.8 7512.0      

11/18/2004 11.9 8.8 3588.0      

12/13/2004 31.0 7.0 3475.0      

1/10/2005 9 2.0 3255      

2/22/2005 39 5.0 2975      

3/24/2005 23 3.0 4072      

 4/19/2005 20 6.0 5357      

 4/21/2005 40 8.0 4466      

 5/12/05 560 48.0 5995      

 5/17/05 1454 110.0 2658      

 5/23/05 107 11.0 3074      

 6/13/05 537 46.0 1691      

 6/27/05 39 4.0 3431      
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(CR-2) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

 7/13/05 8 2.0 3419      

 8/ 1/05 7 2.0 5673      

 

(CR-2) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

9/26/2003 2.5 5.0 5.0 5.0 5.0 398 168 250 

10/21/2003 2.5 5.0 5.0 5.0 5.0 66.2 205.6 307.6 

11/18/2003 2.5 5.0 5.0 5.0 5.0 538.0 126.0 177.3 

12/16/2003 2.5 5.0 5.0 5.0 5.0 114.0 86.0 119.8 

4/21/2004 2.5 5.0 5.0 10.2 14.9 12.5 193.6 243.4 

 

(CR-2) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfur 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

9/26/2003 10.4 12.5  640300 12.5 1.7 1424 12.5 

10/21/2003 5.0 12.5 2.3 860000 12.5 3.2 1127 12.5 

11/18/2003 11.1 12.5 13.4 690500 12.5 3.8 4940 12.5 

12/16/2003 16.0 12.5 10.6 585000 12.5 9.9 5160 12.5 

4/21/2004 5.0 29.6 2.5 768600 26.6 0.5 2076 71.3 

 

(CR-2) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

9/26/2003 12.5 12.5   

10/21/2003 12.5 12.5   

10/28/2003   50.4 90.0 

11/18/2003 12.5 12.5 10.0 6.3 

12/16/2003 12.5 42.2 5.0 3.1 

3/8/2004   5.0 4.1 

3/23/2004   5.0 8.6 

4/21/2004 12.5 12.5 10.0 29.9 

5/18/2004   240.0 131.0 

6/9/2004   160.0 130.0 

7/13/2004   650.0 299.0 

8/24/2004   5300.0 35.8 

9/14/2004   940.0 2.0 

12/13/2004   10.0 4.1 

1/10/2005   5.0 6.3 

2/22/2005   5.0 1.0 

3/24/2005   5.0 2.0 

 4/19/2005   20.0 38.8 

 4/21/2005   210.0 344.0 

 5/12/05   900.0 488.0 

 5/17/05   1000.0 137.0 

 6/13/05   3700.0 >2420 

 6/27/05   50.0 4.1 
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(CR-2) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

 7/13/05   70.0 25.6 

 8/ 1/05   60.0 4.1 

 
CR-3: Cheyenne River near Hot Springs 
 

(CR-3) 
Date Type Flow (cfs) 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 

9/26/2003 monthly 21.13 16.2 60 3170 7.35 9.14 1 

10/21/2003 monthly 25.87 17.3 80 2641 8.08 9.58 1 

11/18/2003 monthly 40.03 8.9 43 3495 8.14 10.13  

12/17/2003 monthly 33.57 7.5 36 3326 8.00 10.98 1.3 

1/14/2004 monthly 28.70 8.5 37 3167 7.99 10.21 0.7 

2/10/2004 monthly 39.10 7.6 34 3029 8.00 11.77 1.0 

3/9/2004 snowmelt 134.24 10.5 60 2770 8.15 12.04 109 

3/23/2004 monthly 46.52 17.3 65 3130 8.09 9.24 1.3 

4/22/2004 monthly 21.70 12.5  2944 7.91 10.22 2.8 

5/20/2004 monthly 17.17 19.1 70 3277 8.04 9.4 7.4 

6/8/2004 monthly 18.18 20.1  2734 8.04 9.8 3.3 

7/14/2004 monthly 15.14 25.7 80 2621 8.02 9.6 5.5 

8/23/2004 monthly 18.91 22.2 80 2684 8.02 9.8 4.6 

9/5/2004 event 13.35 20.7  2503 7.80 7.9 11 

9/15/2004 monthly 21.00 17.4 65 2692 7.99 9.8 2.0 

10/13/2004 monthly 22.20 14.4 60 2612 7.45 10.99 0.7 

11/22/2004 monthly 33.75 10.2 40 2900 8.07 11.44 3.5 

12/14/2004 monthly 35.66 7.5 30 3265 7.99 13.77 3.5 

1/11/2005 monthly  8.2 30 2934 6.4 10.95 0.8 

2/23/2005 monthly 52.50 9.1 50 3050 8.27 12.1 19.3 

3/23/2005 monthly 35.57 10.6 40 2570 8.11 11.2 1.6 

 4/20/2005 monthly 18.53 12.3 55 2960 8.23 11 3 

 4/21/2005 event 31.75 11.1 40 2937 8.04 12.38 5.4 

 5/17/05 event 130.01 20.7 80 1877 7.96 10.89 576 

 5/23/05 monthly 35.32       

 6/13/05 event  13.7 50 763 8.06 8.15 1262 

 6/30/05 monthly 70.10 21.8 85  8.04 8.6 15.5 

 7/13/05 monthly 28.28 27.2 90  8.2 8.5 5.3 

 8/ 2/05 monthly 18.53 24.6 90 2671 8.03 9.79 3.3 

 

(CR-3) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/26/2003 0.21 0.005 0.005 0.01 0.20 1568 167 501.0 

10/21/2003 0.27 0.050 0.050 0.05 0.40 1506 94 480.0 

11/18/2003 0.19 0.005 0.140 0.05 0.45 1706 277 426.4 

12/17/2003 0.35 0.005 0.005 0.05 0.26 1478 209 505.0 

1/14/2004 0.36 0.025 0.005 0.05 0.10 1480 144.9 491.5 



Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 193 
 

(CR-3) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

2/10/2004 0.35 0.005 0.109 0.05 0.30 1551 164.8 481.3 

3/9/2004 0.25 0.036 0.185 0.05 1.01 1207 259.9 293.7 

3/23/2004 0.18 0.005 0.005 0.05 0.33 1417 193.8 411.7 

4/22/2004 0.22 0.005 0.054 0.05 0.32 1481 158 437.1 

5/20/2004 0.21 0.019 0.019 0.05 0.31 1675 156 503.0 

6/8/2004 0.05 0.060 0.005 0.05 0.40 1484 66 498.4 

7/14/2004 0.22 0.005 0.005 0.05 0.7 1698.9 61.1 597.0 

8/23/2004 0.21 0.005 0.005 0.05 0.3 1550.7 57.8 575.0 

9/5/2004 0.28 0.005 0.055 0.05 0.50 1608 95 567.0 

9/15/2004 4.11 0.005 0.005 0.05 0.3 1442.2 69.7 523.0 

10/13/2004 0.18 0.01 0.01 0.05 0.5 1581.7 56.8 535.0 

11/22/2004 0.28 0.01 0.02 0.01 0.1 1395.2 135.6 495.0 

12/14/2004 0.26 0.01 0.01 0.01 0.1 1660.0 260.0 517.0 

1/11/2005 0.32 0.005 0.005 0.02 0.2 1569 88.6 504 

2/23/2005 0.33 0.005 0.021 0.04 0.23 1415 170 431 

3/23/2005 0.2 0.014 0.016 0.07 0.38 1561 145 469 

 4/20/2005 0.25 0.012 0.018 0.06 0.41 1630 92.4 515 

 4/21/2005 0.36 0.019 0.02 0.12 0.52 1479 132 444 

 5/17/05 0.38 0.015 0.68 0.03 2.1 657.7 86.1 159 

 5/23/05 0.05 0.005 0.054 0.005 0.6 1430 160 351 

 6/13/05 0.17 0.029 1.6 0.06 6.8 255.1 41.6 63.5 

 6/30/05 0.07 0.005 0.059 0.02 0.38 1339 136 315 

 7/13/05 2.93 0.019 0.023 0.09 0.26 1624 106 443 

 8/ 2/05 0.22 0.005 0.011 0.005 0.15 1533 122 518 

 

(CR-3) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/26/2003 101.0 197 9.0 1665 2680.0 2641 165 10.0 

10/21/2003 87.0 83 7.8 1555 2663.0 2361 172 6.1 

11/18/2003 112.1 297 3.4 1526 3326.0 2928 178 1.8 

12/17/2003 108.0 234 9.8 1706 3060.5 2658 190 1.7 

1/14/2004 93.9 163 6.0 1614 2962.4 2509 216 1.2 

2/10/2004 93.5 162 5.9 1587 3023.1 2574 191 1.8 

3/9/2004 72.0 266 5.3 1030 2422.9 2194 150 3.9 

3/23/2004 91.0 243 6.9 1403 2910.4 2461 163 1.8 

4/22/2004 86.9 219 8.0 1449 3018.4 2496 177 1.8 

5/20/2004 105.1 230 14.1 1689 3104.8 1984 175 0.5 

6/8/2004 83.7 53 8.2 1589 2521.4 2295 170 0.5 

7/14/2004 90.4 50.5 6.6 1863.0 2851.9 2607.1 170.7 0.5 

8/23/2004 84.4 40.1 5.8 1783.3 2386.9 2418.7 174.4 0.5 

9/5/2004 101.0 59 9.3 1831.7 2498.8 2545.3 176.5 0.5 

9/15/2004 77.8 37.9 5.5 1626.3 2567.1 2272.4 186.7 1.0 

10/13/2004 93.7 42.1 6.0 1721.8 2422.6  178.4 0.5 

11/22/2004 98.4 116.0 6.2 1641.2 2670.2 2350.2 172.9 0.5 
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(CR-3) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

12/14/2004 111.0 184.0 7.0 1748.0 2932.0 2841.6 2.5 1.8 

1/11/2005 99.6 134 6.4  2530  175 1.3 

2/23/2005 99.6 217 5.6  2450  164 1.8 

3/23/2005 99.6 162 7.3 1580 2640 2560  3 

 4/20/2005 98.4 101 6.8 1690 2690 2570 177 1.4 

 4/21/2005 97 174 7.2 1510 2530 2440 161 2.4 

 5/17/05 42.8 181 6.6 573 1330 1230 136 11.6 

 5/23/05 86 255 8.3 1230 2570 2410 176 5.2 

 6/13/05 16.9 64.8 5.8 228 505 527 119 20.7 

 6/30/05 88.7 287 10.8 1150 2570 2330 219 5.9 

 7/13/05 96.7 204 9.1 1500 2830 2610 180 3.1 

 8/ 2/05 89.8 82.1 7.3 1660 2660 2480 176 1.7 

 

(CR-3) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/26/2003 4 3.0 2684 12.5 12.5 1.0 224 12.5 

10/21/2003 9 5.0 2672 12.5 12.5 2.0 172.0 12.5 

11/18/2003 10 8.4 3336 12.5 74.2 1.0 233.0 25.3 

12/17/2003 12 8.5 3072 12.5 12.5 1.0 169.0 12.5 

1/14/2004 6 3.7 2968 12.5 12.5 2.2 149.0 12.5 

2/10/2004 1 0.3 3024 12.5 12.5 1.0 191.9 12.5 

3/9/2004 165 148.6 2588      

3/23/2004 6 4.8 2916      

4/22/2004 6 4.8 3024 12.5 12.5 1.0 230.0 12.5 

5/20/2004 7 5.2 3112      

6/8/2004 6.6 4.9 2528      

7/14/2004 16.1 11.2 2868.0      

8/23/2004 9.1 6.1 2396.0      

9/5/2004 1.2 0.3 2500.0      

9/15/2004 8.9 5.9 2576.0      

10/13/2004 1.9 0.3 2540.0      

11/22/2004 9.8 7.3 2680.0      

12/14/2004 41.0 6.0 2973.0      

1/11/2005 10 0.5 2765      

2/23/2005 18 2.0 2682      

3/23/2005 11 2.0 2719      

 4/20/2005 11 4.0 2918      

 4/21/2005 11 4.0 2617      

 5/17/05 902 75.0 2298      

 5/23/05 56 7.0 2656      

 6/13/05 3652 243.0 4137      

 6/30/05 36 5.0 2647      

 7/13/05 14 1.0 2863      

 8/ 2/05 10 1.0 2674      
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(CR-3) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

9/26/2003 2.5 5.0 5.0 5.0 5.0 76.0 117 33.3 

10/21/2003 2.5 5.0 5.0 5.0 5.0 62.0 84.0 12.5 

11/18/2003 2.5 5.0 5.0 5.0 5.0 124.0 179.4 28.4 

12/17/2003 2.5 5.0 5.0 11.9 5.0 29.0 101.0 12.5 

1/14/2004 2.5 5.0 5.0 5.0 5.0 67.0 93.0 30.6 

2/10/2004 2.5 5.0 5.0 5.0 5.0 38.0 98.4 30.3 

4/22/2004 2.5 5.0 5.0 15.2 16.5 12.5 125.8 52.8 

 

(CR-3) 
Date 

Dissolved 
Molybdenu

m (ug/L) 
Dissolved 

Nickel (ug/L) 
Dissolved 

Lead (ug/L) 
Dissolved 

Sulfur (ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

9/26/2003 13.3 12.5 1.0 567000 12.5 3.6 6620 12.5 

10/21/2003 14.9 12.5 3.9 528000 12.5 6.1 8798 12.5 

11/18/2003 5.0 12.5 28.8 686100 12.5 0.5 6757 12.5 

12/17/2003 14.4 12.5 12.0 541000 12.5 3.1 6990 12.5 

1/14/2004 14.6 12.5 6.6 534000 12.5 9.7 7300 12.5 

2/10/2004 5.0 12.5 5.6 435500 12.5 1.7 5127 28.2 

4/22/2004 11.0 12.5 2.5 460700 12.5 0.5 4368 73.7 

 
 

(CR-3) 
Date 

Dissolved 
Vanadium 

(ug/L) 
Dissolved 
Zinc (ug/L) 

Fecal Coliform 
(colonies/100mL) 

E.Coli 
(colonies/100mL) 

9/26/2003 12.5 12.5   

10/21/2003 12.5 12.5   

11/18/2003 12.5 12.5 20.0 24.0 

12/17/2003 12.5 12.5 5.0 0.5 

1/14/2004 12.5 12.5 5.0 1.0 

2/10/2004 12.5 12.5 10.0 2.0 

3/9/2004   5.0 3.1 

3/23/2004   5.0 5.2 

4/22/2004 12.5 12.5 5.0 12.1 

5/20/2004   60.0 10.7 

6/8/2004   60.0 19.3 

7/14/2004   60.0 32.8 

8/23/2004   80.0 45.9 

9/15/2004   110.0 137.0 

10/13/2004   100.0 68.9 

11/22/2004   10.0 23.8 

12/14/2004   10.0 3.1 

1/11/2005   30.0 30.9 

2/23/2005   5.0 0.5 

3/23/2005   5.0 2.0 

 4/20/2005   70.0 58.8 

 4/21/2005   260.0 168.0 
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(CR-3) 
Date 

Dissolved 
Vanadium 

(ug/L) 
Dissolved 
Zinc (ug/L) 

Fecal Coliform 
(colonies/100mL) 

E.Coli 
(colonies/100mL) 

 5/17/05   581.0 198.0 

 5/23/05   140.0 15.2 

 6/13/05   11000.0 >2420 

 6/30/05   20.0 16.1 

 7/13/05   320.0 112.4 

 8/ 2/05   50.0 3.1 

 
CR-4: Cheyenne River downstream of Angostura Dam 
 

(CR-4) 
Date Type Flow (cfs) 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 

9/26/2003 monthly 1.08 16.5 60 2555 7.68 12.17 2 

10/21/2003 monthly 0.48 17.3 80 2433 8.10 13.27 1 

11/18/2003 monthly 0.58 2.5 43 2353 7.96 10.75  

12/16/2003 monthly 1.10 1.6 34 2643 8.03 11.29 1.4 

1/13/2004 monthly 1.01 5.4 40 1609 7.94 11.06 0.8 

2/10/2004 monthly  1.3 20 2530 7.90 12.25 0.9 

3/9/2004 snowmelt 0.17 6.7 50 2400 7.78 12.39 0.6 

3/24/2004 monthly 0.58 18.5 72 2510 8.08 11.76 0.4 

4/22/2004 monthly 0.18 8.7  2336 7.54 10.02 1.3 

5/20/2004 monthly 0.46 15.5  2543 8.05 9.9 1.1 

6/8/2004 monthly 0.71 16.0 65 2623 7.88 10.1 1.9 

7/14/2004 monthly 0.03 30.9 95 2556 7.99 10.1 1.3 

8/24/2004 monthly 0.60 20.1 85 2580 8.23 9.8 0.5 

9/13/2004 monthly 0.51 19.7 71 2853 7.75 11.7 0.5 

10/13/2004 monthly 0.53 9.8 50 2550 7.39 9.52 0.5 

11/22/2004 monthly 0.49 8.1 42 2560 8.24 13.36 0.7 

12/14/2004 monthly 0.51 7.5 30 2665 8.2 12.52 0.3 

1/18/2005 monthly 0.66 6.1 30 2520 7.58 10.91 0.0 

3/2/2005 monthly  10.9 52 2225 7.53 11.4 -0.5 

3/29/2005 monthly  9.4  2245 7.7  0.8 

 5/18/05 monthly  21.0  2511 7.96 15.81 1.5 

 6/29/05 monthly 0.54 24.9 85  8.09 9.4 0.8 

 7/19/05 monthly 0.81 19.2 80  8.58 4.3 0.3 

 8/ 2/05 monthly 0.77 27.9 90 2721 8.12 10.03 -0.5 

 
(CR-4) 
Date 

NO2 + NO3 
(mg/L) 

P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) TKN (mg/L) SO4 (mg/L) Cl (mg/L) Ca (mg/L) 

9/26/2003 0.05 0.005 0.005 0.01 0.30 1111 131 252.0 

10/21/2003 0.12 0.005 0.080 0.05 0.50 1127 131 242.0 

11/18/2003 0.20 0.005 0.052 0.05 0.41 1096 132 233.8 

12/16/2003 0.37 0.005 0.065 0.05 0.37 1165 133 271.0 

1/13/2004 0.27 0.025 0.005 0.05 0.25 1021 122.0 234.6 

2/10/2004 0.28 0.005 0.028 0.05 0.20 1132 111.2 234.0 

3/9/2004 0.17 0.005 0.005 0.05 0.34 1140 126.9 253.3 
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(CR-4) 
Date 

NO2 + NO3 
(mg/L) 

P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) TKN (mg/L) SO4 (mg/L) Cl (mg/L) Ca (mg/L) 

3/24/2004 0.17 0.005 0.005 0.05 0.27 1109 125.6 232.3 

4/22/2004 0.05 0.054 0.053 0.05 0.45 1192 135 254.8 

5/20/2004 0.05 0.005 0.022 0.05 0.10 1068 128 249.2 

6/8/2004 0.05 0.100 0.010 0.05 0.30 1021 137 234.9 

7/14/2004 0.05 0.005 0.005 0.05 0.1 1114.3 135.2 244.0 

8/24/2004 0.05 0.022 0.005 0.05 0.4 1099.5 138.7 230.0 

9/13/2004 0.05 0.005 0.005 0.05 0.2 945.1 120.6 211.0 

10/13/2004 0.20 0.02 0.01 0.05 0.5 1101.5 133.7 275.0 

11/22/2004 0.21 0.01 0.01 0.03 0.2 1091.8 142.6 267.0 

12/14/2004 0.17 0.01 0.01 0.01 0.2 1180.0 229.0 262.0 

1/18/2005 0.29 0.005 0.005 0.12 0.25 1218 95.1 252 

3/2/2005 0.21 0.005 0.011 0.02 0.23 1173 91.9 268 

3/29/2005 0.26 0.012 0.013 0.08 0.34 1146 134 263 

5/18/05 0.05 0.011 0.005 0.02 0.3 1170 126 248 

6/29/05 0.06 0.005 0.01 0.08 0.35 1134 125 240 

7/19/05 0.06 0.005 0.005 0.12 0.38 1143 122 240 

8/ 2/05 0.04 0.005 0.005 0.07 0.32 1214 131 267 

 

(CR-4) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness as 
CaCO3 
(mg/l) 

TDS TS-
TSS (mg/l) 

TDS Sum 
(mg/L) 

Alk as 
CaCO3 
(mg/L) TOC (mg/L) 

9/26/2003 84.0 222 17.4 975 2173.0 1912 157  

10/21/2003 86.0 239 9.2 957 2184.0 1932 164 1.6 

11/18/2003 92.4 216 7.4 964 2122.0 1886 180 2.3 

12/16/2003 95.0 244 12.0 1068 2242.6 2033 188 2.1 

1/13/2004 87.4 211 10.8 946 2192.3 1797 183 2.5 

2/10/2004 86.2 249 11.6 939 2251.2 1932 180 2.9 

3/9/2004 85.8 201 10.2 986 2160.8 1922 175 2.5 

3/24/2004 85.6 214 12.2 932 2112.4 1877 164 2.3 

4/22/2004 87.7 337 12.6 998 2130.8 2128 182 3.3 

5/20/2004 89.8 243 12.5 992 2173.6 1899 180 1.1 

6/8/2004 86.9 217 14.3 945 2145.3  171 1.9 

7/14/2004 92.6 224.0 11.7 990.6 2158.6 1918.1 160.3 2.9 

8/24/2004 96.5 234.0 11.9 971.7 2258.8 1912.5 169.7 2.9 

9/13/2004 80.8 188.0 10.0 859.6 2049.4 1663.2 179.2 2.4 

10/13/2004 91.0 237.0 12.1 1061.4 1962.6  186.9 1.4 

11/22/2004 94.6 228.0 11.1 1056.3 2122.3 1936.5 169.1 0.5 

12/14/2004 96.0 232.0 10.9 1049.5 2210.0 2113.6 2.5 2.8 

1/18/2005 91.1 238 11.5  2030  177 2.5 

3/2/2005 91.7 234 11.5  2000  192 2.4 

3/29/2005 101.0 214 11 1070 2110 1990  3.1 

5/18/05 91.6 218 11.4 996 2130 1980 164 3.8 

6/29/05 93.8 210 11.6 986 2110 1930 171 3.8 

7/19/05 95.4 212 11.7 992 2180 1940 177 3.6 

8/ 2/05 95.9 214 11.7 1060 2240 2040 154 4.3 
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(CR-4) 
Date TSS (mg/L) TVS (mg/L) TS (mg/L) 

Dissolved 
Silver (ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron (ug/L) 

Dissolved 
Barium 
(ug/L) 

9/26/2003 7 4.0 2180 12.5 12.5 1.0 185 31.6 

10/21/2003 4 2.0 2188 12.5 12.5 2.0 173.0 27.8 

11/18/2003 2 0.3 2124 12.5 12.5 1.0 164.0 34.4 

12/16/2003 9 7.0 2252 12.5 12.5 1.0 134.0 26.5 

1/13/2004 4 2.3 2196 12.5 12.5 2.2 107.0 12.5 

2/10/2004 5 3.9 2256 12.5 12.5 1.0 169.2 25.6 

3/9/2004 3 2.4 2164      

3/24/2004 4 2.8 2116      

4/22/2004 5 4.0 2136 12.5 12.5 1.0 164.8 35.3 

5/20/2004 2 1.2 2176      

6/8/2004 6.7 4.4 2152      

7/14/2004 9.4 6.7 2168.0      

8/24/2004 5.2 2.2 2264.0      

9/13/2004 2.6 0.3 2052.0      

10/13/2004 2.2 1.3 2184.0      

11/22/2004 1.7 1.3 2124.0      

12/14/2004 7.0 2.0 2217.0      

1/18/2005 3 1.0 2172      

3/2/2005 3 0.5 2254      

3/29/2005 3 0.5 2195      

5/18/05 7 2.0 2173      

6/29/05 6 2.0 2147      

7/19/05 4 0.5 2213      

8/ 2/05 5 1.0 2305      

 

(CR-4) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

9/26/2003 2.5 5.0 5.0 5.0 5.0 96.0 103 68.6 

10/21/2003 2.5 5.0 5.0 5.0 5.0 99.0 94.0 77.4 

11/18/2003 2.5 5.0 5.0 15.5 5.0 92.0 136.6 115.8 

12/16/2003 2.5 5.0 5.0 5.0 5.0 109.0 87.0 107.9 

1/13/2004 2.5 5.0 5.0 5.0 5.0 107.0 88.0 160.4 

2/10/2004 2.5 5.0 5.0 5.0 5.0 127.3 100.5 163.9 

4/22/2004 2.5 5.0 5.0 23.2 5.0 12.5 103.7 128.6 

 

(CR-4) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfur 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

9/26/2003 10.3 12.5 1.0 406000 12.5 6.7 4710 12.5 

10/21/2003 13.0 12.5 2.7 388000 12.5 10.2 4431 12.5 

11/18/2003 5.0 12.5 59.9 455700 12.5 4.4 5499 12.5 

12/16/2003 10.7 12.5 8.5 389000 29.8 8.4 6270 12.5 

1/13/2004 11.0 12.5 4.9 368000 12.5 13.5 5240 12.5 

2/10/2004 5.0 12.5 20.1 313900 12.5 5.6 3882 38.0 
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(CR-4) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfur 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

4/22/2004 14.1 12.5 2.5 305600 28.6 1.5 3461 51.2 

 

(CR-4) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

9/26/2003 12.5 12.5   

10/21/2003 12.5 12.5   

11/18/2003 12.5 12.5 10.0 20.1 

12/16/2003 12.5 12.5 10.0 14.6 

1/13/2004 12.5 12.5 5.0 1.0 

2/10/2004 12.5 12.5 5.0 5.2 

3/9/2004   5.0 2.0 

3/24/2004   5.0 1.0 

4/22/2004 12.5 12.5 10.0 106.0 

5/20/2004   5.0 19.9 

6/8/2004   370.0 59.8 

7/14/2004   70.0 18.1 

8/24/2004   60.0 7.2 

9/13/2004   160.0 45.0 

11/22/2004   20.0 31.4 

12/14/2004   5.0 5.2 

1/18/2005   6.0 9.8 

3/2/2005   5.0 0.5 

3/29/2005   1.0 0.5 

 5/18/05   5.0 5.0 

 6/29/05   10.0 1.0 

 7/19/05   120.0 71.7 

 8/ 2/05   5.0 0.5 

 
HC-1: Hat Creek west of Ardmore 
 

(HC-1) 
Date Type Flow (cfs) 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 

11/20/2003 monthly 8.14 0.5 48 442 8.18 12.46  

3/9/2004 snowmelt 4.00 0.0 55 664 7.29 10.55 97.5 

3/24/2004 monthly 0.61 6.4 65 1577 7.40 10.41 18.9 

4/20/2004 monthly 0.09 14.0  1855 7.97 10.08 7.5 

10/12/2004 monthly 0.20 14.0 60 677 8.12 7.93 73 

11/18/2004 monthly 0.63 1.8 50 670 7.93 13.39 16.2 

12/13/2004 monthly 1.50 0.0 30 2021 7.98 14.84 9.5 

3/2/2005 monthly 2.44 0.1 50 663 7.15 11.9 15.9 

3/23/2005 monthly 3.19 5.4 35 1107 7.81 10.53 46.8 

 4/20/2005 monthly 0.46 7.2 48 1539 8.18 11.71 7.6 

 4/21/2005 event 5.41 3.9 45 1539 7.52 12.43 355 

 5/19/05 monthly 5.48 23.8 80 809 8.15 9.38 30.4 
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(HC-1) 
Date Type Flow (cfs) 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 

 6/14/05 event 696.00 13.9 75 336 8.27 8.7 886 

 6/27/05 monthly 27.35 23.8 80  8.27 7.5 19.1 

 8/ 2/05 monthly 0.08 21.7 90 1072 7.91 9.85 907 

 

(HC-1) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

11/20/2003 0.05 0.005 0.230 0.05 0.68 45 6 45.6 

3/9/2004 0.05 0.005 0.192 0.05 0.78 217 9.3 61.2 

3/24/2004 0.05 0.005 0.005 0.05 0.64 537 15.7 122.6 

4/20/2004 0.05 0.005 0.092 0.05 0.92 778 25 160.6 

10/12/2004 0.05 0.04 0.42 0.05 0.8 164.5 6.8 31.1 

11/18/2004 0.01 0.05 0.06 0.01 0.3 129.7 9.5 59.3 

12/13/2004 0.04 0.06 0.07 0.02 0.8 685.0 149.0 169.0 

3/2/2005 0.01 0.023 0.071 0.01 0.41 175.8 4.2 68.1 

3/23/2005 0.36 0.032 0.16 0.08 0.82 427.2 10.2 106 

 4/20/2005 0.03 0.021 0.041 0.05 0.78 481.3 12.9 105 

 4/21/2005 0.28 0.011 0.39 0.6 1.4 756.3 9.4 140 

 5/19/05 0.01 0.064 0.14 0.01 0.8 190.6 7.6 47.1 

 6/14/05 0.14 0.076 1.25 0.02 1.55 61.4 1.3 27.9 

 6/27/05 0.04 0.082 0.57 0.04 1.44 275 7.4 65.5 

 8/ 2/05 0.46 0.02 0.73 0.005 0.88 337.7 5.5 67.7 

 

(HC-1) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

11/20/2003 8.4 37 11.2 149 357.1 271 197 6.0 

3/9/2004 13.9 56 7.2 210 516.0 446 135 6.7 

3/24/2004 29.7 173 13.6 429 1354.7 1033 235 8.3 

4/20/2004 38.7 286 20.6 560 1687.9 1504 325 12.2 

10/12/2004 5.3 98.4 7.4 99.5 423.4  183.3 8.9 

11/18/2004 10.1 72.9 10.9 189.7 479.4 432.1 232.8 6.2 

12/13/2004 42.6 242.0 23.4 597.4 1561.0 1535.5 2.5 10.4 

3/2/2005 13.5 73.8 10.3  491  222 5.5 

3/23/2005 24.9 131 14.3 367 905 892  9 

 4/20/2005 25.7 194 17.9 368 1120 1050 302 12 

 4/21/2005 40.3 143 9.6 516 1150 1140 32.8 9.3 

 5/19/05 11.2 105 22.8 164 556 558 231 12.6 

 6/14/05 3.6 38.1 6.2 84 240 227 116 13.9 

 6/27/05 19.9 93.8 14.2 246 651 611 175 15.3 

 8/ 2/05 10.8 139 12.7 214 776 726 198 7.9 

 

(HC-1) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

11/20/2003 135 120.5 492 12.5 1226.0 4.8 47.0 108.0 

3/9/2004 112 99.6 628      
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(HC-1) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

3/24/2004 25 21.7 1380      

4/20/2004 16 12.4 1704 12.5 102.0 4.1 262.6 147.6 

10/12/2004 186.8 168.6 632.0      

11/18/2004 32.6 28.7 512.0      

12/13/2004 38.0 7.0 1599.0      

3/2/2005 32 3.0 557      

3/23/2005 96 8.0 1034      

 4/20/2005 19 3.0 1110      

 4/21/2005 469 47.0 1673      

 5/19/05 56 6.0 657      

 6/14/05 1882 204.0 2014      

 6/27/05 478 44.0 1123      

 8/ 2/05 903 77.0 1626      

 

(HC-1) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

11/20/2003 2.5 5.0 5.0 5.0 5.0 3026.0 41.5 70.6 

4/20/2004 2.5 5.0 5.0 5.0 14.9 12.5 132.0 157.4 

 

(HC-1) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfur 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

11/20/2003 5.0 12.5 7.2 17870 12.5 0.5 49620 12.5 

4/20/2004 5.0 40.0 2.5 233000 12.5 0.5 11850 12.5 

 

(HC-1) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

11/20/2003 12.5 38.9 100.0 78.9 

3/9/2004   5.0 10.7 

3/24/2004   300.0 613.0 

4/20/2004 12.5 12.5 420.0 579.0 

10/12/2004   80.0 56.3 

11/18/2004   5.0 8.6 

12/13/2004   5.0 6.3 

3/2/2005   5.0 1.0 

3/23/2005   120.0 142.0 

 4/20/2005   80.0 72.3 

 4/21/2005   310.0 1730.0 

 5/19/05   60.0 53.7 

 6/14/05   11000.0 >2420 

 6/27/05   2900.0 1990.0 

 
HC-2: Hat Creek near Edgemont 
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(HC-2) 
Date Type Flow (cfs) 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 

11/20/2003 monthly 0.00 3.9 50 1961 8.11 9.91  

12/15/2003 monthly 0.00 0.5 30 2636 8.08 11.68 7.5 

1/14/2004 monthly  0.7 38 3799 7.57 11.49 4.9 

2/10/2004 monthly  0.5  4566 7.73 11.15 2.9 

3/9/2004 snowmelt  0.8 55 1422 8.15 11.71 21.5 

3/24/2004 monthly  9.7 65 1638 8.14 11.35 11.0 

5/18/2004 monthly  14.8  3976 7.97 9.0 25.4 

11/18/2004 monthly 1.45 4.6 50 1174 8.00 13.92 12 

12/13/2004 monthly 0.03 2.5 32 3629 7.86 18.26 3.2 

3/2/2005 monthly  5.4 50 1556 7.43 12.2 7.5 

3/23/2005 monthly  4.8 35 1962 7.91 11.78 9.3 

 4/18/2005 monthly  18.8 75 2670 7.6 7.79 7.5 

 4/21/2005 event  6.8 40 2500 7.31 12.2 23.1 

 5/19/05 monthly  25.9 80 1134 8.36  40.9 

 6/13/05 event  13.1 50 443 8.2 8.38 1260 

 6/27/05 monthly 19.55 25.1   7.9 8.8 23.4 

 7/13/05 monthly 2.67 27 90  8.17 8.4 14.8 

 8/ 2/05 monthly 0.87 25.9 90 3600 7.99 8.31 14.2 

 

(HC-2) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

11/20/2003 0.11 0.034 0.102 0.05 0.93 759 18 154.0 

12/15/2003 0.05 0.005 0.021 0.05 0.70 1219 23 240.1 

1/14/2004 0.05 0.042 0.005 0.05 0.60 1853 33.2 347.9 

2/10/2004 0.05 0.031 0.074 0.05 0.54 2506 36.2 504.2 

3/9/2004 0.05 0.005 0.069 0.05 0.57 659 15.8 119.3 

3/24/2004 0.05 0.010 0.036 0.05 0.47 644 14.0 122.7 

5/18/2004 0.05 0.031 0.086 0.05 1.35 2012 40 310.4 

11/18/2004 0.67 0.01 0.05 0.01 0.4 409.5 12.1 80.6 

12/13/2004 0.01 0.03 0.03 0.01 0.5 1680.0 155.0 314.0 

3/2/2005 0.02 0.005 0.038 0.005 0.4 805.1 8 145 

3/23/2005 0.07 0.048 0.05 0.33 0.49 1062 14.6 188 

 4/18/2005 0.02 0.005 0.05 0.05 0.55 1456 22.5 273 

 4/21/2005 0.1 0.005 0.056 0.12 0.44 1174 17.6 198 

 5/19/05 0.005 0.025 0.149 0.01 0.9 389.8 8.8 69.7 

 6/13/05 0.18 0.028 0.93 0.005 4.2 131.6 4.4 40.3 

 6/27/05 0.14 0.045 0.166 0.11 0.9 1006 18.1 201 

 7/13/05 0.02 0.023 0.062 0.02 0.68 1380 20.3 260 

 8/ 2/05 0.005 0.019 0.054 0.02 0.63 1816 30.4 275 

 

(HC-2) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

11/20/2003 49.8 206 15.8 590 1492.7 1362 266 9.9 

12/15/2003 77.9 316 23.0 920 2327.6 2096 329 8.6 
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(HC-2) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

1/14/2004 119.2 485 24.4 1360 3790.6 3106 406 9.9 

2/10/2004 142.6 538 29.3 1846 4603.4 3985 381 8.8 

3/9/2004 38.7 160 9.4 457 1188.3 1096 157 9.0 

3/24/2004 39.0 179 12.7 467 1262.3 1121 183 7.7 

5/18/2004 121.3 530 24.5 1275 3758.2 3191 255 7.8 

11/18/2004 21.7 148.0 9.2 290.6 821.2 798.0 194.9 5.7 

12/13/2004 104.0 488.0 21.8 1212.3 3253.0 2980.2 2.5 9.7 

3/2/2005 48.6 202 12.3  1360  203 5.4 

3/23/2005 60.8 264 14.9 720 1820 1750  6.5 

 4/18/2005 81.4 419 18.3 1020 2630 2500 340 6.5 

 4/21/2005 65.1 336 13.4 762 1970 1980 262 5.3 

 5/19/05 16.9 146 6 244 822 769 181 11 

 6/13/05 7.7 33.3 6.1 132 323 336 165 18.3 

 6/27/05 60.1 241 16.8 749 1870 1750 288 12.9 

 7/13/05 76.3 323 19.7 963 2410 2290 298 5 

 8/ 2/05 104 451 24.6 1110 3120 2840 211 10.2 

 

(HC-2) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

11/20/2003 35 30.5 1528 12.5 488.1 4.0 283.0 44.8 

12/15/2003 20 16.3 2348 12.5 327.1 3.8 318.0 53.4 

1/14/2004 13 9.2 3804 12.5 128.1 4.0 448.0 48.9 

2/10/2004 9 4.1 4612 12.5 104.3 1.0 529.2 46.0 

3/9/2004 36 30.5 1224      

3/24/2004 22 18.1 1284      

5/18/2004 54 46.2 3812      

11/18/2004 22.8 20.1 844.0      

12/13/2004 20.0 6.0 3273.0      

3/2/2005 20 2.0 1486      

3/23/2005 25 1.0 1929      

 4/18/2005 30 5.0 2971      

 4/21/2005 35 2.0 2101      

 5/19/05 93 10.0 932      

 6/13/05 3919 222.0 4213      

 6/27/05 52 6.0 1922      

 7/13/05 34 4.0 2504      

 8/ 2/05 27 3.0 3211      

 

(HC-2) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

11/20/2003 2.5 5.0 5.0 5.0 5.0 983.0 179.9 75.8 

12/15/2003 2.5 5.0 5.0 5.0 5.0 497.0 208.0 106.3 

1/14/2004 2.5 5.0 5.0 5.0 5.0 306.0 349.0 160.8 

2/10/2004 2.5 5.0 5.0 5.0 5.0 257.1 560.1 168.7 
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(HC-2) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfur 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

11/20/2003 5.0 12.5 5.2 308700 12.5 2.3 26170 12.5 

12/15/2003 5.0 12.5 8.3 412000 12.5 4.4 13500 12.5 

1/14/2004 11.6 12.5 6.3 667000 12.5 15.6 10500 12.5 

2/10/2004 5.0 26.8 59.3 748100 12.5 1.6 5124 56.8 

 

(HC-2) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

11/20/2003 12.5 12.5 5.0 12.1 

12/15/2003 12.5 37.5 10.0 15.6 

1/14/2004 12.5 31.5 5.0 6.3 

2/10/2004 12.5 12.5 5.0 4.1 

3/9/2004   10.0 17.3 

3/24/2004   5.0 3.1 

5/18/2004   50.0 93.3 

11/18/2004   5.0 1.0 

12/13/2004   5.0 0.5 

3/2/2005   5.0 0.5 

3/23/2005   10.0 1.0 

 4/18/2005   50.0 135.0 

 4/21/2005   370.0 866.0 

 5/19/05   460.0 479.0 

 6/13/05   35000.0 >2420 

 7/13/05   30.0 9.7 

 8/ 2/05   10.0 3.0 

 
HH-1: Horsehead Creek near inlet of Angostura Reservoir 
 

(HH-1) 
Date Type Flow (cfs) 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 

9/26/2003 monthly 0.36 13.4 60 2428 7.70 9.80 3 

10/21/2003 monthly 0.02 11.3 80 2663 7.96 9.83 6 

11/17/2003 monthly 0.09 6.1 58 2857 7.92 11.26  

12/16/2003 monthly 0.00 0.4 34 2880 7.57 10.16 10.4 

1/13/2004 monthly 0.00 0.5 40 2783 7.59 9.97 5.6 

3/9/2004 snowmelt 0.00 3.8 48 2305 7.68 12.66 6.9 

3/24/2004 monthly 0.18 15.0 70 1366 8.16 14.38 4.4 

4/20/2004 monthly 0.15 10.4 40 2645 7.23 8.42 5.5 

5/20/2004 monthly 0.11 15.4  3116 7.92 6.4 4.2 

6/8/2004 monthly 0.09 17.2 60 3082 8.39 7.0 2.7 

7/12/2004 monthly 0.02 28.7 90 3054 7.83 7.9 4.8 

8/24/2004 monthly 0.00 19.7 90 3005 8.40 6.7 2.9 

9/13/2004 monthly 0.00 17.8 63 3251 7.76 4.1 7.3 

11/18/2004 monthly 0.02 6.2 52 2475 7.95 11.76 4.1 



Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 205 
 

(HH-1) 
Date Type Flow (cfs) 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 

12/15/2004 monthly 0.01 1.8 30 2760 8.2 12.00 0.9 

1/18/2005 monthly 0.03 0.4 25 2697 7.79 3.87 1.0 

2/23/2005 monthly 0.03 7.7 50 2602 7.85 13.2 5.6 

3/24/2005 monthly  4.6 30 1995 8.14 12.96 2.1 

 4/21/2005 event 0.05 7.9 36 2850 8.11 8.74 4.9 

 4/22/2005 monthly 0.05 8.6 70 2483 8.09 10.85 2.6 

 5/18/05 monthly 0.05 16.2  2613 7.38 8.8 3.3 

 6/13/05 event  16.2 52 2204 7.82 10.18 5.5 

 6/15/05 event  14.9 75 476 8.77 6 500 

 6/29/05 monthly 4.30 22.3   8.25 5.5 29.4 

 7/14/05 monthly 0.10 27.4 95  8.37 7.6 9.7 

 8/ 2/05 monthly 0.03 26.0 95 2646 8 8.17 6 

 

(HH-1) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/26/2003 0.05 0.005 0.010 0.01 0.40 1009 35 135.0 

10/21/2003 0.05 0.005 0.050 0.05 0.70 1144 39 158.0 

11/17/2003 0.05 0.005 0.025 0.05 0.50 1109 37 156.8 

12/16/2003 0.05 0.030 0.045 0.05 0.55 1219 44 180.0 

1/13/2004 0.05 0.018 0.005 0.05 0.25 1034 33.3 172.0 

3/9/2004 0.05 0.040 0.005 0.05 0.48 1025 31.1 155.0 

3/24/2004 0.05 0.202 0.028 0.05 0.48 1065 31.2 139.4 

4/20/2004 0.05 0.029 0.032 0.05 0.69 1214 41 161.5 

5/20/2004 0.05 0.005 0.055 0.05 0.75 1356 60 160.5 

6/8/2004 0.05 0.030 0.010 0.05 0.70 1352 46.3 141.0 

7/12/2004 0.05 0.005 0.033 0.05 1.1 1308.3 48.3 144.0 

8/24/2004 0.05 0.031 0.028 0.05 0.7 1170.0 49.3 99.3 

9/13/2004 0.05 0.005 0.083 0.18 1.3 1137.4 49.9 118.0 

11/18/2004 0.01 0.01 0.03 0.01 0.4 998.6 38.5 140.0 

12/15/2004 0.01 0.01 0.03 0.01 0.4 1110.0 161.0 152.0 

1/18/2005 3 0.017 0.04 0.13 0.41 1204 23.6 190 

2/23/2005 0.39 0.005 0.027 0.07 0.44 1209 23.6 172 

3/24/2005 0.04 0.012 0.034 0.04 0.34 981.6 26.1 144 

 4/21/2005 0.21 0.032 0.051 0.18 0.62 961 26.8 136 

 4/22/2005 0.07 0.018 0.038 0.06 0.52 1018 33.1 148 

 5/18/05 0.005 0.021 0.023 0.005 0.52 1163 30 147 

 6/13/05 0.01 0.013 0.032 0.005 0.52 963.5 24.7 114 

 6/15/05 1.17 0.058 0.67 0.11 3.2 129.4 2.9 25.9 

 6/29/05 0.14 0.095 0.24 0.22 1.35 282 9.7 59.5 

 7/14/05 0.03 0.031 0.115 0.03 1.26 808.4 7.3 137 

 8/ 2/05 0.005 0.016 0.09 0.005 0.76 1113 32.1 147 

 

(HH-1) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 
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(HH-1) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/26/2003 61.0 342 17.0 588 2029.0 1802 337  

10/21/2003 73.0 406 7.7 693 2288.0 2054 377 0.5 

11/17/2003 73.9 367 6.9 696 571.6 1966 359 5.7 

12/16/2003 80.6 430 9.7 781 2265.3 2193 383 4.7 

1/13/2004 73.2 389 8.8 731 2375.8 1949 399 3.9 

3/9/2004 60.4 311 7.9 636 2256.0 1767 295 4.7 

3/24/2004 61.7 340 9.4 602 2028.3 1823 295 6.1 

4/20/2004 71.8 418 9.4 699 2448.0 2130 357 8.1 

5/20/2004 83.0 446 9.1 743 2579.6 2319 342 7.5 

6/8/2004 78.9 434.2 14.8 677 2386.1 1908 286.8 6.5 

7/12/2004 79.1 517.0 11.6 685.3 2380.7 2283.7 292.3 7.3 

8/24/2004 79.0 489.0 12.3 573.3 2643.7 2082.7 306.2 8.7 

9/13/2004 70.6 416.0 12.0 585.4 2283.9 1951.2 245.3 8.9 

11/18/2004 71.7 361.0 9.1 644.8 1917.1 1801.3 304.0 3.5 

12/15/2004 77.0 405.0 9.0 696.6 2155.0 2130.4 2.5 4.3 

1/18/2005 77.8 391 8.6  2160  412 4 

2/23/2005 74.6 377 7.9  2090  354 4.6 

3/24/2005 60.9 320 7.8 610 1760 1720  5.5 

 4/21/2005 56.6 352 8.3 573 1700 1700 253 6.6 

 4/22/2005 62 345 8.9 625 1850 1790 276 6.5 

 5/18/05 70.8 387 8.6 659 2110 1980 280 6.2 

 6/13/05 58.6 325 8.8 526 1730 1650 245 6.6 

 6/15/05 9.6 46 8.4 104 327 283 84.5 18.6 

 6/29/05 23.7 103 10.5 246 690 618 182 14.1 

 7/14/05 55.4 272 11.8 570 1610 1500 321 9.7 

 8/ 2/05 68.8 363 12 650 2010 1940 312 8.3 

 

(HH-1) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/26/2003 7 5.0 2036 12.5 170 1.0 476 52.2 

10/21/2003 8 4.0 2296 12.5 90.2 2.5 497.0 25.7 

11/17/2003 8 6.0 580 12.5 75.7 1.0 413.0 32.9 

12/16/2003 19 12.9 2284 12.5 187.0 2.6 401.0 45.5 

1/13/2004 8 6.8 2384 12.5 55.6 2.7 396.0 37.4 

3/9/2004 12 9.6 2268      

3/24/2004 20 10.8 2048      

4/20/2004 12 7.2 2460 12.5 12.5 1.0 449.2 12.5 

5/20/2004 12 9.2 2592      

6/8/2004 9.9 5.0 2396      

7/12/2004 19.3 13.5 2400.0      

8/24/2004 8.3 5.2 2652.0      

9/13/2004 16.1 9.4 2300.0      

11/18/2004 6.9 4.8 1924.0      

12/15/2004 16.0 3.0 2171.0      
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(HH-1) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

1/18/2005 6 2.0 2308      

2/23/2005 7 1.0 2300      

3/24/2005 8 0.5 1858      

 4/21/2005 10 6.0 1774      

 4/22/2005 7 0.5 1909      

 5/18/05 6 1.0 2179      

 6/13/05 7 3.0 1759      

 6/15/05 766 58.0 1122      

 6/29/05 28 4.0 724      

 7/14/05 20 6.0 1601      

 8/ 2/05 16 7.0 2098      

 

(HH-1) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

9/26/2003 2.5 5.0 5.0 5.0 5.0 360 166 140 

10/21/2003 2.5 5.0 5.0 5.0 5.0 468.0 167.0 186.8 

11/17/2003 2.5 5.0 5.0 5.0 5.0 520.0 239.1 339.4 

12/16/2003 2.5 5.0 5.0 5.0 5.0 513.0 165.0 426.8 

1/13/2004 2.5 5.0 5.0 5.0 5.0 540.0 163.0 706.5 

4/20/2004 2.5 5.0 5.0 5.0 5.0 12.5 203.3 573.4 

 

(HH-1) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfur 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

9/26/2003 5.0 12.5 1.0 369000 12.5 1.7 3040 12.5 

10/21/2003 5.0 12.5 1.0 390000 12.5 4.0 3789 12.5 

11/17/2003 5.0 12.5 2.5 458800 12.5 1.0 4934 12.5 

12/16/2003 5.0 12.5 9.5 398000 12.5 6.5 3920 12.5 

1/13/2004 5.0 12.5 4.2 396000 12.5 3.7 4770 12.5 

4/20/2004 5.0 12.5 2.5 422900 12.5 0.5 1623 37.9 

 

(HH-1) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

9/26/2003 12.5 12.5   

10/21/2003 12.5 12.5   

11/17/2003 12.5 12.5 10.0 2.0 

12/16/2003 12.5 35.1 10.0 0.5 

1/13/2004 12.5 25.0 5.0 0.5 

3/9/2004   110.0 150.0 

3/24/2004   40.0 11.0 

4/20/2004 12.5 12.5 90.0 63.8 

5/20/2004   200.0 238.0 

6/8/2004   10.0 8.5 

7/12/2004   20.0 2.0 

8/24/2004   5.0 1.0 
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(HH-1) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

9/13/2004   190.0 43.1 

11/18/2004   40.0 158.0 

12/15/2004   5.0 0.5 

1/18/2005   1.0 0.5 

2/23/2005   5.0 3.1 

3/24/2005   5.0 0.5 

 5/18/05   5.0 3.1 

 6/13/05   10.0 18.7 

 6/15/05   470.0 >2420 

 6/29/05   780.0 1414.0 

 7/14/05   30.0  

 8/ 2/05   10.0 0.5 
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APPENDIX B. ANGOSTURA RESERVOIR SAMPLE DATA 
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AR-1 Bottom Samples 
 

(AR1 – B) 
Date 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
Secchi 

(m) 
Sample 

Depth (m) 

9/24/2003 17.22  2824 7.76 7.28 8.5  11 

10/22/2003 13.49 75 2690 8.15 6.90 10.6  12 

11/19/2003 5.51 52 2684 8.23 10.29   10 

4/19/2004 9.27 60 2814 8.11 8.48 5.4  11 

5/19/2004 12.36 78 2835 7.96 8.38 3.5  12 

6/14/2004 16.40 80 2911 8.09 7.60 7.9  13 

6/29/2004 17.05 80 3022 8.19 5.69 2.7  12 

7/16/2004 18.16 80 3040 7.68 3.73 2.8  11 

7/26/2004 18.62 85 3019 7.69 4.18 6.5  10 

8/19/2004 20.79 70 3035 7.90 3.84 12.2  8 

10/18/2004 13.24  3042 7.86 8.51 34  8 

11/30/2004 4.59  3021 8.42 12.38 2  5 

3/28/2005 5.59 65 2652 7.90 12.23 3  9 

4/25/2005 10.2  3203 7.95 10.20 10.8  12 

5/31/2005 12.8 70 2859 7.81 5.20 1.2  11 

6/16/2005 16.8 85 3043 7.72 7.80 4.6  13 

7/6/2005 16.5 75  7.96 3.03 4 5.80 13 

7/20/2005 17 80  8.25 0.90 25.1 2.45 12 

9/1/2005 20.4 85 2629 8.34 2.30 4.7 1.80 9 

 

(AR1 – B) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/24/2003 0.050 0.020 0.005 0.010 0.400 1183.1 140.9 292.0 

10/22/2003 0.050 0.005 0.020 0.060 0.780 1290.5 153.5 268.0 

11/19/2003 0.050 0.015 0.072 0.050 0.508 1265.2 153.5 272.3 

4/19/2004 0.050 0.053 0.055 0.050 0.618 1265.6 164.5 293.8 

5/19/2004 0.050 0.015 0.018 0.115 0.504 1242.7 170.3 299.7 

6/14/2004 0.050 0.030 0.020 0.050 0.500 1372.0 166.8 327.6 

6/29/2004 0.050 0.005 0.005 0.050 0.586 1423.7 171.5 394.0 

7/16/2004 0.050 0.005 0.005 0.180 0.494 1589.0 170.7 364.0 

7/26/2004 0.050 0.005 0.118 0.196 0.620 1422.9 162.8 384.0 

8/19/2004 0.050 0.031 0.005 0.050 0.392 1553.5 169.6 362.0 

10/18/2004 0.050 0.005 0.034 0.050 0.813 1422.7 169.2 345.0 

11/30/2004 0.005 0.005 0.027 0.005 0.380 1352.1 173.4 355.0 

3/28/2005 0.020 0.005 0.029  0.45 1595 169 387 

4/25/2005 0.010 0.005 0.024 0.21 0.48 1601 155 396 

5/31/2005 0.020 0.005 0.017 0.03 0.37 1596 161 396 

6/16/2005 0.030 0.005 0.018 0.12 0.46 1524 163 377 

7/20/2005 0.240 0.005 0.016 0.12 0.48 1478 151 366 

9/1/2005 0.005 0.005 0.02 0.005 0.39 1413 142 339 
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(AR1 – B) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/24/2003 87.0 242.0 11.5 1086.5 2031 1440 125.4 6.00 

10/22/2003 87.0 240.0 11.1 1029.2 2122 2476 119.7 6.00 

11/19/2003 90.7 239.2 6.3 1053.3 2102 2445 124.9 4.47 

4/19/2004 81.8 239.2 9.3 1070.5 2133 2540 131.0 6.09 

5/19/2004 89.0 231.8 13.0 1114.9 2130 2545 139.5 3.45 

6/14/2004 95.7 248.1 9.0 1212.1 2372 2534 134.3 4.30 

6/29/2004 105.0 259.0 11.4 1416.2 2656 2443 130.2 3.97 

7/16/2004 109.0 280.0 11.9 1357.8 2604 2649 132.5 4.87 

7/26/2004 97.8 284.0 10.4 1361.6 2442 2629 132.7 4.34 

8/19/2004 92.1 236.0 9.7 1283.2 2497 2658 123.7 4.46 

10/18/2004 105.0 251.0 10.7 1293.9  2378 124.0 4.12 

11/30/2004 110.0 246.0 10.2 1339.4 3999 2321 123.3 5.30 

3/28/2005 107 237 10.1 1410.0 2720 2600 135 5.1 

4/25/2005 109 234 10.1 1440.0 2800 2600 134 10.3 

5/31/2005 103 242 10.2 1410.0 2740 2600 132 4.9 

6/16/2005 103 233 10.2 1370.0 2750 2500 131 4.8 

7/20/2005 97.8 222 10.2 1320.0  2420 132 4.9 

9/1/2005 95.7 220 10 1240.0 2370 2310 123 5.3 

 

(AR1 – B) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/24/2003 8.0 22.0 2448      

10/22/2003 8.0 7.0 2484      

11/19/2003 7.2 5.2 2452 12.5 12.5 1 234 45.06 

4/19/2004 8.0 4.4 2548 12.5 12.5 1 233.1 43.23 

5/19/2004 11.2 8.4 2556      

6/14/2004 9.7 8.3 2544      

6/29/2004 11.7 7.6 2668      

7/16/2004 10.8 9.4 2660      

7/26/2004 6.7 4.5 2636      

8/19/2004 13.9 10.0 2672      

10/18/2004 18.5 14.0 2772      

11/30/2004 5.0 3.2 4004      

3/28/2005 10.0 1.0 2790      

4/25/2005 12 5 2830      

5/31/2005 3 0.5 2777      

6/16/2005 3 0.5 2790      

7/20/2005 8 2 2664      

9/1/2005 7 1 2503      

 

(AR1 – B) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

11/19/2003 2.5 5 5 5 5 65 166 12.5 

4/19/2004 2.5  5 11.18 5 12.5 118.5 12.5 
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(AR1 – B) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfer 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

11/19/2003 5 12.5 2.5 523600 12.5 0.5 4874 12.5 

4/19/2004 5 12.5 2.5 435600 27.95 0.5 3239 45.06 

 

(AR1 – B) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 

11/19/2003 12.5 12.5 

4/19/2004 12.5 12.5 

 
 
AR-1 Surface Samples 
 

(AR1 – S) 
Date 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
Secchi 

(m) 
Sample 

Depth (m) 

9/24/2003 17.46  2820 7.48 7.90 3.7 1.34 1 

10/22/2003 14.09 75 2680 8.42 10.20 16.3 0.40 1 

11/19/2003 5.59 52 2681 8.23 10.41  3.19 1 

4/19/2004 11.80 60 2795 8.30 10.23 1.9 0.67 1 

5/19/2004 14.59 78 2840 8.11 10.10 1.1 2.51 1 

6/14/2004 17.51 80 2910 8.11 9.10 0.9 5.40 1 

6/29/2004 19.49 80 3033 8.22 6.97 0.2 4.29 1 

7/16/2004 24.10 80 3064 8.09 9.11 1.1 2.30 1 

7/26/2004 23.23 85 3040 7.88 10.60 1.6 1.85 1 

8/19/2004 21.06 70 3039 8.04 7.01 5.8 0.86 1 

10/18/2004 13.46  3036 7.93 9.62 4 0.99 1 

11/30/2004 4.63  3011 8.43 12.62 2 3.09 1 

3/28/2005 5.62 65 2656 7.84 12.78 3 0.90 1 

4/25/2005 12.4  3200 8.25 11.70 5.3 0.90 1 

5/31/2005 15.6 70 3066 8.10 9.00 0.1 8.00 1 

6/16/2005 19.4 85 2923 8.18 9.20 0.5 8.35 1 

7/6/2005 23.4 75  8.36 7.90 0 5.80 1 

7/20/2005 27.7 80  8.31 8.00 0.8 2.45 1 

8/3/2005 25.11 80 2771 8.40 7.26 1.5 1.80 1 

9/1/2005 21.8 85 2588 8.72 6.70 1.1 1.80 1 

 

(AR1 – S) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/24/2003 0.050 0.005 0.005 0.010 0.500 1269.2 146.5 267.0 

10/22/2003 0.050 0.040 0.070 0.050 1.130 1290.3 156.4 290.0 

11/19/2003 0.050 0.005 0.049 0.050 0.606 1279.8 148.9 271.8 

4/19/2004 0.050 0.041 0.041 0.050 0.647 1238.2 159.9 297.1 

5/19/2004 0.050 0.021 0.021 0.050 0.474 1241.7 162.6 311.8 

6/14/2004 0.050 0.030 0.005 0.050 0.500 1444.4 165.2 321.7 

6/29/2004 0.050 0.005 0.005 0.050 0.592 1464.6 172.5 402.0 
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(AR1 – S) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

7/16/2004 0.050 0.005 0.005 0.050 0.302 1469.0 174.0 371.0 

7/26/2004 0.050 0.005 0.005 0.050 0.367 1540.5 181.0 426.0 

8/19/2004 0.050 0.034 0.028 0.050 0.590 1586.0 175.2 366.0 

10/18/2004 0.050 0.005 0.017 0.050 0.793 1353.3 166.1 351.0 

11/30/2004 0.005 0.005 0.005 0.005 0.440 1466.2 171.6 355.0 

3/28/2005 0.010 0.005 0.03  0.45 1572 164 391 

4/25/2005 0.010 0.005 0.022 0.06 0.45 1591 159 391 

5/31/2005 0.020 0.005 0.005 0.02 0.37 1567 161 393 

6/16/2005 0.080 0.005 0.005 0.13 0.38 1392 148 339 

7/6/2005 0.080 0.011 0.015 0.08 0.41 1267 128 304 

7/20/2005 0.020 0.005 0.012 0.04 0.36 1280 129 309 

8/3/2005 0.005 0.005 0.014 0.005 0.41 1286 130 313 

9/1/2005 0.005 0.005 0.01 0.01 0.37 1367 135 332 

 

(AR1 – S) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/24/2003 83.0 221.0 6.5 1009.2 2067 2536 122.5 7.00 

10/22/2003 87.0 271.0 8.3 1083.8 2178 2582 123.1 2.00 

11/19/2003 90.5 239.9 6.3 1051.3 2112 2433 124.1 4.96 

4/19/2004 83.0 245.1 9.6 1083.5 2116 2554 137.7 6.60 

5/19/2004 92.6 244.5 13.0 1159.7 2148 2516 137.0 3.92 

6/14/2004 93.9 248.7 11.2 1190.0 2274 2557 135.9 6.30 

6/29/2004 110.0 269.0 12.0 1456.8 2680 2515 140.9 3.68 

7/16/2004 95.4 297.0 10.2 1319.2 2489 2622 121.1 4.48 

7/26/2004 101.0 259.0 10.9 1479.6 2587 2668 114.7 4.98 

8/19/2004 94.6 246.0 10.0 1303.5 2552 2615 122.8 4.69 

10/18/2004 105.0 257.0 10.7 1308.8  2317 122.8 3.634 

11/30/2004 110.0 245.0 10.4 1339.4 2561 2432 123.6 5.80 

3/28/2005 107 240 10.1 1420.0 2670 2580 134 5.5 

4/25/2005 104 239 10.2 1400.0 2810 2590 132 5.2 

5/31/2005 103 245 10.1 1410.0 2750 2570 131 4.9 

6/16/2005 93.8 219 9.9 1230.0 2540 2290 123 4.9 

7/6/2005 83.2 197 9.8 1100.0  2070 120 4.9 

7/20/2005 84.8 202 10.1 1120.0  2100 116 5.2 

8/3/2005 86 190 10.2 1140.0 2420 2090 109 5.5 

9/1/2005 96.5 220 10 1230.0 2400 2250 119 5.4 

 

(AR1 – S) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/24/2003 8.0 5.0 2544      

10/22/2003 6.0 2.0 2588      

11/19/2003 7.2 5.6 2440 12.5 71 1 235 44.04 

4/19/2004 6.4 3.2 2560 12.5 12.5 1 248.6 33.32 

5/19/2004 4.0 2.4 2520      
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(AR1 – S) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

6/14/2004 3.3 1.4 2560      

6/29/2004 8.1 5.4 2688      

7/16/2004 6.3 4.0 2628      

7/26/2004 8.1 4.5 2676      

8/19/2004 8.7 5.7 2624      

10/18/2004 6.8 3.6 2716      

11/30/2004 15.0 12.8 2576      

3/28/2005 9.0 1.0 2759      

4/25/2005 15 5 2771      

5/31/2005 5 0.5 2758      

6/16/2005 2 0.5 2533      

7/6/2005 2 0.5 2293      

7/20/2005 4 0.5 2328      

8/3/2005 5 0.5 2397      

9/1/2005 4 1 2489      

 

(AR1 – S) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

11/19/2003 2.5 5 5 5 5 57 165.6 12.5 

4/19/2004 2.5 5 5 5 10.76 12.5 127.1 12.5 

 

(AR1 – S) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfer 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

11/19/2003 5 12.5 2.5 521900 12.5 0.5 4864 12.5 

4/19/2004 5 12.5 2.5 442400 12.5 1.408 2971 42.27 

 

(AR1 – S) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

11/19/2003 12.5 12.5 5 4.1 

4/19/2004 12. 12.5   

 
 
AR-2 Bottom Samples 
 

(AR2 – B) 
Date 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
Secchi 

(m) 
Sample 

Depth (m) 

9/24/2003 17.09  2830 7.96 8.20 4.1  14 

10/22/2003 13.33 75 2690 8.19 7.00 8.2  14 

11/19/2003 5.37 52 2686 8.24 10.51   12 

4/19/2004 9.29 60 2811 8.11 6.73 3.3  14 

5/19/2004 11.92 78 2835 7.97 7.70 5.5  16 

6/14/2004 16.38 80 2912 8.13 8.23 7.2  14 

6/29/2004 16.48 80 3021 8.12 4.87 3.7  14 

7/16/2004 17.51 80 3038 7.64 2.34 6.2  13 
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(AR2 – B) 
Date 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
Secchi 

(m) 
Sample 

Depth (m) 

7/26/2004 17.81 87 3015 7.51 2.63 6.5  13 

8/19/2004 20.30 70 3038 7.91 5.12 7.4  12 

10/18/2004 12.93  3040 7.86 8.37 10  11 

11/30/2004 3.92  3025 8.43 12.46 2  11 

3/28/2005 5.14 65 2660 7.71 10.38 13  12 

4/25/2005 10.1  3204 7.93 10.60 10.3  13 

5/31/2005 12 70 2887 7.84 3.40 8.7  13 

6/16/2005 14.4 85 3074 7.21 4.30 6.6  14 

7/6/2005 16.2 75  7.97 2.08 7.4 5.20 16 

7/20/2005 16.6 80  8.24 0.70 14.6 2.00 14 

9/1/2005 17.7 85 2718 8.40 1.60 8 1.50 12 

 

(AR2 – B) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/24/2003 0.050 0.005 0.010 0.010 0.500 1274.1 150.5 274.0 

10/22/2003 0.050 0.005 0.040 0.040 0.640 1256.1 152.4 272.0 

11/19/2003 0.050 0.016 0.016 0.050 0.506 1257.0 147.9 273.4 

5/19/2004 0.050 0.023 0.017 0.050 0.471 1171.7 161.5 307.5 

6/14/2004 0.050 0.005 0.005 0.050 0.600 1352.1 163.0 329.3 

6/29/2004 0.050 0.052 0.054 0.050 0.746 1429.0 172.4 412.0 

7/16/2004 0.050 0.005 0.040 0.050 0.435 1537.9 180.2 363.0 

7/26/2004 0.050 0.005 0.042 0.399 0.664 1449.0 184.3 369.0 

8/19/2004 0.050 0.024 0.011 0.050 0.380 1451.2 171.8 367.0 

10/18/2004 0.050 0.005 0.064 0.050 0.504 1467.1 167.3 343.0 

11/30/2004 0.010 0.012 0.020 0.005 0.280 1440.9 174.6 355.0 

3/28/2005 0.010 0.005 0.02  0.45 1564 168 397 

4/25/2005 0.020 0.005 0.034 0.07 0.52 1570 156 391 

5/31/2005 0.020 0.005 0.005 0.02 0.42 1516 162 384 

6/16/2005 0.030 0.015 0.023 0.34 0.66 1528 164 377 

7/20/2005 0.260 0.032 0.04 0.16 0.48 1492 152 366 

9/1/2005 0.005 0.005 0.031 0.02 0.48 1421 144 337 

 

(AR2 – B) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/24/2003 85.0 224.0 6.1 1035.1 2086 2410 120.8 11.00 

10/22/2003 84.0 236.0 10.8 1024.2 2084 2513 122.3 5.00 

11/19/2003 91.0 241.6 6.9 1057.3 2092 2451 123.4 4.30 

5/19/2004 90.8 234.2 10.6 1141.9 2056 2542 133.6 3.55 

6/14/2004 96.5 248.9 9.5 1219.8 2270 2529 132.6 3.70 

6/29/2004 107.0 262.0 11.6 1469.4 2670 2476 135.7 3.93 

7/16/2004 104.0 291.0 11.3 1334.7 2571 2641 140.1 4.37 

7/26/2004 97.0 296.0 10.4 1320.8 2488 2542 137.1 4.54 

8/19/2004 91.8 239.0 9.6 1294.4 2404 2691 122.3 3.84 

10/18/2004 104.0 249.0 10.6 1284.7  2416 124.6 3.43 



Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 217 
 

(AR2 – B) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

11/30/2004 106.0 243.0 10.1 1322.9 2805 2405 126.0 5.30 

3/28/2005 104 236 10 1420.0 2730 2570 135 5.2 

4/25/2005 106 230 10.2 1410.0 2740 2560 134 5.1 

5/31/2005 105 234 9.9 1390.0 2730 2500 131 4.9 

6/16/2005 102 225 10.2 1360.0 2710 2500 136 4.8 

7/20/2005 99.4 230 10.1 1320.0  2450 134 5.1 

9/1/2005 95.7 221 10 1240.0 2420 2320 125 5.6 

 

(AR2 – B) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/24/2003 10.0 7.0 2420      

10/22/2003 7.0 5.0 2520      

11/19/2003 5.2 2.4 2456 12.5 36.2 1.0 228.0 45.060 

5/19/2004 6.4 4.4 2548      

6/14/2004 7.4 6.0 2536      

6/29/2004 37.7 30.0 2708      

7/16/2004 55.2 46.2 2696      

7/26/2004 26.0 19.3 2568      

8/19/2004 16.5 13.5 2708      

10/18/2004 54.4 44.2 2776      

11/30/2004 6.8 2.7 2812      

3/28/2005 12.0 3.0 2782      

4/25/2005 16 6 2854      

5/31/2005 2 0.5 2781      

6/16/2005 6 0.5 2812      

7/20/2005 13 0.5 2696      

9/1/2005 9 2 2526      

 

(AR2 – B) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

11/19/2003 2.5 5 5 5 5 57.0 166.0 12.5 

 

(AR2 – B) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfer 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

11/19/2003 5 12.5 2.5 539000 12.5 0.5 4995 12.5 

 

(AR2 – B) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 

11/19/2003 12.5 12.5 

 
 
AR-2 Surface Samples 
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(AR2 – S) 
Date 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
Secchi 

(m) 
Sample 

Depth (m) 

9/24/2003 17.60  2820 7.95 8.79 5.3 0.93 1 

10/22/2003 13.59 75 2680 8.32 9.20 4.7 1.50 1 

11/19/2003 5.45 52 2682 8.24 10.79  2.32 1 

4/19/2004 11.73 60 2811 8.27 9.28 2.0 1.03 1 

5/19/2004 14.44 78 2839 8.14 10.26 0.9 2.07 1 

6/14/2004 17.73 80 2918 8.13 9.50 1.3 4.20 1 

6/29/2004 20.31 80 3035 8.22 7.03 0.4 4.96 1 

7/16/2004 23.40 80 3061 8.02 8.43 1.4 2.20 1 

7/26/2004 23.16 87 3041 7.96 10.63 2.2 1.90 1 

8/19/2004 20.63 70 3038 8.03 6.47 4.7 1.12 1 

10/18/2004 13.28  3038 7.92 9.29 5 0.90 1 

11/30/2004 3.99  3023 8.43 13.30 2 2.27 1 

3/28/2005 5.51 65 2658 7.93 12.16 3 0.90 1 

4/25/2005 11.8  3198 8.22 12.50 5.6 0.80 1 

5/31/2005 15.8 70 3061 8.13 8.90 0.3 8.00 1 

6/16/2005 19.1 85 2532 8.05 9.00 1.3 3.80 1 

7/6/2005 23.3 75  8.32 7.80 0 5.20 1 

7/20/2005 25.3 80  8.40 8.40 1.2 2.00 1 

8/3/2005 25.37 80 2770 8.37 6.68 2.3 1.40 1 

9/1/2005 21.7 85 2554 8.79 7.20 1.9 1.50 1 

 

(AR2 – S) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/24/2003 0.050 0.050 0.005 0.010 0.600 1273.9 151.1 295.0 

10/22/2003 0.050 0.005 0.020 0.040 0.610 1257.0 152.2 271.0 

11/19/2003 0.050 0.005 0.136 0.050 0.586 1249.2 147.6 272.5 

4/19/2004 0.050 0.014 0.064 0.050 0.585 1218.6 154.5 300.1 

5/19/2004 0.050 0.016 0.023 0.050 0.459 1172.6 161.7 306.8 

6/14/2004 0.050 0.005 0.040 0.050 0.500 1343.6 163.2 327.7 

6/29/2004 0.050 0.005 0.014 0.050 0.574 1565.9 181.3 411.0 

7/16/2004 0.050 0.005 0.005 0.050 0.360 1528.8 175.7 384.0 

7/26/2004 0.050 0.022 0.026 0.050 0.378 1369.8 165.7 402.0 

8/19/2004 0.388 0.028 0.011 0.050 0.389 1542.6 172.1 364.0 

10/18/2004 0.050 0.005 0.005 0.050 0.333 1466.4 166.3 353.0 

11/30/2004 0.005 0.005 0.022 0.005 0.340 1457.7 169.1 361.0 

3/28/2005 0.010 0.012 0.024  0.53 1600 163 385 

4/25/2005 0.020 0.005 0.025 0.04 0.58 1582 156 391 

5/31/2005 0.020 0.005 0.012 0.03 0.37 1568 158 393 

6/16/2005 0.130 0.005 0.018 0.13 0.44 1144 117 301 

7/6/2005 0.090 0.005 0.005 0.07 0.4 1257 127 302 

7/20/2005 0.010 0.005 0.012 0.04 0.41 1275 128 308 

8/3/2005 0.005 0.005 0.014 0.005 0.3 1311 129 317 

9/1/2005 0.005 0.005 0.017 0.005 0.38 1365 135 340 
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(AR2 – S) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/24/2003 88.0 244.0 12.6 1096.2 2138 2428 124.8 4.00 

10/22/2003 87.0 240.0 10.8 1033.6 2091 2467 121.8 5.00 

11/19/2003 90.7 240.5 6.6 1054.1 2082 2441 125.1 4.49 

4/19/2004 83.3 244.1 9.5 1092.5 2090 2602 133.5 6.29 

5/19/2004 90.9 235.0 11.8 1140.3 2060 2522 135.9 3.60 

6/14/2004 96.0 250.9 9.0 1213.4 2299 2592 133.0 3.80 

6/29/2004 97.9 271.0 10.5 1429.4 2722 2618 134.0 3.82 

7/16/2004 103.0 257.0 11.2 1383.0 2533 2664 121.9 4.17 

7/26/2004 105.0 167.0 11.4 1436.2 2293 2720 119.6 4.51 

8/19/2004 93.9 244.0 9.8 1295.6 2501 2676 123.2 4.17 

10/18/2004 105.0 251.0 10.7 1313.8  2427 124.3 4.008 

11/30/2004 108.0 247.0 10.2 1346.2 2583 2427 124.0 5.30 

3/28/2005 106 240 10 1400.0 2680 2600 135 5.5 

4/25/2005 103 228 10.1 1400.0 2760 2560 134 5.1 

5/31/2005 101 265 10 1400.0 2720 2590 130 4.9 

6/16/2005 77.3 183 9.3 1070.0 2100 1910 112 4.2 

7/6/2005 82.1 196 9.7 1090.0  2060 121 4.9 

7/20/2005 84.8 203 10.2 1120.0  2090 117 5.4 

8/3/2005 87.2 204 10.1 1150.0 2400 2140 111 5.4 

9/1/2005 94.6 219 10 1240.0 2400 2250 120 5.8 

 

(AR2 – S) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/24/2003 8.0 5.0 2436      

10/22/2003 5.0 4.0 2472      

11/19/2003 6.8 4.0 2448 12.5 46.2 1 233.0 45.75 

4/19/2004 6.0 3.2 2608 12.5 12.5 1 240.1 32.43 

5/19/2004 6.0 4.0 2528      

6/14/2004 4.1 3.3 2596      

6/29/2004 10.3 7.2 2732      

7/16/2004 4.5 3.1 2668      

7/26/2004 4.5 2.2 2724      

8/19/2004 12.2 8.7 2688      

10/18/2004 9.8 7.0 2820      

11/30/2004 4.6 3.8 2588      

3/28/2005 11.0 0.5 2762      

4/25/2005 11 6 2807      

5/31/2005 3 0.5 2767      

6/16/2005 3 2 2121      

7/6/2005 3 0.5 2234      

7/20/2005 4 1 2335      

8/3/2005 6 1 2399      

9/1/2005 4 2 2490      
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(AR2 – S) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

11/19/2003 2.5 5 5 5 5 71.0 164.3 12.5 

4/19/2004 2.5 5 5 5 5 12.5 119.5 12.5 

 

(AR2 – S) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfer 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

11/19/2003 5 12.5 2.5 533000 12.5 1.0 4945 12.5 

4/19/2004 5 12.5 2.5 447000 12.5 0.5 3217 37.44 

 

(AR2 – S) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

11/19/2003 12.5 12.5 5 1 

4/19/2004 12.5 12.5   

 
 
AR-3 Bottom Samples 
 

(AR3 – B) 
Date 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
Secchi 

(m) 
Sample 

Depth (m) 

9/24/2003 16.71  2830 8.05 8.70 7.8  12 

10/22/2003 13.14 75 2690 8.24 7.80 9.3  12 

11/19/2003 5.01 52 2688 8.26 10.72   11 

4/19/2004 9.45 60 2813 8.15  4.5  14 

5/19/2004 12.34 75 2836 7.97 7.86 3.5  12 

6/14/2004 16.64 80 2914 8.11 8.27 4.8  12 

6/29/2004 16.80 80 3029 8.11 6.12 7.7  12 

7/16/2004 17.88 80 3040 7.71 3.16 5.5  11 

7/26/2004 18.13 85 3016 7.41 3.72 5.1  11 

8/19/2004 20.55 68 3049 7.94 6.33 12.7  10 

10/18/2004 12.57  3037 7.89 9.10 11  9 

3/28/2005 5.06 65 2660 7.93 12.36 6  10 

4/25/2005 10.6  3123 8.05 5.00 32  11 

5/31/2005 12.2 70 3025 7.71 3.00 15.4  12 

6/16/2005 15.2 85 3057 7.44 5.90 12.6  13 

7/6/2005 16 75  7.87 2.64 5.4 5.20 13 

7/20/2005 16.6 75  8.33 1.00 34.2 1.70 12 

8/3/2005 17.09 80 3010 7.95 2.00 450 1.60 12 

9/1/2005 19.1 85 2735 8.15 1.90 52.9 0.95 10 

 

(AR3 – B) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/24/2003 0.050 0.050 0.005 0.010 0.600 1297.0 148.3 303.0 

10/22/2003 0.050 0.010 0.010 0.050 0.710 1253.7 152.3 273.0 

11/19/2003 0.050 0.043 0.043 0.050 0.519 1243.4 142.8 275.5 

4/19/2004 0.050 0.069 0.047 0.050 0.641 1240.8 160.9 286.9 
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(AR3 – B) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

5/19/2004 0.050 0.005 0.032 0.050 0.542 1277.1 164.9 303.0 

6/14/2004 0.050 0.005 0.020 0.050 0.700 1418.1 164.4 325.3 

6/29/2004 0.050 0.074 0.005 0.050 0.607 1409.5 172.0 361.0 

7/16/2004 0.050 0.005 0.016 0.283 0.772 1312.5 171.6 363.0 

7/26/2004 0.104 0.005 0.015 0.318 0.565 1435.7 163.6 353.0 

8/19/2004 0.050 0.030 0.005 0.050 0.456 1559.1 171.9 363.0 

10/18/2004 0.050 0.005 0.010 0.050 0.460 1524.4 165.3 361.0 

3/28/2005 0.010 0.04 0.036  0.64 1604 166 395 

4/25/2005 0.020 0.005 0.035 0.05 0.6 1576 155 387 

5/31/2005 0.020 0.005 0.012 0.03 0.42 1582 160 401 

6/16/2005 0.030 0.005 0.019 0.2 0.54 1527 164 378 

7/6/2005 0.060 0.005 0.022 0.23 0.56 1506 152 369 

7/20/2005 0.250 0.022 0.037 0.16 0.51 1484 152 363 

8/3/2005 0.030 0.005 0.032 0.13 0.6 1423 146 353 

9/1/2005 0.005 0.005 0.023 0.02 0.42 1411 141 332 

 

(AR3 – B) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/24/2003 89.0 249.0 13.3 1123.0 2177 2452 128.6 13.0 

10/22/2003 83.0 237.0 9.9 1023.2 2084 2522 124.6 5.0 

11/19/2003 93.2 252.6 6.4 1071.6 2087 2367 122.4 4.36 

4/19/2004 79.8 229.3 9.5 1044.9 2088 2539 134.3 6.10 

5/19/2004 89.1 235.0 10.6 1123.6 2160 2501 133.8 3.44 

6/14/2004 94.6 255.9 14.6 1202.0 2334 2570 132.9 3.50 

6/29/2004 97.3 288.0 10.4 1302.1 2557 2418 132.9 3.86 

7/16/2004 93.9 272.0 10.1 1293.1 2310 2622 143.9 3.76 

7/26/2004 93.1 254.0 10.0 1264.8 2390 2658 134.0 3.70 

8/19/2004 93.7 239.0 9.9 1292.3 2509 2625 120.0 3.69 

10/18/2004 105.0 251.0 10.7 1333.8  2492 123.9 3.447 

3/28/2005 106 236 10 1420.0 2720 2610 136 5.2 

4/25/2005 103 234 10.1 1390.0 2720 2560 134 5.1 

5/31/2005 101 240 10.2 1420.0 2720 2590 131 4.8 

6/16/2005 104 226 10.1 1370.0 2740 2500 133 4.8 

7/6/2005 97.3 223 9.9 1320.0  2450 131 4.7 

7/20/2005 99.6 229 10 1320.0  2430 135 5.1 

8/3/2005 95.1 213 9.9 1270.0 2670 2340 138 5.2 

9/1/2005 95.2 220 10.1 1220.0 2390 2300 121 5.5 

 

(AR3 – B) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/24/2003 8.0 5.0 2460      

10/22/2003 6.0 4.0 2528      

11/19/2003 0.8 0.3 2368 12.5 12.5 1 258.6 41.24 

4/19/2004 24.9 20.1 2564 12.5 12.5 1 241.5 34.24 
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(AR3 – B) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

5/19/2004 6.8 5.2 2508      

6/14/2004 17.9 14.3 2588      

6/29/2004 14.8 11.2 2572      

7/16/2004 78.5 65.9 2700      

7/26/2004 26.0 20.6 2684      

8/19/2004 23.0 18.3 2648      

10/18/2004 20.4 16.4 2768      

3/28/2005 17.0 3.0 2793      

4/25/2005 21 5 2924      

5/31/2005 4 0.5 2779      

6/16/2005 8 1 2809      

7/6/2005 3 2 2707      

7/20/2005 12 2 2717      

8/3/2005 14 2 2652      

9/1/2005 8 1 2483      

 

(AR3 – B) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

11/19/2003 2.5 5 5 5 5 57.0 153.4 31.16 

4/19/2004 2.5 5 5 5 15.07 12.5 118.1 59.86 

 

(AR3 – B) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfer 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

11/19/2003 5 12.5 12.6 479900 12.5 0.5 4583 52.35 

4/19/2004 5 12.5 2.5 429500 12.5 0.5 3142 28.67 

 

(AR3 – B) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 

11/19/2003 12.5 12.5 

4/19/2004 12.5 12.5 

 
 
AR-3 Surface Samples 
 

(AR3 – S) 
Date 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
Secchi 

(m) 
Sample 

Depth (m) 

9/24/2003 17.15  2830 7.89 9.50 5.0 1.04 1 

10/22/2003 13.65 75 2680 8.34 9.00 8.7 0.84 1 

11/19/2003 5.34 52 2683 8.25 11.70  2.23 1 

4/19/2004 11.13 60 2812 8.20  2.3 1.34 1 

5/19/2004 14.20 75 2844 8.06 9.50 1.5 0.83 1 

6/14/2004 17.63 80 2920 8.03 9.50 1.6 3.20 1 

6/29/2004 19.79 80 3042 8.21 7.45 0.6 3.71 1 

7/16/2004 23.24 80 3064 8.09 8.56 1.3 1.80 1 
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(AR3 – S) 
Date 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
Secchi 

(m) 
Sample 

Depth (m) 

7/26/2004 22.95 85 3040 7.93 10.43 2.1 1.50 1 

8/19/2004 20.80 68 3045 7.95 6.90 6.8 0.80 1 

10/18/2004 13.16  3012 7.98 10.54 5 0.75 1 

3/28/2005 5.35 65 2660 7.95 13.62 4 0.80 1 

4/25/2005 10.98  3192 8.23 11.10 6.9 0.85 1 

5/31/2005 16 70 3062 8.08 8.80 0.3 4.80 1 

6/16/2005 17.9 85 2360 8.09 8.90 4.7 0.80 1 

7/6/2005 22.8 75  8.37 7.77 0 5.20 1 

7/20/2005 24.7 75  8.32 8.00 1.3 1.70 1 

8/3/2005 24.89 80 2769 8.38 7.16 1.5 1.60 1 

9/1/2005 21.5 85 2615 8.79 7.00 3.1 0.95 1 

 

(AR3 – S) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/24/2003 0.050 0.005 0.010 0.010 0.500 1336.9 152.5 281.0 

10/22/2003 0.050 0.020 0.040 0.050 1.040 1244.0 156.3 291.0 

11/19/2003 0.050 0.022 0.022 0.050 0.582 1245.4 147.7 275.2 

4/19/2004 0.050 0.030 0.099 0.050 0.543 1222.2 156.3 298.8 

5/19/2004 0.050 0.012 0.029 0.050 0.566 1161.1 159.4 308.1 

6/14/2004 0.050 0.005 0.030 0.050 0.500 1399.7 163.2 322.8 

6/29/2004 0.050 0.005 0.049 0.050 0.660 1413.2 173.8 362.0 

7/16/2004 0.050 0.005 0.005 0.050 0.273 1488.7 175.7 405.0 

7/26/2004 0.050 0.005 0.023 0.050 0.428 1567.4 232.7 414.0 

8/19/2004 0.050 0.044 0.005 0.050 0.497 1570.2 170.6 370.0 

10/18/2004 0.050 0.005 0.005 0.050 0.420 1546.6 166.9 335.0 

3/28/2005 0.010 0.012 0.025  0.42 1594 164 387 

4/25/2005 0.020 0.005 0.023 0.02 0.5 1617 156 407 

5/31/2005 0.020 0.005 0.013 0.04 0.4 1564 159 395 

6/16/2005 0.180 0.011 0.027 0.15 0.5 950.7 91.2 223 

7/6/2005 0.090 0.005 0.012 0.07 0.4 1242 123 295 

7/20/2005 0.010 0.005 0.012 0.02 0.41 1267 129 308 

8/3/2005 0.005 0.005 0.014 0.005 0.42 1302 130 309 

9/1/2005 0.005 0.005 0.018 0.005 0.41 1429 141 337 

 

(AR3 – S) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/24/2003 8.0 5.0 2460      

10/22/2003 4.0 3.0 2492      

11/19/2003 3.6 1.2 2424 12.5 12.5 1.0 257.0 42.18 

4/19/2004 8.4 5.6 2536 12.5 12.5 1.0 247.2 32.44 

5/19/2004 5.6 4.4 2552      

6/14/2004 5.2 4.4 2592      

6/29/2004 4.9 2.7 2612      

7/16/2004 25.1 20.2 2644      
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(AR3 – S) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

7/26/2004 6.3 3.6 2668      

8/19/2004 15.7 11.3 2624      

10/18/2004 9.7 6.2 2716      

3/28/2005 12.0 0.5 2769      

4/25/2005 16 6 2790      

5/31/2005 2 0.5 2761      

6/16/2005 5 0.5 1778      

7/6/2005 2 0.5 2264      

7/20/2005 5 0.5 2323      

8/3/2005 4 0.5 2383      

9/1/2005 5 1 2488      

 

(AR3 – S) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

11/19/2003 2.5 5.0 5.0 5.0 10.5 51.0 150.7 39.6 

4/19/2004 2.5 5.0 5.0 5.0 5.0 12.5 114.5 12.5 

 

(AR3 – S) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfer 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

11/19/2003 5.0 12.5 2.5 479900 12.5 0.5 4604 43.5 

4/19/2004 5.0 12.5 2.5 444600 27.9 0.5 3010 29.8 

 

(AR3 – S) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

11/19/2003 12.5 12.5 20 4.1 

4/19/2004 12.5 12.5   

 
 
AR-4 Bottom Samples 
 

(AR4 – B) 
Date 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
Secchi 

(m) 
Sample 

Depth (m) 

9/24/2003 16.86  2830 8.14 8.90 6.7  8 

10/22/2003 13.00 80 2680 8.27 8.30 11.4  8 

11/19/2003 4.66 52 2696 8.27 11.11   7 

4/19/2004 10.60 60 2823 8.26 9.26 3.5  9 

5/19/2004 13.50 70 2846 8.02 8.60 8.6  10 

6/14/2004 17.16 80 2923 8.11 8.80 3.1  7 

6/29/2004 18.12 80 3038 8.22 8.52 3.0  7 

7/16/2004 20.42 80 3055 7.88 5.23 5.3  6 

7/26/2004 21.24 80 3035 7.83 7.27 6.0  6 

8/19/2004 21.01 70 3051 7.90 6.62 15.4  9 

3/28/2005 4.91 65 2662 7.92 12.22 13  8 

4/25/2005 10.6  3206 8.19 11.00 19.6  6 
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(AR4 – B) 
Date 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
Secchi 

(m) 
Sample 

Depth (m) 

5/31/2005 15.2 70 3062 8.00 8.40 3.88  7 

6/16/2005 17.5 85 3016 7.84 9.20 3.6  7 

7/6/2005 17.3 70  8.17 4.21 19.9 4.50 9 

7/20/2005 19.4 72  8.40 2.30 50.1 1.49 8 

8/3/2005 21.12 80 2845 8.08 2.49 154.3 1.50 7 

9/1/2005 20.6 85 2514 8.87 6.40 15.8 0.80 6 

 

(AR4 – B) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/24/2003 0.050 0.005 0.005 0.010 0.500 1298.2 147.1 299.0 

10/22/2003 0.050 0.020 0.040 0.040 0.750 1279.6 151.4 304.0 

11/19/2003 0.050 0.024 0.024 0.050 0.509 1237.5 144.0 285.8 

4/19/2004 0.050 0.027 0.044 0.050 0.622 1260.7 155.4 277.0 

5/19/2004 0.050 0.005 0.047 0.050 0.464 1219.0 162.2 302.0 

6/14/2004 0.050 0.020 0.005 0.050 0.500 1366.2 165.9 297.1 

6/29/2004 0.050 0.005 0.038 0.050 0.610 1438.2 173.7 374.0 

7/16/2004 0.050 0.005 0.005 0.050 0.318 1380.9 179.3 368.0 

7/26/2004 0.050 0.005 0.005 0.050 0.522 1527.8 175.2 422.0 

8/19/2004 0.050 0.021 0.013 0.050 0.511 1448.1 171.7 363.0 

3/28/2005 0.010 0.005 0.03  0.81 1493 152 393 

4/25/2005 0.380 0.005 0.033 0.04 0.46 1567 156 387 

5/31/2005 0.020 0.005 0.012 0.02 0.46 1557 161 390 

6/16/2005 0.040 0.005 0.012 0.1 0.4 1506 156 362 

7/6/2005 0.050 0.011 0.013 0.17 0.47 1416 142 354 

7/20/2005 0.220 0.01 0.033 0.09 0.54 1396 140 333 

8/3/2005 0.005 0.005 0.019 0.005 0.43 1294 127 318 

9/1/2005 0.005 0.005 0.02 0.02 0.42 1403 140 333 

 

(AR4 – B) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/24/2003 87.0 244.0 13.4 1105.2 2162 2486 122.5 13.00 

10/22/2003 86.0 255.0 11.0 1113.7 2159 2468 119.5 5.00 

11/19/2003 95.3 253.3 6.5 1106.0 2097 2438 124.5 4.19 

4/19/2004 77.0 215.3 8.4 1008.8 2076 2543 136.5 5.74 

5/19/2004 88.9 230.6 11.4 1120.1 2094 2537 133.6 3.32 

6/14/2004 86.8 222.7 10.4 1099.2 2228 2536 131.8 3.70 

6/29/2004 117.0 276.0 12.8 1415.7 2579 2470 131.0 3.62 

7/16/2004 103.0 279.0 10.5 1343.1 2397 2640 126.5 3.90 

7/26/2004 100.0 254.0 10.8 1465.5 2562 2811 120.7 4.69 

8/19/2004 93.4 235.0 9.8 1291.0 2387 2648 110.1 4.09 

3/28/2005 106 235 9.9 1420.0 2730 2480 137 5.00 

4/25/2005 104 253 9.9 1390.0 2690 2570 134 5.10 

5/31/2005 100 240 9.5 1390.0 2710 2550 132 4.90 

6/16/2005 98.8 228 10 1310.0 2680 2450 129 4.70 
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(AR4 – B) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

7/6/2005 95.5 214 9.8 1280.0  2320 130 4.70 

7/20/2005 91.9 216 10 1210.0  2280 130 5.10 

8/3/2005 86.5 201 10.1 1150.0 2370 2120 114 5.30 

9/1/2005 92.7 221 10 1210.0 2390 2280 120 5.50 

 

(AR4 – B) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/24/2003 10.0 7.0 2496      

10/22/2003 8.0 6.0 2476      

11/19/2003 6.4 4.4 2444 12.5 63.0 1.0 257.1 42.16 

4/19/2004 8.8 5.2 2552 12.5 12.5 1.0 221.8 32.44 

5/19/2004 7.2 5.2 2544      

6/14/2004 8.1 6.6 2544      

6/29/2004 4.9 2.2 2584      

7/16/2004 7.6 5.4 2648      

7/26/2004 9.4 6.3 2820      

8/19/2004 20.0 16.1 2668      

3/28/2005 11.0 2.0 2780      

4/25/2005 16 4 2519      

5/31/2005 5 0.5 2771      

6/16/2005 3 0.5 2741      

7/6/2005 4 0.5 2561      

7/20/2005 8 2 2531      

8/3/2005 8 0.5 2369      

9/1/2005 10 2 2458      

 

(AR4 – B) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

11/19/2003 2.5 5.0 5.0 5.0 5.0 86.0 159.4 33.7 

4/19/2004 2.5 5.0 5.0 5.0 5.0 12.5 117.8 12.5 

 

(AR4 – B) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfer 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

11/19/2003 5.0 12.5 2.5 491500 12.5 2.8 4794 42.9 

4/19/2004 10.1 12.5 2.5 401400 12.5 0.5 2898 12.5 

 

(AR4 – B) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 

11/19/2003 12.5 12.5 

4/19/2004 12.5 12.5 

 
 
AR-4 Surface Samples 
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(AR4 – S) 
Date 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
Secchi 

(m) 
Sample 

Depth (m) 

9/24/2003 17.22  2830 8.17 9.60 6.7 0.80 1 

10/22/2003 13.80 80 2650 8.37 9.70 13.6 0.64 1 

11/19/2003 4.78 52 2693 8.27 11.16  1.29 1 

4/19/2004 11.55 60 2822 8.21 10.02 4.1 0.93 1 

5/19/2004 14.10 70 2846 8.08 9.88 4.5 0.75 1 

6/14/2004 17.64 80 2924 8.01 9.10 3.3 1.48 1 

6/29/2004 18.94 80 3039 8.11 8.21 1.3 2.23 1 

7/16/2004 23.39 80 3062 8.13 8.44 4.3 0.80 1 

7/26/2004 22.12 80 3036 7.82 8.69 2.3 1.70 1 

8/19/2004 21.22 70 3048 7.80 7.36 15.2 0.69 1 

10/18/2004 12.53  3037 7.95 9.67 6 0.61 1 

3/28/2005 5.30 65 2663 7.95 13.27 6 0.70 1 

4/25/2005 10.7  3186 8.17 10.80 9.1 0.40 1 

5/31/2005 15.8 70 3064 8.06 8.60 1.3 3.50 1 

6/16/2005 17.6 85 2368 8.17 8.60 9.0 0.30 1 

7/6/2005 22.6 70  8.36 7.60 0 4.50 1 

7/20/2005 24.6 72  8.38 7.20 1.8 1.49 1 

8/3/2005 24.22 80 2771 8.31 6.89 1.8 1.50 1 

9/1/2005 21.8 85 2460 8.92 7.70 5.1 0.80 1 

 

(AR4 – S) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/24/2003 0.050 0.030 0.005 0.010 0.600 1329.9 151.5 284.0 

10/22/2003 0.050 0.040 0.050 0.050 0.820 1274.3 149.6 291.0 

11/19/2003 0.050 0.039 0.039 0.050 0.513 1249.0 146.2 281.8 

4/19/2004 0.050 0.070 0.039 0.050 0.586 1152.7 157.2 276.0 

5/19/2004 0.050 0.005 0.042 0.050 0.334 1231.9 164.7 298.1 

6/14/2004 0.050 0.030 0.005 0.050 0.600 1381.7 163.5 307.8 

6/29/2004 0.050 0.005 0.005 0.050 0.643 1497.6 176.0 362.0 

7/16/2004 0.050 0.005 0.005 0.050 0.361 1461.1 179.6 407.0 

7/26/2004 0.050 0.014 0.005 0.050 0.472 1522.1 165.6 360.0 

8/19/2004 0.050 0.030 0.016 0.050 0.504 1455.0 173.7 361.0 

10/18/2004 0.050 0.005 0.005 0.050 0.661 1529.1 172.2 357.0 

3/28/2005 0.010 0.011 0.038  0.5 1584 165 397 

4/25/2005 0.010 0.005 0.024 0.04 0.5 1574 156 401 

5/31/2005 0.030 0.01 0.012 0.05 0.38 1576 160 394 

6/16/2005 0.130 0.012 0.039 0.14 0.5 877.3 84.1 205 

7/6/2005 0.070 0.005 0.005 0.1 0.39 1237 124 301 

7/20/2005 0.010 0.005 0.01 0.02 0.41 1282 127 304 

8/3/2005 0.005 0.005 0.017 0.005 0.43 1291 128 314 

9/1/2005 0.005 0.005 0.023 0.01 0.42 1424 140 335 

 

(AR4 – S) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 
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(AR4 – S) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/24/2003 88.0 231.0 6.5 1070.5 2164 2459 121.4 11.00 

10/22/2003 85.0 244.0 10.7 1075.6 2131 2470 127.8 5.00 

11/19/2003 93.8 251.8 6.6 1089.8 2105 2437 125.7 4.01 

4/19/2004 76.4 213.3 8.9 1003.7 1966 2544 135.6 5.87 

5/19/2004 87.6 224.6 9.0 1105.0 2097 2510 134.6 3.29 

6/14/2004 89.2 232.4 11.2 1135.8 2302 2549 132.4 3.70 

6/29/2004 106.0 298.0 11.4 1340.4 2590 2531 132.8 3.84 

7/16/2004 97.3 273.0 10.5 1417.0 2504 2634 126.4 4.03 

7/26/2004 107.0 262.0 11.6 1339.5 2499 2670 118.2 4.41 

8/19/2004 90.8 232.0 9.5 1275.3 2390 2631 112.7 4.15 

10/18/2004 105.0 254.0 10.8 1323.8  2501 121.4 3.68 

3/28/2005 106 234 9.7 1430.0 2770 2590 136 5.40 

4/25/2005 107 248 10 1440.0 2930 2590 134 5.10 

5/31/2005 102 236 10.1 1400.0 2700 2570 133 4.90 

6/16/2005 57.8 149 8.6 750.0 1640 1460 103 5.20 

7/6/2005 82 194 9.7 1090.0  2030 123 5.00 

7/20/2005 84.4 203 9.9 1110.0  2090 119 5.50 

8/3/2005 85.9 200 10.1 1140.0 2490 2110 113 5.30 

9/1/2005 93.8 220 10.2 1220.0 2370 2310 119 5.60 

 

(AR4 – S) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/24/2003 9.0 7.0 2468      

10/22/2003 10.0 7.0 2480      

11/19/2003 6.8 4.4 2444 12.5 71.8 1.0 253.9 41.24 

4/19/2004 8.4 5.2 2552 12.5 12.5 1.0 231.6 34.22 

5/19/2004 6.4 5.6 2516      

6/14/2004 7.1 5.9 2556      

6/29/2004 5.8 3.6 2596      

7/16/2004 10.3 8.1 2644      

7/26/2004 5.8 3.1 2676      

8/19/2004 20.9 16.1 2652      

10/18/2004 9.3 4.6 2736      

3/28/2005 13.0 0.5 2754      

4/25/2005 18 8 2908      

5/31/2005 3 0.5 2783      

6/16/2005 12 1 1667      

7/6/2005 2 0.5 2258      

7/20/2005 6 1 2335      

8/3/2005 6 1 2385      

9/1/2005 8 2 2487      

 

(AR4 – S) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 
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(AR4 – S) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

11/19/2003 2.5 5.0 5.0 5.0 5.0 93.0 154.1 33.7 

4/19/2004 2.5 5.0 5.0 5.0 5.0 12.5 116.8 12.5 

 

(AR4 – S) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfer 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

11/19/2003 5.0 12.5 2.5 484600 12.5 0.5 4723 12.5 

4/19/2004 5.0 12.5 2.5 404400 12.5 0.5 2973 32.7 

 

(AR4 – S) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

11/19/2003 12.5 12.5 10 6.3 

4/19/2004 12.5 12.5   

 
 
AR-5 Bottom Samples 
 

(AR5 – B) 
Date 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
Secchi 

(m) 
Sample 

Depth (m) 

9/24/2003 16.40  2840 8.16 9.60 18.3  4 

10/22/2003 12.39 80 2690 8.26 8.80 15.3  4 

11/19/2003 4.70 52 2697 8.27 11.13   4 

4/19/2004 10.85 59 2823 8.22  9.1  5 

5/19/2004 13.70 68 2854 8.09 9.16 6.9  5 

6/14/2004 17.07 80 2927 8.25 8.25 5.1  5 

6/29/2004 17.67 80 3041 8.06 7.22 5.6  4 

7/16/2004 23.37 80 3053 8.04 7.13 14.6  4 

7/26/2004 19.98 80 3020 7.51 3.37 11.5  4 

8/19/2004 18.98 70 3025 7.68 4.92 57.4  3 

3/28/2005 5.13 65 2658 7.73 12.61 8  3 

4/25/2005 11  3156 8.01 10.90 977  3 

5/31/2005 15 70 3070 8.02 7.20 6.7  4 

6/16/2005 16.2 85 1678 8.08 1.20 1.3  5 

7/6/2005 21.8 65  8.22 6.82 14.6 3.30 5 

7/20/2005 23.5 70  8.68 4.80 40.1 0.65 5 

8/3/2005 23.27 80 2796 8.30 4.38 1311 0.80 4 

9/1/2005 18 85 2460 8.26 4.30 19.7 0.80 3 

 

(AR5 – B) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/24/2003 0.050 0.005 0.010 0.010 0.400 1303.5 147.9 296.0 

10/22/2003 0.050 0.005 0.020 0.050 0.730 1294.2 147.3 312.0 

11/19/2003 0.050 0.005 0.005 0.050 0.629 1220.7 146.1 281.3 

4/19/2004 0.050 0.076 0.065 0.050 0.641 1220.6 161.8 278.6 

5/19/2004 0.050 0.028 0.025 0.050 0.478 1321.4 162.3 323.8 
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(AR5 – B) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

6/14/2004 0.050 0.005 0.010 0.050 0.500 1337.3 165.4 310.8 

6/29/2004 0.050 0.005 0.011 0.050 0.559 1477.4 173.0 402.0 

7/16/2004 0.050 0.005 0.424 0.196 1.335 1570.3 191.9 395.0 

7/26/2004 0.050 0.005 0.052 0.114 0.416 1505.2 172.9 385.0 

3/28/2005 0.010 0.005 0.028  0.42 1587 167 393 

4/25/2005 0.020 0.005 0.062 0.07 0.74 1568 157 393 

5/31/2005 0.030 0.005 0.021 0.02 0.4 1581 158 391 

6/16/2005 0.070 0.005 0.028 0.12 0.47 1304 140 325 

7/6/2005 0.070 0.005 0.035 0.1 0.49 1239 123 299 

7/20/2005 0.010 0.005 0.031 0.03 0.4 1299 128 307 

8/3/2005 0.005 0.005 0.024 0.005 0.42 1309 125 319 

9/1/2005 0.005 0.005 0.033 0.02 0.45 1406 139 335 

 

(AR5 – B) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/24/2003 86.0 238.0 13.4 1091.9 2159 2450 125.0 11.00 

10/22/2003 88.0 241.0 10.1 1139.0 2167 2541 125.5 5.00 

11/19/2003 93.3 249.9 6.9 1086.8 2074 2452 125.9 4.13 

4/19/2004 76.8 211.7 8.4 1011.7 2040 2551 136.3 5.82 

5/19/2004 95.3 245.4 4.5 1201.0 2234 2548 135.5 3.13 

6/14/2004 89.5 246.6 18.0 1144.8 2317 2547 135.0 3.60 

6/29/2004 102.0 268.0 10.9 1423.8 2360 2512 131.5 3.84 

7/16/2004 100.0 280.0 10.8 1398.1 2626 2628 128.9 3.78 

7/26/2004 99.1 294.0 10.6 1369.4 2541 2658 124.3 3.89 

8/19/2004    1308.8  2317   

3/28/2005 104 232 9.7 1410.0 2740 2590 138 5.00 

4/25/2005 102 238 9.9 1400.0 2730 2560 135 5.40 

5/31/2005 98.3 244 9.4 1380.0 2720 2580 134 4.70 

6/16/2005 89.4 205 9.6 1180.0 2430 2160 124 4.80 

7/6/2005 81.8 195 9.7 1080.0  2040 127 5.10 

7/20/2005 86.4 206 10.3 1120.0  2120 123 5.30 

8/3/2005 86.8 202 9.9 1150.0 2390 2130 116 5.20 

9/1/2005 94.5 219 10 1230.0 2390 2290 122 5.80 

 

(AR5 – B) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/24/2003 22.0 18.0 2472      

10/22/2003 27.0 23.0 2568      

11/19/2003 3.6 1.6 2456 12.5 72.7 1.0 263.3 42.18 

4/19/2004 8.8 5.2 2560 12.5 12.5 1.0 235.9 33.33 

5/19/2004 12.4 10.0 2560      

6/14/2004 9.0 7.6 2556      

6/29/2004 11.7 8.5 2372      

7/16/2004 168.2 146.2 2796      
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(AR5 – B) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

7/26/2004 30.5 25.6 2688      

3/28/2005 13.0 2.0 2759      

4/25/2005 54 9 3256      

5/31/2005 8 1 2764      

6/16/2005 13 0.5 2486      

7/6/2005 22 3 2276      

7/20/2005 22 2 2395      

8/3/2005 11 0.5 2389      

9/1/2005 19 3 2473      
 

(AR5 – B) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

11/19/2003 2.5 5.0 5.0 5.0 5.0 88.0 152.7 30.8 

4/19/2004 2.5 5.0 5.0 5.0 5.0 12.5 120.1 12.5 

 

(AR5 – B) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfer 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

11/19/2003 5.0 12.5 5.8 481900 12.5 0.5 4709 46.5 

4/19/2004 5.0 12.5 2.5 404600 12.5 0.5 3061 12.5 

 

(AR5 – B) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 

11/19/2003 12.5 12.5 

4/19/2004 12.5 12.5 

 
 
AR-5 Surface Samples 
 

(AR5 – S) 
Date 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
Secchi 

(m) 
Sample 

Depth (m) 

9/24/2003 16.86  2840 8.19 9.70 10.8 0.43 1 

10/22/2003 13.28 80 2690 8.34 9.60 13.1 0.66 1 

11/19/2003 4.75 52 2695 8.27 11.27  1.03 1 

4/19/2004 11.33 59 2827 7.82  4.6 0.79 1 

5/19/2004 14.09 68 2846 7.94 9.34 5.7 0.72 1 

6/14/2004 17.55 80 2928 8.65 8.65 7.2 0.38 1 

6/29/2004 19.46 80 3048 8.00 8.29 4.1 0.94 1 

7/16/2004 23.76 80 3062 8.48 7.61 7.1 0.70 1 

7/26/2004 22.52 80 3040 7.56 9.00 7.6 0.67 1 

8/19/2004 21.08 70 3045 7.83 6.48 27.2 0.36 1 

10/18/2004 11.90  3036 7.90 10.36 12 0.39 1 

3/28/2005 5.60 65 2659 7.77 13.09 7 0.60 1 

4/25/2005 11.6  3182 8.24 10.80 28.8 0.25 1 

5/31/2005 15.7 70 3070 8.06 8.60 3.1 1.40 1 
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(AR5 – S) 
Date 

Water 
Temp (C) 

Air Temp 
(F) 

Spec 
Cond 

(uS/cm) pH 
D.O. 

(mg/L) 
Turb 

(NTU) 
Secchi 

(m) 
Sample 

Depth (m) 

6/16/2005 17.5 85 2164 8.09 8.00 11.8 0.25 1 

7/6/2005 23 65  8.39 7.50 0.9 3.30 1 

7/20/2005 23.9 70  8.66 5.00 7.9 0.65 1 

8/3/2005 23.87 80 2785 8.32 6.52 8.5 0.80 1 

9/1/2005 21.3 85 2546 8.95 4.80 7.3 0.80 1 

 

(AR5 – S) 
Date 

NO2 + 
NO3 

(mg/L) 
P Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
(mg/L) 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

9/24/2003 0.050 0.030 0.005 0.010 0.600 1317.0 151.7 299.0 

10/22/2003 0.050 0.030 0.040 0.040 0.720 1280.9 149.5 291.0 

11/19/2003 0.050 0.027 0.027 0.050 0.482 1243.1 147.1 286.3 

4/19/2004 0.050 0.070 0.079 0.050 0.579 1232.8 157.1 281.6 

5/19/2004 0.050 0.005 0.033 0.050 0.596 1208.6 162.4 298.7 

6/14/2004 0.050 0.005 0.020 0.050 0.500 1405.4 164.0 318.5 

6/29/2004 0.050 0.023 0.005 0.050 0.648 1491.9 171.7 404.0 

7/16/2004 0.050 0.005 0.005 0.050 0.450 1402.7 206.9 412.0 

7/26/2004 0.050 0.005 0.016 0.050 0.347 1556.2 169.8 421.0 

8/19/2004 0.050 0.028 0.063 0.050 0.805 1440.1 171.6 354.0 

10/18/2004 0.050 0.081 0.033 0.050 0.506 1464.6 163.6 343.0 

3/28/2005 0.010 0.01 0.025  0.42 1614 169 405 

4/25/2005 0.005 0.005 0.043 0.05 0.53 1530 155 394 

5/31/2005 0.030 0.005 0.013 0.02 0.45 1577 159 394 

6/16/2005 0.130 0.017 0.106 0.14 0.56 523.9 43 115 

7/6/2005 0.060 0.005 0.01 0.08 0.43 1247 126 304 

7/20/2005 0.005 0.005 0.018 0.08 0.4 1297 127 311 

8/3/2005 0.005 0.005 0.022 0.01 0.33 1312 127 320 

9/1/2005 0.005 0.005 0.019 0.005 0.41 1424 140 339 

 

(AR5 – S) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

9/24/2003 90.0 238.0 8.0 1117.3 2178 2437 123.2 10.00 

10/22/2003 84.0 241.0 10.5 1074.1 2132 2480 124.7 5.00 

11/19/2003 95.2 256.2 6.6 1107.0 2109 2452 124.7 4.26 

4/19/2004 77.4 214.8 8.3 1022.0 2053 2573 135.0 5.87 

5/19/2004 87.5 229.0 13.0 1106.3 2079 2567 132.8 3.25 

6/14/2004 91.4 238.6 11.2 1171.8 2270 2554 134.2 3.50 

6/29/2004 109.0 259.0 11.7 1457.7 2613 2527 132.5 3.75 

7/16/2004 95.9 261.0 10.3 1423.7 2462 2677 121.9 3.66 

7/26/2004 101.0 283.0 10.8 1467.2 2611 2665 116.2 3.81 

8/19/2004 91.6 231.0 9.6 1261.1 2364 1008 109.7 4.47 

10/18/2004 105.0 249.0 10.7 1288.9  2410 124.0 3.73 

3/28/2005 106 236 9.7 1450.0 2740 2640 138 4.70 

4/25/2005 103 257 10 1410.0 2700 2540 136 5.30 

5/31/2005 102 230 10 1400.0 2730 2570 134 4.90 
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(AR5 – S) 
Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

6/16/2005 34.4 111 8.4 429.0 1010 908 95.9 5.80 

7/6/2005 82.1 202 9.7 1100.0  2060 127 5.00 

7/20/2005 85.4 215 10 1130.0  2130 122 5.30 

8/3/2005 86.1 199 10.1 1150.0 2380 2140 116 5.20 

9/1/2005 95.2 219 10.2 1240.0 2370 2310 121 5.40 

 

(AR5 – S) 
Date 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

9/24/2003 15.0 11.0 2452      

10/22/2003 12.0 9.0 2492      

11/19/2003 8.0 6.4 2460 12.5 121.4 1.0 268.0 42.16 

4/19/2004 10.8 7.6 2584 12.5 12.5 1.0 237.3 32.44 

5/19/2004 8.8 7.2 2576      

6/14/2004 13.7 10.9 2568      

6/29/2004 10.8 7.6 2624      

7/16/2004 14.8 12.1 2692      

7/26/2004 15.2 11.7 2680      

8/19/2004 35.7 28.3 1044      

10/18/2004 21.9 16.3 2796      

3/28/2005 16.0 0.5 2780      

4/25/2005 34 6 2816      

5/31/2005 4 0.5 2790      

6/16/2005 62 6 1087      

7/6/2005 3 0.5 2264      

7/20/2005 10 4 2360      

8/3/2005 10 1 2402      

9/1/2005 8 1 2488      

 

(AR5 – S) 
Date 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

11/19/2003 2.5 5.0 5.0 5.0 <10 103.0 158.0 33.7 

4/19/2004 2.5 5.0 5.0 5.0 5.0 12.5 119.8 12.5 

 

(AR5 – S) 
Date 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfer 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

11/19/2003 5.0 12.5 2.5 492300 12.5 2.3 4827 47.2 

4/19/2004 12.6 12.5 2.5 404700 12.5 1.1 2931 29.7 

 

(AR5 – S) 
Date 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
Fecal Coliform 

(colonies/100mL) 
E.Coli 

(colonies/100mL) 

11/19/2003 12.5 12.5 5 2 

4/19/2004 12.5 12.5   
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APPENDIX C. DESCRIPTIVE STATISTICS FOR ANGOSTURA RESERVOIR SAMPLES
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AR-1 Bottom Samples 
 

AR-1  Bottom n Mean Median Standard Deviation Min Max 
Water Temp (ºF) 18 56.6 58.9 8.78 40.3 69.4 

Spec Cond (µS/cm) 16 2918 2965 159 2652 3203 
pH 18 7.98 7.96 0.214 7.68 8.42 

D.O. (mg/L) 18 7.03 7.44 3.17 0.90 12.4 
Turb (NTU) 17 8.54 5.40 8.77 1.20 34.3 

Sample Depth (m) 18 10.6 11.0 2.04 5.0 13.0 
NO2 + NO3 (mg/L) 17 0.051 0.050 0.051 0.005 0.24 

P Diss (mg/L) 17 0.013 0.005 0.014 0.005 0.053 
P Total (mg/L) 17 0.029 0.020 0.029 0.005 0.118 

NH3 Diss (mg/L) 16 0.084 0.050 0.065 0.005 0.210 
TKN (mg/L) 17 0.520 0.494 0.128 0.370 0.813 
SO4 (mg/L) 17 1422 1423 140 1183 1601 
Cl (mg/L) 17 163 165 9.04 141 173 
Ca (mg/L) 17 346 362 44.8 268 396 
Mg (mg/L) 17 98.2 97.8 8.99 81.8 110 
Na (mg/L) 17 245 240 16.2 222 284 
K (mg/L) 17 10.3 10.2 1.41 6.33 13.0 

Hardness as CaCO3 (mg/l) 17 1269 1320 143 1029 1440 
TDS Sum (mg/L) 17 2458 2534 280 1440 2658 

Alk as CaCO3 (mg/L) 17 130 131 5.27 120 139 
TOC (mg/L) 17 5.14 4.87 1.52 3.45 10.3 
TSS (mg/L) 17 9.10 8.03 3.87 3.00 18.5 
TVS (mg/L) 17 6.65 5.22 5.42 0.50 22.0 
TS (mg/L) 17 2723 2664 352 2448 4004 

SAR 17 3.0 3.0 0.23 2.7 3.3 
 
 
AR-1 Surface Samples 
 

AR-1 Surface n Mean Median Standard Deviation Min Max 
Water Temp (ºF) 19 62.0 63.4 12.2 40.3 81.9 

Spec Cond (µS/cm) 17 2916 2923 162 2656 3200 
pH 19 8.14 8.18 0.237 7.48 8.43 

D.O. (mg/L) 19 9.46 9.20 1.74 6.97 12.8 
Turb (NTU) 18 2.75 1.55 3.80 0.00 16.3 
Secchi (m) 19 2.90 2.30 2.41 0.40 8.35 

NO2 + NO3 (mg/L) 19 0.041 0.050 0.023 0.005 0.080 
P Diss (mg/L) 19 0.013 0.005 0.013 0.005 0.041 
P Total (mg/L) 19 0.019 0.014 0.018 0.005 0.070 

NH3 Diss (mg/L) 18 0.047 0.050 0.029 0.005 0.130 
TKN (mg/L) 19 0.514 0.450 0.192 0.302 1.13 
SO4 (mg/L) 19 1400 1392 130 1238 1591 
Cl (mg/L) 19 158 161 15.8 128 181 
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AR-1 Surface n Mean Median Standard Deviation Min Max 
Ca (mg/L) 19 341 339 46.9 267 426 
Mg (mg/L) 19 95.1 93.9 9.37  83.0 110 
Na (mg/L) 19 241 245 26.3 190 297 
K (mg/L) 19 9.97 10.1 1.58 6.28 13.0 

Hardness as CaCO3 (mg/l) 19 1242 1230 150 1009 1480 
TDS Sum (mg/L) 19 2455 2536 190 2070 2668 

Alk as CaCO3 (mg/L) 19 126 123 8.63 109 141 
TOC (mg/L) 19 4.95 4.96 1.15 2.00 7.00 
TSS (mg/L) 19 6.83 6.43 3.57 2.00 15.0 
TVS (mg/L) 19 3.37 3.21 3.01 0.500 12.8 
TS (mg/L) 19 2577 2576 140 2293 2771 

SAR 19 3.0 3.0 0.30 2.5 3.6 
 
 
AR-2 Bottom Samples 
 

AR-2 Bottom n Mean Median Standard Deviation Min Max 
Water Temp (ºF) 18 55.7 57.0 8.61 39.1 68.5 

Spec Cond (µS/cm) 16 2923 2964 159 2660 3204 
pH 18 7.94 7.97 0.293 7.21 8.43 

D.O. (mg/L) 18 6.42 6.87 3.42 0.70 12.5 
Turb (NTU) 17 7.35 7.20 3.27 2.40 14.6 

Sample Depth (m) 18 13.3 13.5 1.36 11.0 16.0 
NO2 + NO3 (mg/L) 16 0.053 0.050 0.057 0.010 0.260 

P Diss (mg/L) 16 0.014 0.005 0.013 0.005 0.052 
P Total (mg/L) 16 0.028 0.022 0.018 0.005 0.064 

NH3 Diss (mg/L) 15 0.093 0.050 0.118 0.005 0.399 
TKN (mg/L) 16 0.516 0.502 0.120 0.280 0.746 
SO4 (mg/L) 16 1422 1450 123 1172 1570 
Cl (mg/L) 16 164 164 10.8 148 184 
Ca (mg/L) 16 349 365 45.2 272 412 
Mg (mg/L) 16 98.3 101 7.70 84.0 107 
Na (mg/L) 16 245 238 21.3 224 296 
K (mg/L) 16 9.87 10.2 1.43 6.10 11.6 

Hardness as CaCO3 (mg/l) 16 1275 1320 141 1024 1469 
TDS Sum (mg/L) 16 2512 2507 80.4 2405 2691 

Alk as CaCO3 (mg/L) 16 131 133 6.25 121 140 
TOC (mg/L) 16 4.88 4.67 1.75 3.44 11.0 
TSS (mg/L) 16 17.6 11.0 17.0 2.00 55.2 
TVS (mg/L) 16 12.0 5.50 15.2 0.500 46.2 
TS (mg/L) 16 2667 2702 139 2420 2854 

SAR 16 3.0 3.0 0.27 2.7 3.5 
 
 
AR-2 Surface Samples 
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AR-2 Surface n Mean Median Standard Deviation Min Max 

Water Temp (ºF) 19 61.5 63.7 12.0 39.2 77.7 
Spec Cond (µS/cm) 17 2894 2918 187 2532 3198 

pH 19 8.16 8.14 0.166 7.92 8.43 
D.O. (mg/L) 19 9.39 9.20 1.88 6.47 13.3 
Turb (NTU) 18 2.48 2.10 1.88 0.00 5.60 
Secchi (m) 19 2.50 2.00 1.91 0.80 8.00 

NO2 + NO3 (mg/L) 19 0.062 0.050 0.085 0.01 0.388 
P Diss (mg/L) 19 0.011 0.005 0.0116 0.01 0.050 
P Total (mg/L) 19 0.025 0.018 0.030 0.01 0.136 

NH3 Diss (mg/L) 18 0.046 0.050 0.027 0.01 0.130 
TKN (mg/L) 19 0.460 0.440 0.105 #### 0.610 
SO4 (mg/L) 19 1378 1344 153 1144 1600 
Cl (mg/L) 19 155 158 17.9 117 181 
Ca (mg/L) 19 339 328 46.0 271 411 
Mg (mg/L) 19 94.2 93.9 9.38 77.3 108 
Na (mg/L) 19 232 241 28.3 167 271 
K (mg/L) 19 10.2 10.1 1.24 6.57 12.6 

Hardness as CaCO3 (mg/l) 19 1235 1213 148 1034 1436 
TDS Sum (mg/L) 19 2449 2522 232 1910 2720 

Alk as CaCO3 (mg/L) 19 125 124 7.60 111 136 
TOC (mg/L) 19 4.66 4.51 0.73 3.60 6.29 
TSS (mg/L) 19 6.47 6.00 3.02 3.00 12.2 
TVS (mg/L) 19 3.53 3.30 2.42 #### 8.70 
TS (mg/L) 19 2565 2596 199 2121 2820 

SAR 19 2.9 3.0 0.34 1.9 3.2 
 
 
AR-3 Bottom Samples 
 

AR-3 Bottom n Mean Median Standard Deviation Min Max 
Water Temp (ºF) 18 57.2 60.1 7.82 41.0 69.0 

Spec Cond (µS/cm) 16 2926 3013 152 2660 3123 
pH 18 7.95 7.96 0.256 7.41 8.33 

D.O. (mg/L) 17 6.10 6.12 3.23 1.00 12.4 
Turb (NTU) 17 36.9 7.80 107 3.50 450 

Sample Depth (m) 18 11.6 12.0 1.20 9.0 14 
NO2 + NO3 (mg/L) 18 0.057 0.050 0.052 0.010 0.250 

P Diss (mg/L) 18 0.022 0.005 0.024 0.005 0.074 
P Total (mg/L) 18 0.022 0.020 0.014 0.005 0.047 

NH3 Diss (mg/L) 17 0.107 0.050 0.096 0.010 0.318 
TKN (mg/L) 18 0.580 0.583 0.092 0.420 0.772 
SO4 (mg/L) 18 1426 1429 127 1241 1604 
Cl (mg/L) 18 160 162 9.06 143 172 
Ca (mg/L) 18 345 361 40.6 273 401 
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AR-3 Bottom n Mean Median Standard Deviation Min Max 
Mg (mg/L) 18 95.4 94.9 7.22 79.8 106 
Na (mg/L) 18 242 238 18.1 213 288 
K (mg/L) 18 10.3 10.1 1.62 6.41 14.6 

Hardness as CaCO3 (mg/l) 18 1255 1293 127 1023 1420 
TDS Sum (mg/L) 18 2514 2512 91.5 2340 2658 

Alk as CaCO3 (mg/L) 18 132 133 5.89 120 144 
TOC (mg/L) 18 4.93 4.75 2.16 3.44 13.0 
TSS (mg/L) 18 17.0 14.4 17.2 0.803 78.5 
TVS (mg/L) 18 10.9 5.00 15.5 0.250 65.9 
TS (mg/L) 18 2654 2668 139 2368 2924 

SAR 18 3.0 3.0 0.27 2.6 3.5 
 
 
AR-3 Surface Samples 
 

AR-3 Surface n Mean Median Standard Deviation Min Max 
Water Temp (ºF) 18 62.2 63.3 10.9 41.6 76.8 

Spec Cond (µS/cm) 16 2876 2882 213 2360 3192 
pH 18 8.13 8.09 0.161 7.89 8.38 

D.O. (mg/L) 17 9.32 9.00 1.76 6.90 13.6 
Turb (NTU) 17 3.19 2.10 2.63 0.00 8.70 
Secchi (m) 18 1.88 1.42 1.42 0.75 5.20 

NO2 + NO3 (mg/L) 18 0.049 0.050 0.039 0.005 0.180 
P Diss (mg/L) 18 0.011 0.005 0.011 0.005 0.044 
P Total (mg/L) 18 0.025 0.023 0.022 0.005 0.099 

NH3 Diss (mg/L) 17 0.048 0.050 0.031 0.005 0.150 
TKN (mg/L) 18 0.503 0.499 0.160 0.273 1.04 
SO4 (mg/L) 18 1374 1368 185 951 1617 
Cl (mg/L) 18 156 158 28.5 91.2 233 
Ca (mg/L) 18 333 316 54.6 223 414 
Mg (mg/L) 18 92.9 93.4 10.9 64.5 107 
Na (mg/L) 18 237 240 29.9 159 282 
K (mg/L) 18 10.0 10.1 1.46 6.41 12 

Hardness as CaCO3 (mg/l) 18 1214 1169 176 822 1450 
TDS Sum (mg/L) 18 2413 2510 282 1570 2662 

Alk as CaCO3 (mg/L) 18 124 124 9.07 103 138 
TOC (mg/L) 18 4.98 4.85 1.69 3.42 11.0 
TSS (mg/L) 18 7.92 5.41 5.95 2.00 25.1 
TVS (mg/L) 18 4.26 3.29 4.92 0.500 20.2 
TS (mg/L) 18 2522 2572 240 1778 2790 

SAR 18 3.0 3.0 0.29 2.4 3.4 
 
 
AR-4 Bottom Samples 
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AR-4 Bottom n Mean Median Standard Deviation Min Max 
Water Temp (ºF) 17 59.8 62.9 9.45 40.4 70.2 

Spec Cond (µS/cm) 15 2918 2923 164 2662 3206 
pH 17 8.09 8.11 0.173 7.83 8.40 

D.O. (mg/L) 17 7.79 8.52 2.83 2.30 12.2 
Turb (NTU) 16 20.5 7.65 37.6 3.00 154 

Sample Depth (m) 17 7.6 7.4 1.11 6.0 9.5 
NO2 + NO3 (mg/L) 17 0.072 0.050 0.092 0.005 0.380 

P Diss (mg/L) 17 0.011 0.005 0.008 0.005 0.027 
P Total (mg/L) 17 0.022 0.019 0.015 0.005 0.047 

NH3 Diss (mg/L) 16 0.055 0.050 0.039 0.005 0.170 
TKN (mg/L) 17 0.522 0.500 0.121 0.318 0.810 

SO4 (mg/L) 17 1393 1396 114 1219 1567 
Cl (mg/L) 17 156 156 14.1 127 179 
Ca (mg/L) 17 343 354 44.0 277 422 
Mg (mg/L) 17 95.1 95.3 9.59 77.0 117 
Na (mg/L) 17 238 235 21.7 201 279 
K (mg/L) 17 10.2 10.0 1.53 6.51 13.4 

Hardness as CaCO3 (mg/l) 17 1248 1280 143 1009 1466 
TDS Sum (mg/L) 17 2491 2486 155 2120 2811 

Alk as CaCO3 (mg/L) 17 127 130 7.70 110 137 
TOC (mg/L) 17 5.06 4.70 2.15 3.32 13.0 
TSS (mg/L) 17 8.56 8.00 4.19 3.00 20.0 
TVS (mg/L) 17 4.38 4.42 3.82 0.500 16.1 
TS (mg/L) 17 2591 2552 128 2369 2820 

SAR 17 2.9 2.9 0.25 2.6 3.3 
 
 
AR-4 Surface Samples 
 

AR-4 Surface n Mean Median Standard Deviation Min Max 
Water Temp (ºF) 18 61.8 63.3 10.9 40.6 76.3 

Spec Cond (µS/cm) 16 2877 2885 213 2368 3186 
pH 18 8.13 8.15 0.176 7.80 8.38 

D.O. (mg/L) 18 9.16 8.90 1.58 6.89 13.3 
Turb (NTU) 17 5.29 4.30 4.32 0.00 15.2 
Secchi (m) 18 1.35 0.865 1.10 0.30 4.50 

NO2 + NO3 (mg/L) 18 0.045 0.050 0.028 0.005 0.130 
P Diss (mg/L) 18 0.018 0.011 0.018 0.005 0.070 
P Total (mg/L) 18 0.020 0.014 0.016 0.005 0.050 

NH3 Diss (mg/L) 17 0.051 0.050 0.031 0.005 0.140 
TKN (mg/L) 18 0.511 0.500 0.124 0.334 0.820 
SO4 (mg/L) 18 1361 1356 184 877 1584 
Cl (mg/L) 18 152 159 23.8 84.1 180 
Ca (mg/L) 18 328 311 54.7 205 407 
Mg (mg/L) 18 91.7 90.0 12.9 57.8 107 
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AR-4 Surface n Mean Median Standard Deviation Min Max 
Na (mg/L) 18 232 233 33.3 149 298 
K (mg/L) 18 9.71 9.95 1.42 6.50 11.6 

Hardness as CaCO3 (mg/l) 18 1196 1138 185 750 1440 
TDS Sum (mg/L) 18 2410 2520 304 1460 2670 

Alk as CaCO3 (mg/L) 18 125 126 9.36 103 136 
TOC (mg/L) 18 4.97 4.95 1.68 3.29 11.0 
TSS (mg/L) 18 8.88 7.77 4.78 2.00 20.9 
TVS (mg/L) 18 4.62 4.52 3.93 0.500 16.1 
TS (mg/L) 18 2523 2554 271 1667 2908 

SAR 18 2.9 2.9 0.30 2.4 3.5 
 
 
AR-5 Bottom Samples 
 

AR-5 Bottom n Mean Median Standard Deviation Min Max 
Water Temp (ºF) 17 60.7 61.5 10.5 40.5 74.3 

Spec Cond (µS/cm) 15 2822 2854 352 1678 3156 
pH 17 8.09 8.09 0.270 7.51 8.68 

D.O. (mg/L) 16 7.34 7.21 3.07 1.20 12.6 
Turb (NTU) 16 156 13.1 391 1.30 1311 

Sample Depth (m) 17 4.2 4.0 0.73 3.0 5.0 
NO2 + NO3 (mg/L) 16 0.042 0.050 0.020 0.005 0.070 

P Diss (mg/L) 16 0.011 0.005 0.018 0.005 0.076 
P Total (mg/L) 16 0.053 0.027 0.100 0.005 0.424 

NH3 Diss (mg/L) 15 0.064 0.050 0.050 0.005 0.196 
TKN (mg/L) 16 0.566 0.484 0.235 0.400 1.34 
SO4 (mg/L) 16 1382 1313 139 1221 1587 
Cl (mg/L) 16 154 158 18.9 123 192 
Ca (mg/L) 16 338 318 46.2 279 402 
Mg (mg/L) 16 92.4 91.4 8.07 76.8 104 
Na (mg/L) 16 237 240 28.6 195 294 
K (mg/L) 16 10.2 10.0 2.83 4.50 18.0 

Hardness as CaCO3 (mg/l) 17 1228 1180 143 1012 1424 
TDS Sum (mg/L) 17 2433 2541 203 2040 2658 

Alk as CaCO3 (mg/L) 16 129 128 6.19 116 138 
TOC (mg/L) 16 4.98 4.90 1.78 3.13 11.0 
TSS (mg/L) 16 27.2 13.0 39.5 3.61 168.2 
TVS (mg/L) 16 16.5 6.41 35.5 0.500 146.2 
TS (mg/L) 16 2584 2558 235 2276 3256 

SAR 16 3.0 3.0 0.28 2.6 3.5 
 
 
AR-5 Surface Samples 
 

AR-5 Surface n Mean Median Standard Deviation Min Max 
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AR-5 Surface n Mean Median Standard Deviation Min Max 
Water Temp (ºF) 18 61.8 62.9 10.9 40.6 75.0 

Spec Cond (µS/cm) 16 2870 2887 247 2164 3182 
pH 18 8.14 8.14 0.308 7.56 8.66 

D.O. (mg/L) 17 8.81 8.65 1.97 5.00 13.1 
Turb (NTU) 17 9.85 7.60 7.56 0.90 28.8 
Secchi (m) 18 0.80 0.67 0.689 0.25 3.30 

NO2 + NO3 (mg/L) 18 0.044 0.050 0.029 0.005 0.130 
P Diss (mg/L) 18 0.020 0.008 0.023 0.005 0.081 
P Total (mg/L) 18 0.031 0.024 0.027 0.005 0.106 

NH3 Diss (mg/L) 17 0.052 0.050 0.030 0.010 0.140 
TKN (mg/L) 18 0.520 0.503 0.125 0.330 0.805 
SO4 (mg/L) 18 1341 1360 241 524 1614 
Cl (mg/L) 18 151 158 33.2 43.0 207 
Ca (mg/L) 18 331 319 72.9 115 421 
Mg (mg/L) 18 90.4 91.5 16.7 34.4 109 
Na (mg/L) 18 231 237 36.8 111 283 
K (mg/L) 18 9.92 10.0 1.46 6.58 13.0 

Hardness as CaCO3 (mg/l) 18 1198 1161 246 429 1467 
TDS Sum (mg/L) 18 2297 2503 519 908 2677 

Alk as CaCO3 (mg/L) 18 125 125 10.7 95.9 138 
TOC (mg/L) 18 4.86 4.80 1.51 3.25 10.0 
TSS (mg/L) 18 17.0 12.9 14.2 3.00 62.0 
TVS (mg/L) 18 8.15 7.43 6.74 0.500 28.3 
TS (mg/L) 18 2415 2572 516 1044 2816 

SAR 18 2.9 3.0 0.26 2.3 3.4 
 
 
Angostura Reservoir samples collected by SDDENR from 07/1989 to 07/2003. 
 

SWLA n Mean Median Standard Deviation Min Max 
Water Temp (ºF) 20 72.6 71.8 4.41 65.0 81.0 

Spec Cond (µS/cm) 6 2644 2756 323 1989 2844 
pH 19 8.19 8.26 0.338 7.51 8.75 

D.O. (mg/L) 19 7.81 7.77 1.01 5.00 9.64 
Secchi (m) 20 3.20 3.04 1.32 1.45 7.23 

NO2 + NO3 (mg/L) 19 0.072 0.050 0.048 0.017 0.190 
P Diss (mg/L) 6 0.012 0.010 0.006 0.005 0.024 
P Total (mg/L) 16 0.018 0.018 0.008 0.009 0.037 

NH3 Diss (mg/L) 19 0.036 0.027 0.031 0.003 0.105 
TKN (mg/L) 19 0.377 0.350 0.172 0.031 0.851 

Alk as CaCO3 (mg/L) 5 136 121 27.1 111 170 
TSS (mg/L) 19 5.28 4.00 3.88 2.00 16.0 
TS (mg/L) 5 2366 2358 206 2040 2583 
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APPENDIX D. ANGOSTURA RESERVOIR DISSOLVED OXYGEN AND TEMPERATURE 

PROFILES.
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APPENDIX E. LAKE HABITAT ASSESSMENT DATA. 
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Sampling  
Location 

Bank  
Stability 

Veg.  
Protection 

Riparian  
Width 

Total 
Score  

Secchi  
(m) 

Depth  
(m) Veg. Type 

Veg. 
Density 

1 2 2 8 12 0.35 0.35 Najas flexilis 1 
2 2 2 9 13 0.4 0.4 Najas flexilis 2 
3 5 3 4 12 0.2 0.2 Najas flexilis 2 
4 4 3 5 12 0.3 0.3 Najas flexilis 2 
5 3 6 8 17 0.2 0.2 Najas flexilis 1 
6 5 6 6 17 0.2 0.2   
7 6 3 3 12 0.5 1.3   
8 8 8 8 24 0.4 0.4   
9 too shallow, inaccessible      

10 too shallow, inaccessible      
11 too shallow, inaccessible      
12 too shallow, inaccessible      
13 5 8 8 21 0.5 1.6   
14 4 4 7 15 0.7 5.2   
15 3 5 6 14 0.8 1.9   
16 1 4 8 13 0.9 2.8   
17 1 2 6 9 0.9 4.7   
18 3 5 8 16 0.5 0.5   
19 1 4 7 12 0.4 0.4   
20 1 3 8 12 0.6 0.6   
21 too shallow, inaccessible      
22 too shallow, inaccessible      
23 too shallow, inaccessible      
24 too shallow, inaccessible      
25 too shallow, inaccessible      
26 7 7 6 20 0.6 0.6   
27 4 2 6 12 0.5 2.2   
28 1 0 0 1 0.4 0.4   
29 0 0 0 0 1 5.2   
30 6 5 8 19 0.5 0.5   
31 2 6 6 14 0.7 0.7   
32 3 5 8 16 0.9 0.9   
33 2 2 7 11 0.4 1   
34 4 1 3 8 1 2.2   
35 4 5 5 14 1 1.2   
36 0 0 1 1 1 1.1   
37 7 8 10 25 1.1 5.2   

38 7 5 7 19 0.4 0.4 
Potamogeton 

crispus 1 
39 2 2 0 4 0.2 0.2   
40 2 3 5 10 1.1 1.4   
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APPENDIX F. ANGOSTURA ALGAE DATA 
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Flagellated Algae                                   
Ceratium hirundinella 0 0 0 1 1 0 1 19 0 0 0 0 0 1 0 22 0 
Chlamydomonas Sp. 0 0 0 0 0 0 0 0 0 0 0 15 30 0 0 0 0 
Chromulina sp. 0 0 0 0 0 0 0 0 0 0 0 70 0 0 0 0 0 
Chrysochromulina parva 130 40 450 8660 8660 20 1410 490 580 3080 2940 1,530 1,410 280 220 4,680 7630 
Chrysococcus rufescens 0 0 0 170 170 0 0 0 40 0 20 510 380 0 0 0 0 
Cryptomonas sp. 0 1 11 1 1 28 12 181 64 150 240 80 50 18 5 85 50 
Cyathomonas truncata 0 0 0 0 0 0 0 0 0 0 0 430 200 0 0 0 0 
Euglena acus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Euglena polymorpha 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 
Euglena sp. 0 0 0 0 0 0 0 1 3 0 2 0 0 0 0 0 7 
Glenodinium sp. 0 0 0 1 1 0 0 5 0 1 3 20 8 0 0 14 6 
Kephyrion sp. 0 0 10 380 380 0 320 80 0 0 0 35 50 0 0 30 40 
Lepocinclis sp. 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 
Nephroselmis olivacea 0 0 0 0 0 0 0 0 0 0 0 30 0 0 0 0 0 
Peridinium sp. 1 0 0 0 0 0 0 12 0 0 0 0 1 0 0 0 0 
Phacus pleuronectes 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Phacus 
pseudonordstedtii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Phacus sp. 1 0 0 0 0 0 0 0 2 0 0 0 2 0 0 0 1 
Platymonas elliptica 24900 28700 5 400 400 0 77 4850 210 35 10 5 19 0 0 142 180 
Rhodomonas minuta 650 530 460 430 430 690 1610 1300 130 590 570 3,530 2,170 470 0 230 270 
Rhodomonas sp. 0 0 0 0 0 0 0 0 420 0 0 0 0 0 400 0 0 
Scourfieldia complanata 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 
Trachelomonas hispida 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Trachelomonas sp. 10 30 0 1 1 0 0 19 39 5 17 10 10 0 0 1 37 
Unidentified flagellates 100 30 300 1420 1420 40 490 200 630 400 500 1,950 1,250 30 70 250 260 
Total Flaggelated Algae 25,662 29,291 790 2,803 2,803 758 2,509 6,651 1,539 1,181 1,362 6,620 4,140 518 475 752 861 
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Blue Green Algae                                   
Anabaena sp. 43 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 888 
Anabaena 
subcylindrica 0 0 0 0 0 0 0 0 78 0 0 0 0 0 0 0 0 
Anabaenopsis sp. 0 0 11 0 0 0 0 0 30 4 14 0 0 0 0 0 210 
Aphanizomenon sp. 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 
Aphanocapsa sp. 161990 129010 6690 2470 2470 190 15850 56100 83192 460 10690 358,577 310,690 0 0 4,460 135360 
Dactylococcopsis 
sp. 0 2 0 444 444 0 0 0 0 180 250 1,540 2,610 0 0 0 230 
Gomphosphaeria 
sp. 0 0 0 0 0 0 0 0 0 0 0 0 1,290 0 0 0 0 
Lyngbya contorta 0 44 0 0 0 0 0 0 364 0 0 0 0 0 0 0 540 
Lyngbya limnetica 846 392 0 0 0 0 0 0 3780 1620 2160 21,600 3,375 0 0 0 7020 
Marssoniella 
elegans 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 0 0 
Merismopedia sp. 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Merismopedia 
tenuissima 0 0 0 0 0 0 6760 2160 0 60 160 640 0 0 0 1,580 0 
Microcystis sp. 0 0 0 0 0 0 0 0 0 260 210 1,030 0 0 230 0 0 
Oscillatoria agardhii 1863 1126 2009 123 123 0 0 0 3105 1731 2308 40 442 0 0 128 0 
Oscillatoria sp. 0 0 0 0 0 0 0 40 0 0 0 0 0 0 0 0 0 
Phormidium sp. 837 830 429 28 28 0 35 660 1997 2630 2630 660 1,870 0 0 0 3990 
Romeria sp. 0 0 0 0 0 0 0 0 0 0 0 10,800 28,869 0 0 4 0 
Spirulina sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Total Blue Green 
Algae 165,591 131,404 9,139 3,065 3,065 190 22,645 59,190 92,546 6,945 18,422 394,887 349,146 0 230 6,173 148238 
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Diatoms                                   
Amphora ovalis 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
Chaetoceros elmorei 10 2 0 0 0 0 0 110 1180 65 110 5 30 0 0 30 420 
Cyclotella atomus 10 0 10 0 0 0 0 0 1030 246 423 0 0 0 60 50 210 
Cyclotella meneghiniana 10 20 20 30 30 1 1 3 540 35 40 15 180 0 0 10 10 

Cyclotella 
pseudostelligera 0 0 0 0 0 0 0 0 1210 289 497 0 0 0 0 0 0 
Diatoma elongatum 0 0 0 4 4 1 0 0 0 0 0 0 0 0 0 0 0 
Fragilaria capucina 0 0 0 0 0 0 22 42 0 0 0 0 0 0 0 0 0 
Fragilaria construens 0 0 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nitzschia acicularis 0 0 0 10 10 0 0 0 39 0 0 0 20 0 0 0 0 
Nitzschia reversa 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 
Nitzschia sp. 0 30 0 150 150 1 1 100 94 30 40 80 170 0 0 20 480 
Rhizosolenia erienis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 150 0 
Rhopalodia gibba 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Skeletonema potamos 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 0 
Stephanodiscus astraea 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 
Stephanodiscus minutus 30 30 70 30 30 0 0 0 10 0 0 40 220 0 0 0 0 
Synedra acus 2 2 0 0 0 0 0 0 17 117 126 20 7 0 0 0 18 

Synedra acus 
delicatissima 0 0 0 4 4 0 0 0 0 0 0 0 0 0 0 0 0 
Synedra radians 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unidentified pennate 
diatoms 0 0 2 1 1 0 0 0 0 0 0 0 0 0 20 0 0 
Total Diatoms 63 85 130 230 230 3 24 257 4,330 782 1,236 160 627 0 80 260 1139 
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Non-motile Green Algae                                   
Actinastrum hantzschii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 102 
Actinastrum sp. 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 
Ankistrodesmus sp. 220 27 250 146 146 1 0 30 950 1240 1160 10 590 0 0 10 280 
Characium sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0 
Chlorella sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 300 0 
Closteriopsis sp. 0 0 0 0 0 0 0 2 12 0 0 0 0 0 0 0 3 
Closterium aciculare 6 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coelastrum sp. 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 
Crucigenia fenestrata 0 0 0 0 0 0 0 0 4 16 0 0 0 0 0 0 0 
Crucigenia tetrapedia 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 4 
Dictyosphaerium pulchellum 4 0 30 51 51 0 0 0 1070 16 0 80 550 0 0 0 117 
Kirchneriella sp. 10 40 30 100 100 0 0 20 0 50 0 10 0 0 0 0 0 
Lagerheimia quadriseta 30 10 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lagerheimia sp. 0 0 0 0 0 0 0 0 160 60 90 5 30 0 0 0 200 
Oocystis Borgei 0 0 0 0 0 7 0 0 0 0 0 0 0 0 4 0 0 
Oocystis parva 0 0 0 0 0 0 32 0 0 0 0 0 0 0 0 0 0 
Oocystis pusilla 0 0 0 0 0 0 34 0 0 0 0 0 0 0 0 0 0 
Oocystis solitaria 0 0 0 0 0 0 121 0 0 0 0 0 0 0 0 21 0 
Oocystis sp. 40 120 7 0 0 17 68 100 220 245 170 20 270 4 40 22 300 
Scenedesmus bijuga 0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 
Scenedesmus dimorphus 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 30 
Scenedesmus quadricauda 0 0 4 0 0 0 0 0 0 90 0 0 12 0 0 0 28 
Scenedesmus sp. 4 0 0 0 0 0 0 0 33   29 0 0 0 0 5 6 
Schroederia judayi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 190 0 0 
Selenastrum minutum 10 0 40 0 0 0 0 0 0 0 0 15 0 0 0 0 0 
Sphaerocystis schroeteri 0 0 9 0 0 46 13 0 0 0 0 0 0 0 2 0 0 
Tetraedron minimum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
Tetrastrum 
staurogeniaeforme 0 0 0 0 0 0 0 0 0 0 0 0 40 0 0 0 0 
Treubaria sp. 0 0 0 0 0 0 0 0 30 5 10 15 20 0 0 0 0 
Total NM Green Algae 324 200 372 297 297 71 268 152 2,511 1,730 1,459 155 1,516 4 296 358 1080 
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Unidentified Algae                                   

Unidentified green algae 0 0 0 0 0 0 0 0 0 0 0 0 1,380 0 0 0 0 
Unidentified algae 240 120 470 360 360 60 250 650 890 600 420 800 420 70 695 330 359 
Total Unidentified Algae 240 120 470 360 360 60 250 650 890 600 420 800 1,800 70 695 330 359 
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Total Algae 191,880 161,100 10,901 6,755 6,755 1,082 25,696 66,900 101,816 11,238 22,899 402,622 357,229 592 1,776 7,873 151,677 
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Flagellated Algae                             
Ceratium hirundinella 0 0 0 0 0 0 4 0 0 0 0 2 12 0 
Chlamydomonas sp. 0 0 10 10   0 50 0 30 30 0 0 0 0 
Chromulina sp. 0 0 30 0 0 0 0 0 90 0 0 0 0 0 
Chrysochromulina parva 230 1,010 11480 480 0 930 740 2400 1,040 860 230 220 2,610 3,690 
Chrysococcus rufescens 0 0 240 50 0 0 0 150 500 390 0   0 0 
Cryptomonas sp. 0 2 1 0 5 2 210 360 60 10 27 33 80 64 
Cyathomonas truncata 0 0 0 0 0 0 0 0 390 100 0 0 0 0 
Euglena acus 0 0 0 0 0 0 1 0 0 1 0 0 0 1 
Euglena ehrenbergii 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Euglena oxyuris 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Euglena polymorpha 0 0 0 0 0 0 0 0 0 0 0 0 0 17 
Euglena sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 11 
Euglena tripteris 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Glenodinium sp. 0 0 0 0 0 0 1 1 0 70 0 0 29 6 
Kephyrion sp. 10 80 520 0 0 255 20 20 40 0 0 0 50 20 
Lepocinclis sp. 1 0 0 0 0 0 0 0 0 0 0 0 1 0 
Mesostigma viridis 0 0 0 0 0 0 0 0 10 0 0 0 0 0 
Nephroselmis olivacea 0 0 0 0 0 0 0 0 0 10 0 0 0 0 
Ochromonas sp. 0 0 30 0 0 0 0 0 0 0 0 0 0 0 
Peridinium sp. 0 0 0 0 0 1 2 0 0 0 0 0 0 0 
Phacus pleuronectes 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phacus pseudonordstedtii 1 0 0 0 0 0 1 0 0 0 0 0 0 3 
Phacus sp. 0 0 0 0 0 0 0 5 0 4 0 0 0 2 
Platymonas elliptica 1803 16 560 130 0 33 2850 8 5 10 0 0 145 320 
Rhodomonas minuta 440 1450 220 380 150 745 2250 500 2,170 2,980 440 580 260 240 
Rhodomonas sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 11 
Scourfieldia complanata 0 0 0 0 0 0 0 0 390 0 0 0 0 0 
Spermatozoopsis exultans 0 0 0 0 0 0 0 0 0 0 0 10 0 0 
Trachelomonas sp. 4 4 1 0 0 5 2 10 0 1 0 0 5 78 
Unidentified flagellates 100 600 1480 190 20 470 590 660 1,360 840 20 110 175 250 
Total Flagellated Algae 2,590 3,162 14,572 1,240 175 2,441 6,723 4,114 6,085 5,306 717 955 3,367 4,714 
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Blue Green Algae                             
Anabaena sp. 15 0 0 0 0 0 41 14 0 0 0 0 0 1,010 
Anabaenopsis sp. 11 0 0 0 0 0 0 4 0 0 0 0 0 373 
Aphanocapsa sp. 86136 7280 3250 13910 150 14670 43580 12200 397,377 220,837 50 190 6,080 98,662 
Dactylococcopsis sp. 0 0 123 150 0   0 320 1,440 1,510 0 0 20 160 
Gomphosphaeria sp. 35 0 0 0 0 0 0 0 0 630 0 0 0 0 
Lyngbya contorta 45 0 0 0 0 0 0 0 0 0 0 0 0 1,890 
Lyngbya limnetica 702 18 0 0 0 0 0 1620 17,415 2,970 0 0 0 8,505 
Marssoniella elegans 0 0 0 0 0 0 1270 0 0 0 0 0 0 0 
Merismopedia sp. 0 0 0 0 0 0 0 0 0 0 0 0 42 0 
Merismopedia tenuissima 240 0 0 0 0 8610 6650 0 200 0 0 0 885 0 
Microcystis sp. 0 0 0 0 0 0 0 0 580 0 0 200 0 0 
Oscillatoria agardhii 2337 2976 123 0 0 0 0 1616 0 340 0 0 0 0 
Oscillatoria sp. 0 0 0 0 0 46 26 0 0 0 0 0 0 60 
Phormidium sp. 811 170 0 0 0 0 308 2744 1,410 1,995 25 0 30 3,830 
Romeria sp. 0 0 0 0 0 0 0 0 7,460 13,245 0 0 11 0 
Total Blue Green Algae 90,332 10,444 3,496 14,060 150 23,326 51,875 18,518 425,882 241,527 75 390 7,068 114,490 
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Diatoms                             
Amphiprora sp. 0 0 0 0 0 1 2 0 0 0 0 0 0 0 
Asterionella formosa 0 0 0 0 10 0 0 0 0 0 0 0 0 0 
Chaetoceros elmorei 20 0 0 0 0 0 50 150 10 50 0 0 35 280 
Cocconeis sp. 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Cyclotella atomus 0 0 0 10 0 5 0 658 20 0 0 160 15 450 
Cyclotella meneghiniana 1 3 4 0 1 1 1 10 20 70 0 5 11 12 
Cyclotella pseudostelligera 0 0 0 0 0 0 0 772 0 0 0 0 0 0 
Cymbella minuta 10 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diatoma elongatum 0 0 8 0 0 0 0 0 0 0 0 0 0 0 
Diploneis sp. 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Fragilaria construens 0 11 0 0 0 0 0 0 0 23 0 0 0 0 
Mastogloia smithii 15 1 0 0 0 0 0 0 0 0 0 0 0 0 
Navicula cryptocephala 0 0 10 0 0 0 0 0 0 0 0 0 0 0 
Nitzschia acicularis 0 0 20 0 0 0 0 0 0 10 0 0 0 0 
Nitzschia reversa 0 0 0 0 0 0 4 0 0 0 0 0 0 1 
Nitzschia sp. 21 0 220 10 0 1 100 100 150 150 11 3 5 320 
Rhizosolenia eriensis 0 0 0 0 0 0 0 0 0 0 0 0 315 0 
Skeletonema potamos 0 0 0 0 0 0 0 0 0 0 0 50 0 20 
Stephanodiscus astraea 0 0 0 0 0 0 0 0 0 20 0 4 0 0 
Stephanodiscus hantzschii 0 0 20 0 0 0 0 0 0 0 0 0 0 0 
Stephanodiscus minutus 11 100 70 10 0 1 0 0 70 80 0 200 0 0 
Synedra acus 3 1 0 0 0 0 6 104 10 8 0 0 4 31 
Synedra acus delicatissima   0 6 0 0 0 0 0 0 0 0 0 0 0 
Unidentified pennate diatoms 10 0 20 0 0 0 0 0 0 0 0 3 0 0 
Total Diatoms 91 116 378 30 11 10 163 1,794 280 413 11 425 385 1,114 
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Non-Motile Green Algae                             
Actinastrum hantzschii 0 0 0 0 0 0 0 0 0 0 0 0 0 98 
Ankistrodesmus sp. 230 390 130 40 0 0 4 1200 0 350 0 50 15 350 
Characium sp. 0 0 0 0 0 0 0 0 0 0 0 70 0 0 
Chlorella sp. 0 0 0 0 0 0 0 0 0 0 0 0 400 0 
Closteriopsis sp. 0 0 0 0 0 0 1 1 0 0 0 0 0 3 
Closterium aciculare 2 1 0 0 0 0 0 0 0 0 0 0 0 0 
Crucigenia fenestrata 0 0 0 0 0 0 0 4 0 0 0 0 0 0 
Crucigenia quadrata 0 0 0 0 0 4 0 0 0 0 0 0 0 0 
Crucigenia tetrapedia 4 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dictyosphaerium pulchellum 0 0 16 0 0 0 320 12 130 27 0 0 15 220 
Elakatothrix sp. 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
Franceia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 20 
Kirchneriella sp. 10 80 40 20 0 15 0 30 0 30 0 20 10 0 
Lagerheimia quadriseta 40 10 0 0 0 0 0 160 0 0 0 0 0 0 
Lagerheimia sp. 0 0 0 0 0 0 0 0 10 20 0 0 0 310 
Microcystis sp. 0 0 0 0 18 0 0 520 0 0 0 0 0 0 
Oocystis Borgei 0 0 0 0 4 4 0 0 0 0 0 0 0 0 
Oocystis parva 0 0 0 0 0 63 60 0 0 0 0 0 0 0 
Oocystis pusilla 0 0 0 0 0 225 0 0 0 0 0 0 0 0 
Oocystis solitaria 0 0 0 0 0 131 0 0 0 0 0 0 35 0 
Oocystis sp. 10 4 4 50 15 20 10 340 110 160 4 160 26 430 
Pediastrum duplex 0 0 0 0 0 0 0 0 0 0 0 0 0 13 
Scenedesmus bijuga 0 3 0 0 0 0 0 8 0 0 0 0 0 0 
Scenedesmus dimorphus 0 0 0 0 0 0 0 0 0 0 0 0 0 24 
Scenedesmus quadricauda 4 0 0 0 0 10 0 18 90 4 4 0 0 18 
Scenedesmus sp. 0 4 0 0 0 0 3 8 0 4 0 0 4 14 
Schroederia judayi 0 0 0 0 0 0 0 0 0 0 0 210 0 0 
Selenastrum minutum 0 0 0 20 0 0 0 0 10 20 0 0 0 0 
Sphaerocystis schroeteri 0 0 0 0 0 400 0 0 0 0 0 0 10 0 
Treubaria sp. 0 0 0 0 0 0 0 30 0 0 0 0 0 0 
Total  NM Green Algae 300 492 190 130 37 872 398 2,331 350 615 8 510 517 1,500 
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Unidentified algae                             
Unidentified algae 160 1110 440 120 20 170 310 550 690 330 40 340 200 483 
Unidentified green algae 0 0 0 0 0 0 0 0 0 510 0 0 0 0 
Total Unidentified algae 160 1,110 440 120 20 170 310 550 690 840 40 340 200 483 
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Total Algae 93,473 15,324 19,076 15,580 393 26,819 59,469 27,307 433,287 248,701 851 2,620 11,537 122,301 
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Flagellated Algae                               
Bicoeca euplanktonica 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 
Ceratium hirundinella 0 0 0 0 2 1 4 7 0 0 0 0 2 5 0 
Chlamydomonas sp. 0 30 10 10 0 100 0 0 60 0 0 0 0 0 0 
Chromulina sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chrysochromulina parva 90 940 11360 560 80 630 340 220 500 540 960 520 140 3,060 2,170 
Chrysococcus rufescens 0 0 210 40 0 0 0 0 10 290 480 0 0 0 0 
Cryptomonas sp. 0 4 1 0 18 9 150 130 460 30 30 44 22 104 206 
Cyathomonas truncata   0 0 0 0 0 0 0 0 330 90 0 0 0 0 
Euglena acus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Euglena ehrenbergii 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
Euglena oxyuris 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Euglena polymorpha 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 
Euglena sp. 0 0 0 0 0 0 8 40 2 0 0 0 1 2 11 
Euglena tripteris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Glenodinium sp. 0 0 0 0 0 0 0 0 0 10 6 0 0 3 6 
Kephyrion sp. 10 30 270 20 0 10 20 0 0 0 20 10 0 30 10 
Lepocinclis sp. 0 0 0 0 0 0 2 0 3 0 0 0 0 0 1 
Mesostigma viridis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nephroselmis olivacea 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Nephroselmis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
Ochromonas sp. 0 0 30 0 0 0 0 0 0 0 0 0 0 0 0 
Peridinium sp. 1 0 0 0 0 0 4 5 0 0 0 0 1 0 0 
Phacus helikoides 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Phacus pleuronectes 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 
Phacus pseudonordstedtii 0 0 0 0 0 0 1 1 21 0 0 0 0 0 4 
Phacus sp. 0 0 0 0 0 0 0 0 4 0 2 0 0 0 0 
Platymonas elliptica 3085 15 220 30 0 126 1830 2060 254 0 9 0 0 58 276 
Rhodomonas minuta 430 1330 220 450 750 2030 700 560 1670 1,360 2,380 490 1,940 530 420 
Rhodomonas sp. 0 0 0 0 0 0 0 0 1980 0 0 0 0 0 0 

Scourfieldia complanata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Spermatozoopsis exultans 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 
Strombomonas sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 
Trachelomonas sp. 60 7 2 0 0 1 7 4 46 0 2 0 0 3 101 
Unidentified flagellates 170 410 1560 120 40 180 180 210 430 650 760 0 60 260 360 
Total Flagellated Algae 3,846 2,766 13,883 1,230 890 3,087 3,250 3,239 5,455 3,210 4,741 1,064 2,176 4,055 3,601 
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Blue Green Algae                               
Anabaena sp. 10 0 0 0 0 0 42 46 0 0 0 0 0 0 833 
Anabaena subcylindrica 0 0 0 0 0 0 0 0 209 0 0 0 0 0 0 
Anabaenopsis sp. 35 11 0 0 0 0 0 0 0 0 0 0 0 0 404 
Aphanocapsa sp. 74496 5580 4000 8450 710 18770 173824 152872 19238 219,867 261,900 240 0 8,180 44,202 
Dactylococcopsis sp. 0 10 800 170 0 0 20 0 0 920 1,770 0 50 0 90 
Gomphosphaeria sp. 35 0 220 0 0 0 0 0 0 180 0 0 0 0 0 
Lyngbya contorta 143 0 0 0 0 0 0 0 0 0 0 0 0 0 810 
Lyngbya limnetica 5940 72 0 0 0 0 900 900 1020 11,475 4,455 0 0 0 4,995 
Marssoniella elegans 0 0 0 0 0 90 0 0 0 0 0 0 0 0 0 
Merismopedia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Merismopedia 
tenuissima 160 0 0 0 130 9840 3260 2170 32 0 0 0 0 1,260 0 
Microcystis sp. 0 0 0 0 0 0 4 0 0 200 0 260 110 150 0 
Oscillatoria agardhii 2072 5332 226 0 0 0 0 0 4968 0 442 0 0 0 0 
Oscillatoria sp. 0 0 0 0 0 0 18 0 0 0 0 0 0 0 60 
Phormidium sp. 1640 328 0 0 0 0 450 410 0 1,108 2,618 0 23 45 4,347 
Romeria sp. 0 0 0 0 0 0 0 0 0 4,300 17,897 0 0 36 0 
Total Blue Green Algae 84,531 11,333 5,246 8,620 840 28,700 178,518 156,398 25,467 238,050 289,082 500 183 9,671 55,741 
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Diatoms                               
Amphiprora sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Asterionella formosa 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 
Chaetoceros elmorei 1 0 0 0 0 1 90 70 900 10 60 0 0 170 280 
Cocconeis sp. 0 1 0 0 0 0 0 0 0 10 0 0 0 0 0 
Cyclotella atomus 0 0 0 0 80 0 20 10 1155 0 50 80 540 50 430 
Cyclotella meneghiniana 10 0 20 0 0 0 1 0 250 0 240 1 110 90 20 
Cyclotella pseudostelligera 0 0 0 0 0 0 0 0 1355 0 0 0 0 0 0 
Diatoma elongatum 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 
Diploneis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Entomoneis paludosa 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Fragilaria capucina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
Fragilaria construens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gyrosigma sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Navicula capitata 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 
Navicula cryptocephala 0 0 10 0 0 0 0 0 0 0 0 1 0 0 0 
Navicula sp. 0 0 0 0 0 0 2 0 0 0 0 0 230 0 0 
Nitzschia acicularis 0 0 20 0 0 0 0 0 60 0 20 0 0 0 0 
Nitzschia reversa 1 0 0 0 0 0 12 7 30 0 0 0 0 0 11 
Nitzschia sp. 20 0 310 10 1 1 370 260 170 90 160 0 0 12 240 
Rhizosolenia eriensis 0 0 0 0 0 0 20 0 0 0 0 0 0 440 0 
Skeletonema potamos 0 0 0 0 0 0 0 0 390 0 0 20 80 0 50 
Stephanodiscus astraea 0 0 0 0 0 0 0 0 90 0 3 0 0 0 0 
Stephanodiscus hantzschii 0 0 20 0 0 0 0 0 0 10 0 0 0 0 0 
Stephanodiscus minutus 40 40 80 50 1 0 2 0 0 70 230 10 0 0 0 
Surirella sp. 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Synedra acus 2 4 15 0 0 0 18 8 19 20 6 0 0 7 28 
Synedra sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Unidentified pennate diatoms 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total Diatoms 76 45 479 60 95 2 535 355 4,419 220 772 112 960 771 1,069 
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Non-Motile Green Algae                               
Actinastrum hantzschii 0 0 0 0 0 0 0 0 0 0 0 0 4 0 147 
Ankistrodesmus sp. 360 150 150 120 2 0 60 30 850 110 220 10 70 26 300 
Characium sp. 0 0 0 0 0 0 0 10 0 0 0 0 10 0 0 
Chlorella sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 760 0 
Closteriopsis sp. 0 0 0 0 0 0 0 0 6 0 0 0 0 0 7 
Closterium aciculare 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crucigenia fenestrata 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 
Crucigenia quadrata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crucigenia sp. 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 
Crucigenia tetrapedia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dictyosphaerium pulchellum 0 49 99 0 0 0 60 50 300 0 0 0 0 36 253 
Elakatothrix sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 
Franceia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Kirchneriella sp. 0 0 20 10 70 0 0 0 0 30 60 30 60 80 20 
Lagerheimia quadriseta 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lagerheimia sp. 0 0 0 0 0 0 0 0 340 20 30 0 0 0 320 
Microcystis sp. 0 0 0 0 110 0 0 0 320 0 0 0 0 0 0 
Oocystis Borgei 0 0 0 0 8 3 0 0 0 0 0 8 0 0 0 
Oocystis parva 0 0 0 0 0 54 0 2 0 0 0 0 0 0 0 
Oocystis pusilla 0 0 0 0 0 110 0 0 0 0 0 0 0 0 0 
Oocystis solitaria 0 0 0 0 0 130 5 5 0 0 0 0 0 16 0 
Oocystis sp. 120 4 4 40 54 46 20 70 210 70 150 9 90 23 370 
Pediastrum duplex 0 0 0 0 0 0 0 0 0 0 0 0 30 0 0 
Scenedesmus bijuga 0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 
Scenedesmus dimorphus 4 0 0 0 0 0 0 0 4 0 0 0 0 4 32 
Scenedesmus quadricauda 6 0 0 0 0 0 4 0 31 0 4 0 8 0 45 
Scenedesmus sp. 0 0 0 0 0 0 0 0 0 20 0 0 0 9 0 
Schroederia judayi 0 0 0 0 0 0 0 0 0 0 0 0 180 0 0 
Selenastrum minutum 70 20 0 40 0 0 0 0 0 40 20 0 0 0 0 
Sphaerocystis schroeteri 0 0 0 0 8 16 0 0 450 0 0 0 0 0 0 
Treubaria sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total NM Green Algae 576 223 273 210 252 359 157 167 2,511 290 488 57 452 965 1,514 
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Unidentified algae                               

Unidentified algae 240 330 520 110 90 160 390 0 460 380 380 140 810 800 780 

Unidentified green algae 0 0 0 0 0 0 0 0 0 0 980 0 280 0 0 

Total Unidentified Algae 240 330 520 110 90 160 390 0 460 380 1,360 140 1,090 800 780 
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Total Algae 89,269 14,697 20,401 10,230 2,167 32,308 182,850 160,159 38,312 242,150 296,443 1,873 4,861 16,262 62,705 
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Flagellated Algae                                 
Bicoeca euplanktonica 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 
Ceratium hirundinella 0 0 0 0 1 0 3 0 0 0 0 0 0 10 8 0 
Chlamydomonas sp. 0 0 20 10 0 35 0 10 0 0 40 0 0 10 0 0 
Chromulina sp. 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chrysochromulina parva 260 1,130 8,160 310 50 220 240 450 680 640 680 370 50 4,850 6,590 1,280 
Chrysococcus rufescens 0 0 220 30 0 0 0 10 470 430 360 0 0 0 0 0 
Chrysococcus sp. 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 
Cryptomonas sp. 0 0 0 0 11 6 19 253 70 70 50 41 3 132 175 63 
Cyathomonas truncata 0 0 0 0 0 0 0 0 510 410 0 0 0 0 0 0 
Euglena acus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Euglena ehrenbergii 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
Euglena gracilis 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 
Euglena oxyuris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Euglena polymorpha 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 
Euglena sp. 2 1 0 0 0 1 34 5 0 10 2 0 0 0 0 11 
Euglena tripteris 0 0 0 0 0 0 3 2 0 0 0 0 0 0 0 0 
Glenodinium gymnodinium 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Glenodinium sp. 0 0 0 0 0 0 2 0 30 20 360 0 0 10 19 3 
Kephyrion sp. 0 60 250 40 0 65 10 0 40 10 0 0 0 20 80 20 
Lepocinclis sp. 1 0 0 0 0 0 6 0 0 0 1 0 0 1 1 0 
Mesostigma viridis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nephroselmis olivacea 0 0 0 0 0 0 0 0 30 20 10 0 0 0 0 0 
Nephroselmis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ochromonas sp. 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 
Peridinium sp. 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Phacus helikoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phacus nordstedtii 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 
Phacus pleuronectes 0 0 0 0 0 0 10 5 0 0 0 0 0 0 0 0 
Phacus pseudonordstedtii 0 0 0 0 0 0 9 24 10 0 0 0 0 0 0 4 
Phacus sp. 1 0 0 0 0 0 8 12   0 0 0 0 0 0 1 
Platymonas elliptica 6,020 53 240 20   26 7,440 278 40 0 4 0 0 25 25 246 
Rhodomonas minuta 850 1,320 360 580 850 1,710 190 1,160 3,050 2,390 0 840 690 610 730 110 
Rhodomonas sp. 0 0 0 0 0 0 0 920 0 0 3,250 0 0 0 0 20 
Scourfieldia complanata 0 0 0 0 0 0 0 0 0 0 40 0 0 0 0 0 
Spermatozoopsis exultans 0 0 0 0 0 0 0 0 0 10 10 0 0 60 40 0 
Strombomonas sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
Trachelomonas sp. 30 7 3     2 10 51 0 0 0 0 2 15 10 98 
Unidentified flagellates 250 430 690 120 60 145 130 1,510 2,010 1,370 1,250 70 50 290 360 280 
Total Flagellated Algae 7,414 3,001 9,973 1,110 972 2,210 8,127 5,626 6,940 5,380 9,312 1,321 795 6,033 8,038 2,175 
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Blue Green Algae                                 
Anabaena sp. 11 0 0 0 0 0 152 0 0 0 0 0 0 0 0 1,000 
Anabaena subcylindrica 0 0 0 0 0 0 0 101 0 0 0 0 0 0 0 0 
Anabaenopsis sp. 16 7 0 0 0 0 12 115 0 0 0 0 0 0 0 467 
Aphanizomenon sp 0 0 0 0 0 0 0 0 0 0 0 0 0 80 40 0 
Aphanocapsa sp. 168004 8,620 4,040 4,960 360 9,325 41,904 27,382 349,200 258,343 253,817 250 0 4,710 6,130 13,515 
Dactylococcopsis sp. 0 20 410 80     30 0 1,340 1,360 1,910 0 40 70 60 230 
Gomphosphaeria sp. 0 0 0 0 0 0 0 0 350 0 0 0 0 0 0 0 
Lyngbya contorta 260 0 0 0 0 0 0 904 0 0 0 0 0 0 0 1,755 
Lyngbya limnetica 3960 162 0 0 0 0 1,080 1,068 16,200 15,930 5,400 0 0 0 0 6,885 
Marssoniella elegans 0 0 0 0 0 0 3,880 0 0 0 0 0 0 0 0 0 
Merismopedia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Merismopedia tenuissima 0 0 0 0 0 5,905 280 0 0 0 0 0 0 2,200 1,290 0 
Microcystis sp. 0 0 0 0 280 0 0 0 930 990 0 230 180 0 0 0 
Oscillatoria agardhii 2,394 2,232 266 0 0 0 0 3,864 0 140 408 0 0 90 0 30 
Oscillatoria sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phormidium sp. 1128 296 10 0 0 0 5,290 2,391 1,108 906 2,244 4 15 21 151 3,137 
Romeria sp. 0 0 0 0 0 0 0 0 7,900 7,750 32,579 0 0 7 17 0 
Total Blue Green Algae 175,773 11,337 4,726 5,040 640 15,230 52,628 35,825 377,028 285,419 296,358 484 235 7,178 7,688 27,019 
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Diatoms                                 
Amphiprora sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Asterionella formosa 0 0 0 0 35 0 0 0 0 0 0 0 0 0 0 0 
Chaetoceros elmorei 1 0 0 0 0 25 120 1,250 30 30 70 4 0 300 390 360 
Cocconeis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyclotella atomus 20 0 0 0 60 30 0 1,348 0 0 30 90 140 203 189 2,170 
Cyclotella meneghiniana 0 1 2 0 4 1 0 260 37 22 204 1 70 100 90 180 
Cyclotella pseudostelligera 0 0 0 0 0 0 0 1,582 0 0 0 0 0 29 27 1 
Cymbella minuta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diatoma elongatum 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diatoma vugaris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diploneis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Entomoneis paludosa 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 
Entomoneis sp. 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 
Fragilaria capucina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fragilaria construens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gyrosigma sp. 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 
Mastogloia smithii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Navicula capitata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Navicula cryptocephala 0 0 30 0 0 0 0 0 0 10 3 0 0 0 0 0 
Navicula sp. 0 0 0 0 0 0 0 3 10 0 0 1 0 0 0 0 
Nitzschia acicularis 1 0 10 0 0 0 0 70 0 0 0 0 0 0 0 0 
Nitzschia reversa 0 0 0 0 0 0 34 20 0 0 0 0 0 0 3 11 
Nitzschia sp. 8 3 320 10 4 3 1,060 330 280 150 250 7 17 32 42 530 
Rhizosolenia eriensis 0 0 0 0 0 0 10 0 0 0 0 0 0 460 590 0 
Skeletonema potamos 0 0 0 0 0 0 0 510 0 0 0 10 30 0 0 780 
Stephanodiscus astraea 0 0 0 0 0 0 0 40 0 0 6 0 0 0 0 0 
Stephanodiscus hantzschii 0 20 0 0 0 0 0 0 135 82 0 0 0 0 0 0 
Stephanodiscus minutus 60 80 100 20 0 0 70 40 258 156 280 40 70 58 54 0 
Surirella sp. 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Synedra acus 7 6 10 0 0 0 0 0 10 20 14 0 0 13 21 17 
Synedra sp. 0 0 0 0 0 0 26 25 0 0 0 0 0 1 0 0 
Thalassiosira sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Thalassiosira weissflogii 0 0 0 0 0 0 0 0 0 0 0 0 0 20 5 0 
Unidentified pennate diatoms 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total Diatoms 97 110 481 30 103 59 1,320 5,478 760 500 858 153 327 1,216 1,412 4,050 
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Non-Motile Green Algae                                 
Actinastrum hantzschii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 193 
Ankistrodesmus sp. 460 290 200 80   3 160 820 110 140 380 10 60 60 19 550 
Characium sp. 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 
Chlorella sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 280 420 0 
Closteriopsis sp. 0 0 0 0 0 0 0 2 0 0 0 0 0 1 1 4 
Closterium aciculare 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coelastrum sp. 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 
Crucigenia fenestrata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crucigenia quadrata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crucigenia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crucigenia tetrapedia 0 0 0 0 0 0 0 12 0 0 0 0 0 12 0 0 
Dictyosphaerium pulchellum 0 76 55 0 0 0 38 2,840 160 0 12 0 0 60 44 477 
Elakatothrix sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Franceia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 
Kirchneriella sp. 10 10 50 0 30 0 0 0 0 40 10 20 0 60 30 50 
Lagerheimia quadriseta 70 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lagerheimia sp. 0 0 0 0 0 0 0 470 20 0 20 0 0 30 30 220 
Microcystis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oocystis Borgei 0 0 0 0 17 18 0 0 0 0 0 0 0 0 0 0 
Oocystis parva 0 0 0 0 7 31 0 0 0 0 0 0 0 0 0 0 
Oocystis pusilla 0 0 0 0 0 55 0 0 0 0 0 0 0 0 0 0 
Oocystis solitaria 0 0 0 0 0 95 3 0 0 0 0 0 0 20 18 5 
Oocystis sp. 100 5 0 0 63 12 160 400 30 40 320 10 80 380 60 410 
Pediastrum duplex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 36 0 
Scenedesmus bijuga 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 8 
Scenedesmus dimorphus 0 0 4 0 0 0 0 4 0 0 4 0 0 4 20 93 
Scenedesmus quadricauda 20 0 6 0 0 0 0 64 0 0 32 0 8 6 0 84 
Scenedesmus sp. 0 0 0 0 0 0 10 0 60 0 0 0 0 0 8 0 
Schroederia judayi 0 0 0 0 0 0 0 0 0 0 0 0 160 0 0 0 
Selenastrum minutum 40 10 0 0 0 0 0 0 60 40 50 0 0 20 20 0 
Sphaerocystis schroeteri 0 0     8 145 0 420 0 0 0 0 50 0 0 0 
Tetraedron minimum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 
Treubaria sp. 0 0 0 0 0 0 0 80 0 0 0 0 0 0 0 0 
Total NM Green Algae 702 411 315 80 125 359 379 5,112 440 260 828 40 408 937 706 2,118 
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Unidentified algae                                 
Unidentified algae 330 480 80 160 210 215 260 650 620 480 300 160 390 470 650 650 
Unidentified green algae 9 160 0 0 0 0 0 30 0 0 1,160 0 170 0 0 0 
Total Unidentified Algae 339 640 80 160 210 215 260 680 620 480 1,460 160 560 470 650 650 
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Total Algae 184,325 15,499 15,575 6,420 2,050 18,073 62,714 52,721 385,788 292,039 308,816 2,158 2,325 15,834 18,494 36,012 
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Flagellated Algae                               
Bicoeca euplanktonica 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 
Ceratium hirundinella 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 
Chlamydomonas sp. 0 0 0 0 0 0 0 0 40 0 40 0 0 0 0 
Chromulina sp. 0 0 0 80 0 0 0 0 0 0 0 0 0 0 0 
Chrysochromulina parva 230 910 940 8,770 450 10 260 20 270 850 470 220 50 3,710 450 
Chrysococcus rufescens 0 0 0 370 60 0 0 0 50 810 440 0 0 0 0 
Chrysococcus sp. 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 
Cryptomonas sp. 1 0 2 0 0 4 4 27 232 110 40 6 2 18 78 
Cyathomonas truncata 0 0 0 0 0 0 0 0 0 560 20 0 0 0 0 
Dinobryon sp. 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Euglena acus 0 0 0 0 0 0 0 10 2 0 0 0 0 0 5 
Euglena ehrenbergii 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 
Euglena gracilis 0 0 0 0 0 0 0 46 2 0 0 0 0 0 0 
Euglena oxyuris 0 0 0 0 0 0 0 3 0 0 0 0 0 1 0 
Euglena polymorpha 0 0 0 0 0 0 0 11 0 0 0 0 0 0 43 
Euglena sp. 0 1 0 0 0 0 4 264 17 0 5 0 0 7 77 
Euglena tripteris 0 0 0 0 0 0 0 8 4 0 0 0 0 0 0 
Glenodinium gymnodinium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Glenodinium sp. 0 0 0 0 0 0 0 0 3 60 3 0 0 3 2 
Kephyrion sp. 10 40 60 270 20 0 100 10 0 10 10 0 0 60 0 
Lepocinclis sp. 0 0 0 0 0 0 0 6 1 0 0 0 1 2 0 
Mesostigma viridis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nephroselmis olivacea 0 0 0 0 0 0 0 0 0 30 20 0 0 0 0 
Nephroselmis sp. 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 
Ochromonas sp. 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 
Peridinium sp. 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 
Phacus helikoides 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
Phacus nordstedtii 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 
Phacus pleuronectes 0 0 0 0 0 0 0 33 3 0 0 0 0 0 5 
Phacus pseudonordstedtii 2 0 0 0 0 0 0 19 35 0 0 0 0 0 6 
Phacus sp. 1 0 0 0 0 0 1 43 5 0 2 0 0 0 18 
Platymonas elliptica 2,620 49 68 150 70 0 28 10,590 425 0 7 0 0 15 96 
Rhodomonas minuta 0 1,020 1,400 130 660 130 1,510 20 1,090 3,440 3,340 230 40 210 160 
Rhodomonas sp. 0 0 0 0 0 0 0 0 1,490 0 0 0 0 0 0 
Scourfieldia complanata 0 0 0 0 0 0 0 0 0 60 30 0 0 0 0 
Spermatozoopsis exultans 0 0 0 0 0 0 0 0 0 0 10 0 0 230 0 
Strombomonas sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 26 
Trachelomonas sp. 30 2 4 3 1 0 3 45 64 0 6 0 0 9 112 
Unidentified flagellates 160 50 580 1,080 200 20 140 140 1,220 1,290 650 30 10 210 150 
Total Flagellated Algae 3,054 2,072 3,054 10,903 1,461 164 2,050 11,334 4,975 7,220 5,103 486 103 4,475 1,228 
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Blue Green Algae                               
Oscillatoria agardhii 1,596 1,984 2,356 144 110 0 0 0 3,450 0 544 0 0 130 40 
Anabaena subcylindrica 11 0 0 0 0 0 0 0 119 0 0 0 0 0 0 
Anabaena sp. 23 0 0 0 0 0 0 306 0 0 0 0 6 25 764 
Anabaenopsis sp. 0 0 17 0 0 0 0 4 115 0 0 0 0 0 395 
Aphanizomenon sp 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0 
Aphanocapsa sp. 98,358 4,040 4,860 5,610 4,860 0 5,350 65,184 34,734 482,737 257,697 160 400 3,900 540 
Dactylococcopsis sp. 0 0 0 640 180 0 0 30 110 1,450 3,260 0 30 310 240 
Gomphosphaeria sp. 0 0 0 210 0 0 0 0 0 500 0 0 0 0 0 
Lyngbya contorta 39 0 0 0 0 0 0 0 580 0 0 0 0 0 405 
Lyngbya limnetica 3,780 216 108 0 0 0 0 2,880 1,104 19,170 5,130 0 0 270 3,240 
Marssoniella elegans 0 0 0 0 0 0 0 440 0 0 0 0 0 0 0 
Merismopedia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Merismopedia tenuissima 32 0 200 0 0 0 4,170 380 0 0 0 160 0 1,340 0 
Microcystis sp. 0 0 0 0 0 240 0 0 0 560 0 260 60 150 0 
Oscillatoria limnetica 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oscillatoria sp. 0 0 0 0 0 0 0 90 0 0 0 0 0 0 0 
Phormidium sp. 1,661 305 745 0 0 0 0 2,376 2,679 806 3,241 4 28 160 2,230 
Romeria sp. 0 0 0 0 0 0 0 0 0 6,900 46,725 0 0 75 0 
Total Blue Green Algae 105,555 6,545 8,286 6,604 5,150 240 9,520 71,690 42,891 512,123 316,597 584 524 6,420 7,854 
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Diatoms                               
Amphiprora paludosa 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphiprora sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Asterionella formosa 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 
Chaetoceros elmorei 40 0 1 0 0 0 50 80 1,250 0 60 0 0 690 190 
Cocconeis sp. 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
Cylindrotheca gracilis 0 0 0 0 0 0 0 0 0 0 6 0 2 2 0 
Cyclotella atomus 20 0 0 0 10 0 30 0 1,380 30 60 220 50 1,410 1,000 
Cyclotella meneghiniana 2 2 1 10 3 0 2 0 310 66 144 2 70 324 220 
Cyclotella pseudostelligera 0 0 0 0 0 0 0 0 1,620 0 0 0 0 0 1 
Cymatopleura sp. 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Cymbella minuta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diatoma elongatum 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 
Diatoma vugaris 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diploneis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Entomoneis paludosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Entomoneis sp. 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 
Fragilaria capucina 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 
Fragilaria construens 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 
Fragilaria sp. 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 
Gyrosigma sp. 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
Mastogloia smithii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Navicula sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Navicula capitata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Navicula cryptocephala 0 0 0 5 0 0 0 0 0 30 48 0 17 0 0 
Nitzschia acicularis 9 0 0 40 0 0 0 0 100 0 90 0 0 110 0 
Nitzschia reversa 0 0 0 0 0 0 0 34 10 0 0 0 2 23 11 
Nitzschia sp. 49 1 1 390 50 4 12 810 250 210 620 1 36 450 380 
Rhizosolenia eriensis 0 0 0 0 0 0 0 0 0 0 0 0 0 230 0 
Skeletonema potamos 0 0 0 0 0 0 0 0 340 0 30 20 20 100 340 
Stephanodiscus astraea 0 0 0 0 0 0 0 0 70 0 40 0 0 0 0 
Stephanodiscus hantzschii 0 0 0 0 0 0 0 0 0 132 0 0 0 0 0 
Stephanodiscus minutus 60 110 160 170 10 1 0 50 0 302 680 110 20 0 0 
Surirella sp. 0   0 0 0 0 0 0 0 0 4 0 0 0 0 
Synedra acus 0 2 4 10 0 0 7 28 0 10 12 0 0 25 15 
Synedra sp. 7 0 0 0 0 0 0 0 27 0 0 0 0 2 0 
Thalassiosira sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Thalassiosira weissflogii 0 0 0 0 0 0 0 0 0 0 0 0 0 146 0 
Unidentified pennate diatoms 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
Total Diatoms 188 116 172 632 77 9 101 1,003 5,365 800 1,799 353 217 3,512 2,158 
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Non-Motile Green Algae                               
Actinastrum hantzschii 4 0 0 0 0 0 0 0 0 0 0 0 0 23 124 
Ankistrodesmus sp. 230 400 370 100 150 3 30 8 860 160 350 30 80 180 550 
Characium sp. 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Chlorella sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 
Closteriopsis sp. 0 0 0 0 0 0 0 2 6 0 0 0 0 0 6 
Closterium aciculare 2 0 4 0 0 0 0 0 0 0 0 0 0 0 0 
Coelastrum sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 
Crucigenia fenestrata 0 0 0 0 0 0 0 0 12 40 0 0 0 0 0 
Crucigenia quadrata 0 0 0 0 0 0 30 0 0 0 0 0 0 0 0 
Crucigenia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crucigenia tetrapedia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dictyosphaerium pulchellum 13 60 85 46 0 0 87 35 782 0 15 0 0 580 172 
Elakatothrix sp. 0 0 0 2 0 0 0 0 0 0 0 0 0 60 0 
Franceia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geminella sp. 0 0 0 10 0 0 10 0 0 0 0 0 0 0 0 
Kirchneriella sp. 0 20 70 100 10 30 0 0 0 40 50 50 10 80 40 
Lagerheimia quadriseta 60 20 30 0 0 0 0 0 0 0 0 0 0 0 0 
Lagerheimia sp. 2 0 0 0 0 0 0 0 420 20 30 0 0 70 170 
Microcystis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oocystis Borgei 0 0 0 0 0 11 6 0 0 0 0 11 0 0 0 
Oocystis parva 0 0 0 0 0 0 130 0 0 0 0 0 0 0 0 
Oocystis pusilla 0 0 0 0 0 12 15 0 0 0 0 0 0 0 0 
Oocystis solitaria 0 0 0 0 0 0 47 4 0 0 0 0 0 20 1 
Oocystis sp. 4 14 9 6 10 29 29 60 280 40 220 120 3 26 100 
Pediastrum boryanum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 
Pediastrum duplex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Scenedesmus abundans 0 0 0 0 0 0 0 0 0 40 0 0 0 0 0 
Scenedesmus bijuga 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 
Scenedesmus dimorphus 0 0 0 4 0 0 0 0 8 0 0 0 0 43 52 
Scenedesmus quadricauda 0 0 0 0 0 0 0 0 42 0 8 0 14 24 34 
Scenedesmus sp. 0 0 0 2 0 2 0 3 0 0 30 0 0 22 0 
Schroederia judayi 0 0 0 0 0 0 0   0 0 0 0 100 0 0 
Selenastrum minutum 50 10 20 0 40 0 0 0 20 0 30 0 0 0 0 
Sphaerocystis schroeteri 0 0 0 0 0 8 46 0 310 0 0 0 0 0 0 
Tetraedron minimum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Treubaria sp. 0 0 0 0 0 0 0 0 3 10 0 0 0 0 0 
Total NM Green Algae 365 532 588 270 210 96 430 112 2,743 350 733 211 207 1,186 1,257 
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Unidentified algae                               
Unidentified algae 170 580 570 720 240 60 260 210 1,320 550 650 160 180 850 390 
Unidentified green algae 4 0 0 0 0 0 0 0 0 0 870 0 80 0 0 
Total Unidentified Algae 174 580 570 720 240 60 260 210 1,320 550 1,520 160 260 850 390 
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Total Algae 109,336 9,845 12,670 19,129 7,138 569 12,361 84,349 57,294 521,043 325,752 1,794 1,311 16,443 12,887 
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Site 
ID: Date Type 

NO2 + NO3 
(mg/L) 

P Total Diss 
(mg/L) 

P Total 
(mg/L) 

NH3 Diss 
(mg/L) 

TKN 
mg/L 

SO4 
(mg/L) 

Cl 
(mg/L) 

Ca 
(mg/L) 

Mg 
(mg/L) 

HH1 10/21/2003 Rep 0.05 0.060 0.005 0.05 1.80 1114 38.7 152.0 69.00 
HH1 10/21/2003  0.05 0.005 0.050 0.04 0.66 1144 39.1 158.0 73.00 
%I   0.00 84.62 -81.82 11.11 46.34 -1.32 -0.55 -1.94 -2.82 

            
CA1 11/18/2003 Rep 0.36 0.053 0.058 0.05 0.22 1401 47.8 488.0 82.08 
CA1 11/18/2003  0.20 0.005 0.005 0.05 0.45 1561 283.3 437.8 117.40 
%I   28.95 82.76 84.13 0.00 -34.85 -5.42 -71.11 5.42 -17.71 

            
CA1 12/17/2003 Rep 0.39 0.173 0.005 0.05 0.22 1429 52.2 582.0 86.00 
CA1 12/17/2003  0.39 0.005 0.049 0.05 0.27 1453 48.4 516.7 77.35 
%I   0.90 94.38 -81.48 0.00 -10.56 -0.83 3.75 5.94 5.30 

            
HC2 1/14/2004 Rep 0.05 0.021 0.005 0.05 0.55 1818 32.4 342.7 117.70 
HC2 1/14/2004  0.05 0.042 0.005 0.05 0.60 1853 33.2 347.9 119.20 
%I   0.00 -33.33 0.00 0.00 -3.92 -0.94 -1.08 -0.75 -0.63 

            
CC1 2/9/2004 Rep 0.05 0.044 0.057 0.05 0.28 752 351.3 175.2 59.59 
CC1 2/9/2004  0.05 0.005 0.041 0.05 0.10 768 343.3 187.5 63.82 
%I   0.00 79.59 16.33 0.00 47.37 -1.04 1.15 -3.39 -3.43 

            
HH1 3/9/2004 Rep 0.05 0.027 0.019 0.05 0.38 1020 31.5 150.2 62.34 
HH1 3/9/2004  0.05 0.040 0.005 0.05 0.48 1025 31.1 155.0 60.39 
%I   0.00 -19.40 58.33 0.00 -11.42 -0.25 0.56 -1.57 1.59 

            
CR1 3/23/2004 Rep 0.05 0.005 0.017 0.05 0.43 2613 101.4 272.1 122.20 
CR1 3/23/2004  0.05 0.005 0.018 0.05 0.53 2463 98.0 265.1 117.70 
%I   0.00 0.00 -2.86 0.00 -10.27 2.96 1.66 1.30 1.88 

            
HH1 4/20/2004 Rep 0.05 0.034 0.036 0.05 0.82 1160 33.4 152.5 66.50 
HH1 4/20/2004  0.05 0.029 0.032 0.05 0.69 1214 33.2 161.5 71.81 
%I   0.00 7.94 5.88 0.00 8.90 -2.29 0.36 -2.87 -3.84 
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Site 
ID: Date 

Na 
(mg/L) 

K 
(mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

TSS 
(mg/L) 

TVS 
(mg/L) 

TS 
(mg/L) 

Fecal Coliform 
(colonies/100mL) 

E.Coli 
(colonies/100mL) 

HH1 10/21/2003 370 11.5 664 1981 2184 376 5 8.0 6.0 2192   
HH1 10/21/2003 406 7.7 693 2288 2054 377 1.0 8.0 4.0 2296   
%I  -4.64 19.79 -2.14 -7.20 3.08 -0.08 66.67 0.00 20.00 -2.32   

              
CA1 11/18/2003 37 0.5 1577 2160.3 2485.6 174 0.5 2.4 1.6 2488 30 35 
CA1 11/18/2003 320 2.5 1577 2826.8 3338.0 175 1.2 10.0 7.6 3348   
%I  -79.16 -66.67 0.00 -13.36 -14.64 -0.22 -41.18 -61.17 -65.10 -14.74   

              
CA1 12/17/2003 39 5.7 1807 2299 2493 176 0.5 6.5 4.9 2500 5 8.5 
CA1 12/17/2003 53 7.1 1609 2516 2261 176 0.5 8.4 6.0 2524 5 9 
%I  -15.29 -10.59 5.82 -4.49 4.90 0.04 0.00 -12.72 -10.31 -0.48 0.00 -0.58 

              
HC2 1/14/2004 475 22.8 1340 3051 4022 402 9.7 17.9 14.6 4040 10 13.4 
HC2 1/14/2004 485 24.4 1360 3791 3106 406 9.9 13.4 9.2 3804 5 6 
%I  -1.01 -3.43 -0.71 -10.82 12.85 -0.48 -1.17 14.48 22.74 3.01 33.33 36.04 

              
CC1 2/9/2004 304 18.2 683 1781 2009 200 2.1 2.7 2.1 2012 5 5.2 
CC1 2/9/2004 321 19.5 731 2062 1825 204 2.2 2.0 0.5 2064 5 4 
%I  -2.64 -3.50 -3.40 -7.32 4.80 -0.93 -1.63 13.41 61.48 -1.28 0.00 11.83 

              
HH1 3/9/2004 348 8.1 632 1799 1944 299 4.5 12.0 10.0 1956 110 112 
HH1 3/9/2004 311 7.9 636 2256 1767 295 4.7 12.0 9.6 2268 110 150 
%I  5.69 1.46 -0.31 -11.27 4.78 0.58 -1.84 0.00 2.04 -7.39 0.00 -14.50 

              
CR1 3/23/2004 842 6.3 1183 4112 4482 260 7.3 22.5 19.3 4504   
CR1 3/23/2004 880 12.2 1147 4986 3992 261 7.3 22.5 18.9 5008 10 2 
%I  -2.20 -31.67 1.55 -9.60 5.78 -0.26 0.07 0.00 1.05 -5.30   

              
HH1 4/20/2004 370 8.4 655 2009 2433 364 11.0 11.2 6.8 2444 60.0 61.3 
HH1 4/20/2004 418 9.4 699 2448 2130 357 8.1 12.0 7.2 2460 90 64 
%I  -6.12 -5.25 -3.28 -9.85 6.64 0.90 15.09 -3.45 -2.86 -0.33 -20.00 -2.00 
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Site 
ID: Date 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron 

(ug/L) 

Dissolved 
Lithium 
(ug/L) 

CA1 11/18/2003 12.5 12.5 1.0 155.0 12.5 2.5 5.0 5.0 5.0 5.0 43.0 96.4 
CA1 11/18/2003 12.5 72.2 1.0 247.7 12.5 2.5 5.0 5.0 5.0 5.0 118.0 166.7 
%I  0.00 -70.48 0.00 -23.02 0.00 0.00 0.00 0.00 0.00 0.00 -46.58 -26.72 

              
CA1 12/17/2003 12.5 12.5 1.0 125.0 12.5 2.5 5.0 5.0 5.0 5.0 35.0 73.0 
CA1 12/17/2003 12.5 12.5 1.0 124.0 12.5 2.5 5.0 5.0 5.0 5.0 45.0 74.0 
%I  0.00 0.00 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.00 -12.50 -0.68 

              
HC2 1/14/2004 12.5 159.5 4.3 445.0 50.0 2.5 5.0 5.0 5.0 5.0 319.0 331.0 
HC2 1/14/2004 12.5 128.1 4.0 448.0 48.9 2.5 5.0 5.0 5.0 5.0 306.0 349.0 
%I  0.00 10.92 3.61 -0.34 1.11 0.00 0.00 0.00 0.00 0.00 2.08 -2.65 

              
CC1 2/9/2004 12.5 12.5 3.0 610.2 53.6 2.5 5.0 5.0 5.0 5.0 244.6 428.7 
CC1 2/9/2004 12.5 41.2 4.2 603.1 59.6 2.5 5.0 5.0 5.0 5.0 264.0 460.2 
%I  0.00 -53.43 -16.69 0.59 -5.29 0.00 0.00 0.00 0.00 0.00 -3.81 -3.54 

              
HH1 4/20/2004 12.5 12.5 1.0 435.0 12.5 2.5 5.0 5.0 5.0 5.0 12.5 176.4 
HH1 4/20/2004 12.5 12.5 1.0 449.2 12.5 2.5 5.0 5.0 5.0 5.0 12.5 203.3 
%I  0.00 0.00 0.00 -1.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -7.08 
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SD Department of Environment and Natural Resources 307 
 

Site 
ID: Date 

Dissolved 
Nickel 
(ug/L) 

Dissolved Lead 
(ug/L) 

Dissolved Sulfer 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
CA1 11/18/2003 12.5 5.8 575900 12.5 3.1 9755 12.5 12.5 12.5 
CA1 11/18/2003 12.5 6.8 630900 12.5 3.0 6209 48.1 12.5 12.5 
%I  0.00 -7.72 -4.56 0.00 1.64 22.21 -58.74 0.00 0.00 

           
CA1 12/17/2003 12.5 8.0 497000 12.5 5.7 8500 12.5 12.5 39.2 
CA1 12/17/2003 12.5 20.2 501000 12.5 5.5 8640 12.5 12.5 33.4 
%I  0.00 -43.26 -0.40 0.00 1.79 -0.82 0.00 0.00 7.99 

           
HC2 1/14/2004 26.7 8.2 666000 12.5 10.7 10500 12.5 12.5 40.4 
HC2 1/14/2004 12.5 6.3 667000 12.5 15.6 10500 12.5 12.5 31.5 
%I  36.22 13.10 -0.08 0.00 -18.63 0.00 0.00 0.00 12.38 

           
CC1 2/9/2004 12.5 17.9 193900 12.5 0.5 9529 12.5 12.5 12.5 
CC1 2/9/2004 12.5 29.2 201500 12.5 1.9 10290 12.5 12.5 12.5 
%I  0.00 -23.95 -1.92 0.00 -59.08 -3.84 0.00 0.00 0.00 

           
HH1 4/20/2004 12.5 2.5 398400 12.5 1.8 2354 39.1 12.5 25.6 
HH1 4/20/2004 12.5 2.5 422900 12.5 0.5 1623 37.9 12.5 12.5 
%I  0.00 0.00 -2.98 0.00 56.14 18.38 1.54 0.00 34.30 
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SD Department of Environment and Natural Resources 309 
 

Site ID: Date Type 
NO2 + NO3 

(mg/L) 
P Total Diss 

(mg/L) 
P Total 
(mg/L) 

NH3 Diss 
(mg/L) TKN mg/L 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) Mg (mg/L) 

CR3 4/22/2004 Spl 0.05 0.069 0.040 0.05 0.40 2064 558.5 390.6 133.10 
CR3 4/22/2004  0.22 0.005 0.054 0.05 0.32 1481 157.5 437.1 86.86 
%I   -62.69 86.49 -14.89 0.00 11.51 16.45 56.01 -5.62 21.02 

            
BC1 5/17/2004 Rep 0.05 0.016 0.064 0.05 0.93 2550 769.8 463.7 203.30 
BC1 5/17/2004  0.05 0.005 0.079 0.05 0.61 2714 861.3 463.0 199.80 
%I   0.00 52.38 -10.49 0.00 21.02 -3.10 -5.61 0.08 0.87 

            
CA1 5/18/2004 Spl 0.30 0.012 0.023 0.05 0.21 1326 54.1 536.6 85.59 
CA1 5/18/2004  0.28 0.015 0.016 0.05 0.24 1415 55.7 531.7 82.96 
%I   2.77 -11.11 17.95 0.00 -7.35 -3.26 -1.44 0.46 1.56 

            
CR3 6/8/2004 Rep 0.05 0.020 0.020 0.05 0.30 1502 65.6 497.8 84.60 
CR3 6/8/2004  0.05 0.060 0.005 0.05 0.40 1484 66.2 498.4 83.70 
%I   0.00 -50.00 60.00 0.00 -14.29 0.62 -0.46 -0.06 0.53 

            
PS1 6/9/2004 Spl 0.05 0.005 0.005 0.05 0.10 516 14.5 70.7 25.30 
PS1 6/9/2004  0.05 0.005 0.005 0.05 0.20 512 15.7 69.6 24.90 
%I   0.00 0.00 0.00 0.00 -33.33 0.38 -3.97 0.78 0.80 

            
CR-2 7/13/2004 Rep 0.05 0.01 0.01 0.05 0.5 2758.8 485.7 389.0 177.0 
CR2 7/13/2004  0.05 0.01 0.01 0.05 0.4 2434.7 542.2 396.0 164.0 
%I   0.00 0.00 0.00 0.00 19.17 6.24 -5.49 -0.89 3.81 

            
CR-4 7/14/2004 Spl 0.05 0.01 0.01 0.05 0.4 1054.4 137.4 243.0 101.0 
CR4 7/14/2004  0.05 0.01 0.01 0.05 0.1 1114.3 135.2 244.0 92.6 
%I   0.00 0.00 0.00 0.00 58.16 -2.76 0.79 -0.21 4.34 

            
PS1 8/16/2004 Rep 0.05 0.02 0.03 0.05 0.3 437.6 15.8 69.1 24.3 
PS1 8/16/2004  0.05 0.03 0.01 0.05 0.2 577.6 15.6 77.0 29.8 
%I   0.00 -23.64 69.70 0.00 7.21 -13.79 0.57 -5.41 -10.17 
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SD Department of Environment and Natural Resources 311 
 

Site ID: Date 
Na 

(mg/L) 
K 

(mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 

TDS 
Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

TSS 
(mg/L) 

TVS 
(mg/L) 

TS 
(mg/L) 

Fecal Coliform 
(colonies/100mL) 

E.Coli 
(colonies/100mL) 

CR3 4/22/2004 637 9.2 1523 3920 4956 212 6.3 8.4 5.6 4964   
CR3 4/22/2004 219 8.0 1449 3018 2496 177 1.8 5.6 4.8 3024   
%I  48.83 6.66 2.50 12.99 33.00 8.97 56.08 20.00 7.69 24.29   

              
BC1 5/17/2004 979 4.6 1995 5079 5926 181 5.1 17.7 13.3 5944 130 185 
BC1 5/17/2004 1062 11.3 1979 6002 5420 182 6.0 18.1 14.5 6020 120 173 
%I  -4.09 -41.83 0.41 -8.33 4.46 -0.27 -8.18 -1.12 -4.35 -0.64 4.00 3.35 

              
CA1 5/18/2004 43 3.0 1692 2154 2521 175 0.5 2.8 1.2 2524   
CA1 5/18/2004 59 6.7 1669 2586 2035 177 0.5 2.0 1.2 2588 30 5 
%I  -15.55 -38.60 0.69 -9.12 10.68 -0.45 0.00 16.67 0.00 -1.25   

              
CR3 6/8/2004 60 2.0 1591 2148 2574 168 0.5 6.4 5.9 2580 80 29 
CR3 6/8/2004 53 8.2 1589 2521 2295 170 0.5 6.6 4.9 2528 60 19 
%I  6.37 -60.78 0.07 -8.00 5.72 -0.68 0.00 -1.54 9.26 1.02 14.29 20.08 

              
PS1 6/9/2004 180 4.4 281 920 1006 181 0.5 5.9 3.7 1012   
PS1 6/9/2004 178 11.2 276 959 921 182 0.5 5.5 3.2 964   
%I  0.56 -43.59 0.77 -2.05 4.42 -0.25 0.00 3.51 7.25 2.43   

              
CR-2 7/13/2004 852.0 18.0 1700.2 4796.4 4716.7 193.1 4.6 19.3 15.2 4736.0 740.0 219.0 
CR2 7/13/2004 933.0 16.6 1664.2 4603.2 4861.4 194.4 5.1 42.6 32.7 4904.0 650.0 299 
%I  -4.54 4.05 1.07 2.06 -1.51 -0.33 -4.77 -37.68 -36.45 -1.74 6.47 -15.44 

              
CR-4 7/14/2004 224.0 12.8 1022.7 1869.1 2217.3 160.9 2.7 6.7 4.0 2224.0   
CR4 7/14/2004 224.0 11.7 990.6 1918.1 2158.6 160.3 2.9 9.4 6.7 2168.0   
%I  0.00 4.49 1.59 -1.29 1.34 0.19 -5.02 -16.67 -25.00 1.28   

              
PS1 8/16/2004 175.0 10.1 272.6 836.4 17.6 174.2 0.5 10.4 7.8 28.0 100.0 79.8 
PS1 8/16/2004 198.0 12.5 315.0 1015.2 5951.3 174.4 0.5 8.7 5.7 5960.0 30.0 17.30 
%I  -6.17 -10.62 -7.21 -9.65 -99.41 -0.04 0.00 9.09 16.13 -99.06 53.85 64.37 
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SD Department of Environment and Natural Resources 313 
 

Site ID: Date 

Dissolved 
Silver 
(ug/L) 

Dissolved 
Aluminum 

(ug/L) 

Dissolved 
Arsenic 
(ug/L) 

Dissolved 
Boron 
(ug/L) 

Dissolved 
Barium 
(ug/L) 

Dissolved 
Beryllium 

(ug/L) 

Dissolved 
Cadmium 

(ug/L) 

Dissolved 
Cobalt 
(ug/L) 

Dissolved 
Chromium 

(ug/L) 

Dissolved 
Copper 
(ug/L) 

Dissolved 
Iron (ug/L) 

CR3 4/22/2004 12.5 12.5 1.0 331.9 30.9 2.5 5.0 5.0 5.0 5.0 12.5 
CR3 4/22/2004 12.5 12.5 1.0 230.0 12.5 2.5 5.0 5.0 15.2 16.5 12.5 
%I  0.00 0.00 0.00 18.13 42.44 0.00 0.00 0.00 -50.50 -53.42 0.00 

 
 

Site 
ID: Date 

Dissolved 
Lithium 
(ug/L) 

Dissolved 
Manganese 

(ug/L) 

Dissolved 
Molybdenum 

(ug/L) 

Dissolved 
Nickel 
(ug/L) 

Dissolved 
Lead 
(ug/L) 

Dissolved 
Sulfer 
(ug/L) 

Dissolved 
Antimony 

(ug/L) 

Dissolved 
Selenium 

(ug/L) 

Dissolved 
Silicon 
(ug/L) 

Dissolved 
Thallium 

(ug/L) 

Dissolved 
Vanadium 

(ug/L) 

Dissolved 
Zinc 

(ug/L) 
CR3 4/22/2004 194.5 298.4 5.0 12.5 2.5 762900 26.0 0.5 2027 79.6 12.5 12.5 
CR3 4/22/2004 125.8 52.8 11.0 12.5 2.5 460700 12.5 0.5 4368 73.7 12.5 12.5 
%I  21.45 69.94 -37.30 0.00 0.00 24.70 35.06 0.00 -36.61 3.84 0.00 0.00 
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SD Department of Environment and Natural Resources 315 
 

Site ID: Date Type 

NO2 + 
NO3 

(mg/L) 

P Total 
Diss 

(mg/L) 
P Total 
(mg/L) 

NH3 Diss 
(mg/L) TKN mg/L 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) Mg (mg/L) Na (mg/L) 

CA1 9/15/2004 Rep 3.66 0.01 0.02 2.57 0.3 1398.9 55.0 527.0 72.1 31.8 
CA1 9/15/2004  3.63 0.01 0.01 0.10 0.2 1414.9 60.0 540.0 72.2 32.0 
%I   0.37 0.00 12.50 92.43 13.33 -0.57 -4.34 -1.22 -0.07 -0.31 

             
CR3 9/15/2004 Spl 0.62 0.01 0.01 0.05 0.1 1376.4 60.8 539.0 77.7 38.9 
CR3 9/15/2004  4.11 0.01 0.01 0.05 0.3 1442.2 69.7 523.0 77.8 37.9 
%I   -73.95 0.00 0.00 0.00 -44.44 -2.33 -6.85 1.51 -0.06 1.30 

             
CC1 10/12/2004 Spl 0.29 0.01 0.02 0.05 0.5 683.0 356.6 196.0 65.6 278.0 
CC1 10/12/2004  0.05 0.01 0.05 0.05 0.5 695.2 357.2 197.0 65.0 279.0 
%I   70.59 0.00 -47.06 0.00 0.20 -0.88 -0.09 -0.25 0.46 -0.18 

             
CR4 10/13/2004 Rep 0.20 0.05 0.01 0.05 0.7 1098.8 133.1 265.0 90.2 234.0 
CR4 10/13/2004  0.20 0.02 0.01 0.05 0.5 1101.5 133.7 275.0 91.0 237.0 
%I   0.50 34.25 0.00 0.00 16.27 -0.12 -0.22 -1.85 -0.44 -0.64 

             
BC1 11/17/2004 Spl 0.12 0.01 0.02 0.01 0.2 1362.2 429.9 526.0 85.0 39.1 
BC1 11/17/2004  0.12 0.01 0.03 0.01 0.2 1312.0 419.6 426.0 109.0 322.0 
%I   0.00 0.00 -17.24 0.00 3.03 1.88 1.21 10.50 -12.37 -78.34 

             
CC1 11/18/2004 Rep 0.01 0.01 0.03 0.01 0.2 602.8 357.7 234.0 99.6 444.0 
CC1 11/18/2004  0.02 0.01 0.05 0.01 0.2 574.8 352.0 183.0 61.1 263.0 
%I   -33.33 12.00 -28.95 0.00 2.33 2.38 0.81 12.23 23.96 25.60 

             
CC1 12/14/2004 Rep 0.01 0.02 0.04 0.01 0.4 1110.0 443.0 234.0 99.6 444.0 
CC1 12/14/2004  0.02 0.03 0.04 0.01 0.3 1120.0 437.0 234.0 101.0 423.0 
%I   -33.33 -11.54 -2.56 33.33 5.88 -0.45 0.68 0.00 -0.70 2.42 

             
CA1 12/14/2004 Spl 0.34 0.01 0.01 0.01 0.0 1460.0 170.0 526.0 85.0 39.1 
CA1 12/14/2004  0.34 0.01 0.01 0.01 0.0 1470.0 169.0 529.0 83.8 39.1 
%I   0.00 0.00 0.00 0.00 0.00 -0.34 0.29 -0.28 0.71 0.00 
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SD Department of Environment and Natural Resources 317 
 

Site ID: Date 
K 

(mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 

TDS 
Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Fecal Coliform 
(colonies/100mL) 

E.Coli 
(colonies/100mL) 

CA1 9/15/2004 3.4 1612.8 2204.5 2506.9 183.6 1.1 5.1 2.6 2512.0 30 11.8 
CA1 9/15/2004 4.6 1645.7 2233.7 2482.9 177.3 0.5 5.1 3.4 2488.0 20 16 
%I  -15.00 -1.01 -0.66 0.48 1.76 36.71 -0.21 -14.49 0.48 20.00 -14.49 

             
CR3 9/15/2004 5.3 1665.9 2211.7 2574.8 188.3 0.5 9.2 5.7 2584.0   
CR3 9/15/2004 5.5 1626.3 2272.4 2567.1 186.7 1.0 8.9 5.9 2576.0   
%I  -1.85 1.20 -1.35 0.15 0.44 -33.33 1.72 -1.98 0.16   

             
CC1 10/12/2004 18.9 759.6 1701.1  171.2 1.3 3.6 0.3 1840.0   
CC1 10/12/2004 18.6 759.6  1715.9 173.1 1.6 4.3 1.4 1788.0 10.0 9.8 
%I  0.80 0.00   -0.58 -12.47 -8.42 -70.21 1.43   

             
CR4 10/13/2004 12.1 1033.1 1948.0  190.8 1.3 3.0 0.3 2224.0 100.0 59.4 
CR4 10/13/2004 12.1 1061.4  1962.6 186.9 1.4 2.2 1.3 2184.0 190.0 73.3 
%I  0.00 -1.35   1.05 -3.18 15.60 -68.30 0.91 -31.03 -10.47 

             
BC1 11/17/2004 5.3 1501.0 2987.0 2742.6 158.6 1.2 17.0 13.9 3004.0   
BC1 11/17/2004 4.4 1512.6 2994.2 2687.9 158.2 1.1 17.8 13.9 3012.0   
%I  9.28 -0.39 -0.12 1.01 0.13 3.20 -2.50 0.00 -0.13   

             
CC1 11/18/2004 20.0 714.3 1690.2 1595.7 169.5 3.0 5.8 4.0 1696.0 5 0.5 
CC1 11/18/2004 18.0 708.6 1704.6 1551.6 166.2 0.5 15.4 11.5 1720.0 5 0.5 
%I  5.26 0.40 -0.42 1.40 0.97 71.12 -45.48 -48.23 -0.70 0.00 0.00 

             
CC1 12/14/2004 20.0 994.5 2662.0 2482.6 2.5 4.0 28.0 5.0 2690.0 5 0.5 
CC1 12/14/2004 21.1 1000.2 2686.0 2469.9 2.5 3.2 24.0 6.0 2710.0 5 2 
%I  -2.68 -0.29 -0.45 0.26 0.00 11.11 7.69 -9.09 -0.37 0.00 -60.00 

             
CA1 12/14/2004 5.3 1663.5 2408.0 2381.7 2.5 0.7 7.0 0.5 2415.0   
CA1 12/14/2004 5.3 1666.0 2395.0 2393.6 2.5 0.6 7.0 0.5 2402.0   
%I  0.00 -0.08 0.27 -0.25 0.00 7.69 0.00 0.00 0.27   
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SD Department of Environment and Natural Resources 319 
 

Site ID: Date Type 

NO2 + 
NO3 

(mg/L) 

P Total 
Diss 

(mg/L) 
P Total 
(mg/L) 

NH3 Diss 
(mg/L) TKN mg/L 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) Mg (mg/L) Na (mg/L) 

CR3 1/11/2005 Rep 0.32 0.005 0.014 0.03 0.18 1562 86.8 500 99.6 145 
CR3 1/11/2005  0.32 0.005 0.005 0.02 0.2 1569 88.6 504 99.6 134 
%I   0.00 0.00 47.37 20.00 -5.26 -0.22 -1.03 -0.40 0.00 3.94 

             
CA1 1/11/2005 Spl 0.37 0.005 0.005 0.1 0.16 1495 29.9 518 82.6 43.7 
CA1 1/11/2005  0.36 0.005 0.005 0.02 0.12 1491 29.7 514 82.6 48.3 
%I   1.37 0.00 0.00 66.67 14.29 0.13 0.34 0.39 0.00 -5.00 

             
HC2 3/2/2005 Rep 0.005 0.005 0.036 0.01 0.4 794.1 7.3 144 48.7 203 
HC2 3/2/2005  0.02 0.005 0.038 0.005 0.4 805.1 8 145 48.6 202 
%I   -60.00 0.00 -2.70 33.33 0.00 -0.69 -4.58 -0.35 0.10 0.25 

             
CR4 3/2/2005 Spl 0.21 0.005 0.012 0.01 0.23 1156 91.1 271 92.3 229 
CR4 3/2/2005  0.21 0.005 0.011 0.02 0.23 1173 91.9 268 91.7 234 
%I   0.00 0.00 4.35 -33.33 0.00 -0.73 -0.44 0.56 0.33 -1.08 

             
CR2 3/24/2005 Spl 0.03 0.005 0.018 0.09 0.39 2025 446 411 137 570 
CR2 3/24/2005  0.03 0.005 0.015 0.06 0.30 1984 441 423 139 561 
%I   0.00 0.00 9.09 20.00 13.04 1.02 0.56 -1.44 -0.72 0.80 

             
CR1 3/24/2005 Rep 0.03 0.005 0.005 0.04 0.57 4472 118 395 217 1340 
CR1 3/24/2005  0.71 0.015 0.005 0.08 0.48 4479 120 409 221 1370 
%I   -91.89 -50.00 0.00 -33.33 8.57 -0.08 -0.84 -1.74 -0.91 -1.11 

             
BC1  5/23/05 Rep 0.01 0.005 0.107 0.01 0.96 1316 440 301 104 468 
BC1  5/23/05  0.005 0.014 0.114 0.02 1.36 1180 372 201 84.7 485 
%I   33.33 -47.37 -3.17 -33.33 -17.24 5.45 8.37 19.92 10.23 -1.78 

             
CR3  5/23/05 Spl 0.06 0.012 0.057 0.01 0.48 1408 152 348 83.3 259 
CR3  5/23/05  0.05 0.005 0.054 0.005 0.6 1430 160 351 86 255 
%I   9.09 41.18 2.70 33.33 -11.11 -0.78 -2.56 -0.43 -1.59 0.78 
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SD Department of Environment and Natural Resources 321 
 

Site ID: Date K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Fecal Coliform 
(colonies/100mL) 

E.Coli 
(colonies/100mL) 

CR3 1/11/2005 6.3    175 1.3 11 0.5 2783 30 32.7 
CR3 1/11/2005 6.4    175 1.3 10 0.5 2765 30.0 30.9 
%I  -0.79    0.00 0.00 4.76 0.00 0.32 0.00 2.83 

             
CA1 1/11/2005 5.2    153 0.6 6 0.5 2458   
CA1 1/11/2005 5.4    161 0.7 5 0.5 2397 5.0 0.5 
%I  -1.89    -2.55 -7.69 9.09 0.00 1.26   

             
HC2 3/2/2005 12.3    201 5.4 17 1 1486 5 0.5 
HC2 3/2/2005 12.3  1360  203 5.4 20 2.0 1486 5.0 0.5 
%I  0.00    -0.50 0.00 -8.11 -33.33 0.00 0.00 0.00 

             
CR4 3/2/2005 12.2    189 2.3 5 0.5 2242   
CR4 3/2/2005 11.5  2000  192 2.4 3 0.5 2254 5.0 0.5 
%I  2.95    -0.79 -2.13 25.00 0.00 -0.27   

             
CR2 3/24/2005 6.4 1590 3900 3710 180 3.4 25 3 4060   
CR2 3/24/2005 6.4 1630 4100 3670 180 3.5 23 3 4072   
%I  0.00 -1.24 -2.50 0.54 0.00 -1.45 4.17 0.00 -0.15   

             
CR1 3/24/2005 14.3 1880 7000 6710 240 8.8 4 0.5 7243 5 0.5 
CR1 3/24/2005 14.7 1930 7060 6770 241 9.1 12 1 7253 5 0.5 
%I  -1.38 -1.31 -0.43 -0.45 -0.21 -1.68 -50.00 -33.33 -0.07 0.00 0.00 

             
BC1  5/23/05 8.4 1180 2610 2730 153 10.3 74 10 2733 5 6.1 
BC1  5/23/05 8.4 851 2590 2430 152 10 73 9 2722 30.0 6.2 
%I  0.00 16.20 0.38 5.81 0.33 1.48 0.68 5.26 0.20 -71.43 -0.81 

             
CR3  5/23/05 8.5 1210 2560 2380 177 5 58 7 2641   
CR3  5/23/05 8.3 1230 2570 2410 176 5.2 56 7 2656   
%I  1.19 -0.82 -0.19 -0.63 0.28 -1.96 1.75 0.00 -0.28   
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SD Department of Environment and Natural Resources 323 
 

Site ID: Date Type 

NO2 + 
NO3 

(mg/L) 

P Total 
Diss 

(mg/L) 
P Total 
(mg/L) 

NH3 Diss 
(mg/L) TKN mg/L 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) Mg (mg/L) Na (mg/L) 

HH1  6/13/05 Rep 0.01 0.013 0.04 0.005 0.53 951.8 24.8 117 60.3 317 
HH1  6/13/05  0.01 0.013 0.032 0.005 0.52 963.5 24.7 114 58.6 325 
%I   0.00 0.00 11.11 0.00 0.95 -0.61 0.20 1.30 1.43 -1.25 

             
CC1  6/27/05 Spl 0.07 0.016 0.058 0.04 0.64 1912 185 299 155 486 
CC1  6/27/05  0.19 0.017 0.055 0.03 0.62 1925 186 300 157 482 
%I   -46.15 -3.03 2.65 14.29 1.59 -0.34 -0.27 -0.17 -0.64 0.41 

             
CA1  6/30/05 Rep 0.28 0.005 0.005 0.02 0.12 1521 46.8 536 83.3 35.4 
CA1  6/30/05  0.28 0.005 0.005 0.02 0.08 1496 43.2 529 81.3 36.3 
%I   0.00 0.00 0.00 0.00 20.00 0.83 4.00 0.66 1.22 -1.26 

             
CR3  7/13/05 Rep 0.99 0.025 0.022 0.06 0.3 1622 104 441 94.9 199 
CR3  7/13/05  2.93 0.019 0.023 0.09 0.26 1624 106 443 96.7 204 
%I   -49.49 13.64 -2.22 -20.00 7.14 -0.06 -0.95 -0.23 -0.94 -1.24 

             
HH1  7/14/05 Spl 0.03 0.034 0.12 0.03 1.17 809.2 7.3 133 54.7 267 
HH1  7/14/05  0.03 0.031 0.115 0.03 1.26 808.4 7.3 137 55.4 272 
%I   0.00 4.62 2.13 0.00 -3.70 0.05 0.00 -1.48 -0.64 -0.93 

             
HC2  8/ 2/05 Rep 0.005 0.005 0.05 0.01 0.66 1851 31.1 264 103 452 
HC2  8/ 2/05  0.005 0.019 0.054 0.02 0.63 1816 30.4 275 104 451 
%I   0.00 -58.33 -3.85 -33.33 2.33 0.95 1.14 -2.04 -0.48 0.11 
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Site ID: Date 
K 

(mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

Fecal Coliform 
(colonies/100mL) 

E.Coli 
(colonies/100mL) 

HH1  6/13/05 8.8 540 1730 1640 246 6.7 9 4 1764   
HH1  6/13/05 8.8 526 1730 1650 245 6.6 7 3 1759   
%I  0.00 1.31 0.00 -0.30 0.20 0.75 12.50 14.29 0.14   

             
CC1  6/27/05 14.9 1380 3570 3200 218 8.8 8 0.5 3631   
CC1  6/27/05 14.9 1400 3550 3210 218 8.8 6 1 3614   
%I  0.00 -0.72 0.28 -0.16 0.00 0.00 14.29 -33.33 0.23   

             
CA1  6/30/05 5.1 1680 2550 2360 184 0.8 3 0.5 2537 20 1 
CA1  6/30/05 5.2 1660 2490 2320 184 0.8 3 0.5 2540 5 6.1 
%I  -0.97 0.60 1.19 0.85 0.00 0.00 0.00 0.00 -0.06 60.00 -71.83 

             
CR3  7/13/05 9 1490 2810 2600 180 3 15 2 2855   
CR3  7/13/05 9.1 1500 2830 2610 180 3.1 14 1 2863   
%I  -0.55 -0.33 -0.35 -0.19 0.00 -1.64 3.45 33.33 -0.14   

             
HH1  7/14/05 11.8 557 1590 1490 321 10 20 6 1611   
HH1  7/14/05 11.8 570 1610 1500 321 9.7 20 6 1601   
%I  0.00 -1.15 -0.63 -0.33 0.00 1.52 0.00 0.00 0.31   

             
HC2  8/ 2/05 24.6 1080 3110 2860 211 10.2 28 4 3213 10.0 3.0 
HC2  8/ 2/05 24.6 1110 3120 2840 211 10.2 27 3 3211 10.0 3.0 
%I  0.00 -1.37 -0.16 0.35 0.00 0.00 1.82 14.29 0.03 0 0 
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APPENDIX H. ANGOSTURA RESERVOIR QA/QC SAMPLE DATA 
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Site ID: Date Location Type 

NO2 + 
NO3 

(mg/L) 

P Total 
Diss 

(mg/L) 
P Total 
(mg/L) 

NH3 Diss 
(mg/L) TKN mg/L 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

AR3 09/24/03 Surface Rep 0.05 0.02 0.005 0.020 0.6 1313.4 151.3 293 
AR3 09/24/03 Surface  0.05 0.005 0.010 0.010 0.500 1336.9 152.5 281.0 
%I    0.00 60.00 -33.33 33.33 9.09 -0.89 -0.39 2.09 

            
AR5 11/19/03 Surface Rep 0.05 0.027 0.027 0.05 0.59 1258 145.7 286.9 
AR5 11/19/03 Surface  0.05 0.027 0.027 0.05 0.48 1243 147.1 286.3 
%I    0.00 0.00 0.00 0.00 9.99 0.59 -0.46 0.10 

            
AR2 06/29/04 Bottom Rep 0.05 0.005 0.005 0.05 0.80 1457 179.5 369.0 
AR2 06/29/04 Bottom  0.05 0.050 0.050 0.05 0.70 1429 172.4 412.0 
%I    0 -82 -82 0 7 1 2 -6 

            
AR4  07/26/04 Surface Rep 0.05 0.01 0.01 0.05 0.4 1451.0 166.2 360.0 
AR4 07/26/04 Surface  0.05 0.01 0.01 0.05 0.5 1522.1 165.6 360.0 
%I    0.00 -47.37 41.18 0.00 -8.51 -2.39 0.18 0.00 

            
AR3  08/19/04 Surface Spl 0.05 0.03 0.01 0.05 0.5 1305.2 179.1 358.0 
AR3 08/19/04 Surface  0.05 0.04 0.01 0.05 0.5 1570.2 170.6 370.0 
%I    0.00 -20.55 0.00 0.00 -4.30 -9.21 2.41 -1.65 

            
AR4 03/28/05 Surface Rep 0.02 0.005 0.031 0.06 0.51 1513 155 397 
AR4 03/28/05 Surface  0.01 0.011 0.038 0.03 0.5 1584 165 397 
%I    33.33 -37.50 -10.14 33.33 0.99 -2.29 -3.13 0.00 
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Site ID: Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

AR3 09/24/03 88 241 9.8 1094.0 2169.9 2429 123.2 10 7.0 5 2436 
AR3 09/24/03 87.0 230.0 7.1 1061.5 2167 2452 119.3 11.000 8.0 5.0 2460 
%I  0.57 2.34 15.98 1.51 0.07 -0.47 1.60 -4.76 -6.67 0.00 -0.49 

             
AR5 11/19/03 95.21 256 7.2 1108 2124 2415 125 4.2 5.2 3.6 2420 
AR5 11/19/03 95.22 256 6.6 1107 2109 2452 125 4.3 8.0 6.4 2460 
%I  -0.01 -0.06 4.16 0.07 0.34 -0.76 0.22 -0.24 -21.21 -28.00 -0.82 

             
AR2 06/29/04 96.60 291 10.3 1319 2593 2484 134 3.8 11.2 9.0 2604 
AR2 06/29/04 107.00 262 11.6 1469 2670 2476 136 3.9 37.7 30.0 2708 
%I  -5 5 -6 -5 -1 0 -1 -1 -54 -54 -2 

             
AR4  07/26/04 96.5 278.0 10.4 1296.3 2435.0 2694.6 121.4 5.4 5.4 3.6 2700.0 
AR4 07/26/04 107.0 262.0 11.6 1339.5 2499.2 2670.2 118.2 4.4 5.8 3.1 2676.0 
%I  -5.16 2.96 -5.45 -1.64 -1.30 0.46 1.34 10.09 -4.00 6.67 0.45 

             
AR3  08/19/04 92.2 235.0 10.3 1273.6 2252.8 2098.4 121.7 3.3 9.6 7.0 2108.0 
AR3 08/19/04 93.5 244.0 9.8 1308.9 2529.5 2608.3 119.0 4.1 15.7 11.3 2624.0 
%I  -0.70 -1.88 2.49 -1.37 -5.79 -10.83 1.14 -11.11 -24.14 -23.81 -10.90 

             
AR4 03/28/05 104 233 9.9 1420 2730 2510 138 4.8 10 0.5 2792 
AR4 03/28/05 106 234 9.7 1430 2770 2590 136 5.4 13 0.5 2754 
%I  -0.95 -0.21 1.02 -0.35 -0.73 -1.57 0.73 -5.88 -13.04 0.00 0.69 

 





Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 333 
 

Site 
ID: Date 

Fecal Coliform 
(colonies/100mL) 

E.Coli 
(colonies/100mL) 

Dis 
Silver 
(ug/L) 

Dis 
Aluminum 

(ug/L) 

Dis. 
Arsenic 
(ug/L) 

Dis. 
Boron 
(ug/L) 

Dis. 
Barium 
(ug/L) 

Dis 
Beryllium 

(ug/L) 

Dis 
Cadmium 

(ug/L) 

Dis 
Cobalt 
(ug/L) 

Dis 
Chromium 

(ug/L) 

Dis 
Copper 
(ug/L) 

Dis 
Iron 

(ug/L) 
AR5 11/19/03 5 5.2 12.5 80.4 1.0 266.5 42.2 2.5 5.0 5.0 5.0 5.0 103.0 
AR5 11/19/03 5 2 12.5 121.4 1.0 268.0 42.2 2.5 5.0 5.0 5.0 5.0 103.0 
%I  0.00 44.44 0.00 -20.32 0.00 -0.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 
 

Site 
ID: Date 

Dis 
Lithium 
(ug/L) 

Dis 
Manganese 

(ug/L) 

Dis 
Molybdenum 

(ug/L) 

Dis 
Nickel 
(ug/L) 

Dis 
Lead 
(ug/L) 

Dis Sulfer 
(ug/L) 

Dis 
Antimony 

(ug/L) 

Dis 
Selenium 

(ug/L) 

Dis 
Silicon 
(ug/L) 

Dis 
Thallium 

(ug/L) 

Dis 
Vanadium 

(ug/L) 
Dis Zinc 
(ug/L) 

AR5 11/19/03 159.4 33.7 5.0 12.5 2.5 492800 12.5 1.6 4882 58.8 12.5 12.5 
AR5 11/19/03 158.0 33.7 5.0 12.5 2.5 492300 12.5 2.3 4827 47.2 12.5 12.5 
%I  0.44 0.00 0.00 0.00 0.00 0.05 0.00 -17.95 0.57 10.88 0.00 0.00 

 
 





Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 335 
 

Site ID: Date Location Type 

NO2 + 
NO3 

(mg/L) 

P Total 
Diss 

(mg/L) 
P Total 
(mg/L) 

NH3 Diss 
(mg/L) TKN mg/L 

SO4 
(mg/L) Cl (mg/L) Ca (mg/L) 

AR1  5/31/05 surface Rep 0.02 0.005 0.005 0.02 0.4 1596 166 393 
AR1  5/31/05 surface  0.02 0.005 0.005 0.02 0.37 1567 161 393 
%I    0.00 0.00 0.00 0.00 3.90 0.92 1.53 0.00 

            
AR1  6/16/05 surface Rep 0.08 0.005 0.005 0.13 0.38 1392 148 339 
AR1  6/16/05 surface  0.08 0.005 0.005 0.14 0.43 1408 147 341 
%I    0.00 0.00 0.00 -3.70 -6.17 -0.57 0.34 -0.29 

            
AR4  7/ 6/05 surface Rep 0.07 0.005 0.034 0.1 0.4 1239 124 303 
AR4  7/ 6/05 surface  0.07 0.005 0.005 0.1 0.39 1237 124 301 
%I    0.00 0.00 74.36 0.00 1.27 0.08 0.00 0.33 

            
AR4  7/19/05 surface Rep 0.01 0.005 0.012 0.04 0.4 1278 125 300 
AR4  7/19/05 surface  0.01 0.005 0.01 0.02 0.41 1282 127 304 
%I    0.00 0.00 9.09 33.33 -1.23 -0.16 -0.79 -0.66 

            
AR5  8/3/05 Bottom Rep 0.005 0.005 0.023 0.005 0.44 1291 126 309 
AR5  8/3/05 Bottom  0.005 0.005 0.024 0.005 0.42 1309 125 319 
%I    0.00 0.00 -2.13 0.00 2.33 -0.69 0.40 -1.59 

            
AR4 09/01/05 Bottom Rep 0.005 0.005 0.02 0.02 0.042 1403 140 333 
AR4 09/01/05 Bottom  0.005 0.005 0.021 0.03 0.042 1403 140 332 
%I    0.00 0.00 -2.44 -20.00 0.00 0.00 0.00 0.15 

 
 





Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 337 
 

Site ID: Date Mg (mg/L) Na (mg/L) K (mg/L) 

Hardness 
as CaCO3 

(mg/l) 

TDS TS-
TSS 

(mg/l) 
TDS Sum 

(mg/L) 

Alk as 
CaCO3 
(mg/L) 

TOC 
(mg/L) 

TSS 
(mg/L) 

TVS 
(mg/L) TS (mg/L) 

AR1  5/31/05 99.9 271 9.5 1390 2790 2630 131 4.8 5 0.5 2779 
AR1  5/31/05 103 245 10.1 1410 2750 2570 131 4.9 5 0.5 2758 
%I  -1.53 5.04 -3.06 -0.71 0.72 1.15 0.00 -1.03 0.00 0.00 0.38 

             
AR1  6/16/05 93.8 219 9.9 1230 2540 2290 123 4.9 2 0.5 2533 
AR1  6/16/05 93.2 216 9.7 1240 2470 2300 125 4.6 2 0.5 2560 
%I  0.32 0.69 1.02 -0.40 1.40 -0.22 -0.81 3.16 0.00 0.00 -0.53 

             
AR4  7/ 6/05 81.5 196 9.7 1090 2260 2040 2260 2040 2 0.5 2264 
AR4  7/ 6/05 82 194 9.7 1090 2250 2030 2250 2030 2 0.5 2258 
%I  -0.31 0.51 0.00 0.00 0.22 0.25 0.22 0.25 0.00 0.00 0.13 

             
AR4  7/19/05 84.6 205 10.2 1100 2290 2090 120 5.3 6 0.5 2358 
AR4  7/19/05 84.4 203 9.9 1110 2360 2090 119 5.5 6 1 2335 
%I  0.12 0.49 1.49 -0.45 -1.51 0.00 0.42 -1.85 0.00 -33.33 0.49 

             
AR5  8/3/05 86 200 10.2 1130 2440 2100 116 5.2 10 1.000 2387 
AR5  8/3/05 86.8 202 9.9 1150 2390 2130 116 5.2 11 0.500 2389 
%I  -0.46 -0.50 1.49 -0.88 1.04 -0.71 0.00 0.00 -4.76 33.33 -0.04 

             
AR4 09/01/05 92.7 221 10 1210 2390 2280 120 5.5 10 2 2458 
AR4 09/01/05 95.6 221 10.1 1220 2400 2290 120 5.4 8 2 2458 
%I  -1.54 0.00 -0.50 -0.41 -0.21 -0.22 0.00 0.92 11.11 0.00 0.00 

 





Upper Cheyenne River Watershed Assessment Final Report  - DRAFT   October 9, 2018 

   

SD Department of Environment and Natural Resources 339 
 

APPENDIX I. ANGOSTURA PHYTOPLANKTON CHLOROPHYLL SAMPLE RESULTS.  
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Sample 
Date 

Sample 
Site 

F 
Dup 

F 
Blnk 

L 
Dup 

L 
Blnk 

C/P 
Ratio 

CHL-a 
corrected 

for 
pheophytin 

CHL-a 
uncorrected 

for 
pheophytin 

Tri. 
CHL -

a 

Tri. 
CHL-

b 

Tri. 
CHL-

c 

CHL-a 
Ignoring 

Pheophytin 

16-Jun-91   No No No No   1.66 1.66         

16-Jun-91   No No No No   1.68 1.68         

19-Jul-91   No No No No   1.43 1.43         

19-Jul-91   No No No No   1.04 1.04         

16-Aug-91   No No No No   1.43 1.43         

16-Aug-91   No No No No   0.93 0.93         

12-Jun-92   No No No No   0.50 0.50         

12-Jun-92   No No No No   0.54 0.54         

16-Jul-92   No No No No   1.11 1.11         

16-Jul-92   No No No No   0.69 0.69         

13-Jun-93   No No No No   1.89 1.89         

13-Jun-93   No No No No   1.37 1.37         

21-Jul-93   No No No No   2.90 2.90         

21-Jul-93   No No No No   3.60 3.60         

19-Aug-93   No No No No   1.80 1.80         

19-Aug-93   No No No No   2.50 2.50         

14-Aug-95   No No No No   2.89 3.35         

12-Aug-96   No No No No   2.17 2.35         

04-Aug-97   No No No No   4.34 4.36         

03-Aug-98   No No No No   4.34 4.36         

08-Jun-99 2701 No No No No   0.72 1.34         

27-Jul-99 2701 No No No No   3.61 4.69         

07-Aug-00 1  No No Yes No     7.92         

07-Aug-00 2  No No No No   5.41 2.23         

07-Aug-00 3  No No No No   4.01 1.65         

07-Aug-00 1  No No No No 3.16 8.21 4.95         

13-Aug-01 3 No No No No 1.49 3.00 3.92         

13-Aug-01 2 No No No No 1.57 2.90 3.55         

13-Aug-01 1 No No No No 1.44 6.41 8.58         

16-Jun-03   No No No No 0.96 -0.20 0.21 0.22 -0.10 -0.03 0.41 

22-Jul-03   No No No No 1.56 3.60 3.88 4.00 0.31 -0.16 3.42 

24-Sep-03 AR1 No No No No 1.68 6.51 6.56 6.66 1.69 1.11 6.23 

24-Sep-03 AR1 No No No No 1.80 10.24 9.09 9.19 2.84 1.13 8.72 

24-Sep-03 AR2 No No No No 1.57 7.01 7.38 7.38 3.24 2.49 7.05 

24-Sep-03 AR2 No No No No 1.33 1.44 1.95 1.87 1.72 1.85 1.68 

24-Sep-03 AR3 No No No No 1.62 15.12 16.17 16.15 7.71 2.39 15.59 

24-Sep-03 AR3 No No No No 2.05 2.80 2.24 2.18 1.69 1.83 1.95 

24-Sep-03 AR3 Yes No No No 1.26 1.45 1.97 1.87 1.78 2.32 1.65 

24-Sep-03 AR3 Yes No No No 1.81 7.81 7.38 7.45 2.58 0.87 6.93 

24-Sep-03 AR4 No No No No 1.76 12.32 11.72 11.77 4.71 1.41 11.26 

24-Sep-03 AR4 No No Yes No 1.47 1.64 1.78 1.74 1.15 1.08 1.40 

24-Sep-03 AR4 No No No No 2.46 2.32 1.75 1.71 1.23 1.10 1.42 

24-Sep-03 AR5 No No No No 1.45 1.76 1.91 1.83 1.65 2.02 1.68 
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Sample 
Date 

Sample 
Site 

F 
Dup 

F 
Blnk 

L 
Dup 

L 
Blnk 

C/P 
Ratio 

CHL-a 
corrected 

for 
pheophytin 

CHL-a 
uncorrected 

for 
pheophytin 

Tri. 
CHL -

a 

Tri. 
CHL-

b 

Tri. 
CHL-

c 

CHL-a 
Ignoring 

Pheophytin 

24-Sep-03 AR5 No No No No 1.68 10.51 10.93 11.00 4.11 1.53 10.52 

22-Oct-03 AR1 Yes No No No 1.42 116.04 162.94 164.33 59.59 6.03 160.63 

22-Oct-03 AR1 No No No No 1.98 149.19 124.04 125.08 45.38 5.63 122.68 

22-Oct-03 AR2 No No No No 2.25 10.91 8.87 8.92 3.32 1.70 9.07 

22-Oct-03 AR3 No No No No 2.98 7.81 5.57 5.60 2.04 1.84 5.73 

22-Oct-03 AR4 No No No No 2.26 6.61 5.69 5.74 1.93 1.58 5.90 

22-Oct-03 AR5 No No No No 1.30 2.30 3.26 2.85 5.56 8.84 3.63 

22-Oct-03 AR5 No No No No 3.72 8.61 5.61 5.63 2.14 2.06 5.82 

19-Nov-03 AR1 No No No No 2.04 4.91 3.51 3.52 1.16 2.13 3.71 

19-Nov-03 AR2 No No No No 1.47 4.31 4.29 4.24 2.11 3.65 4.45 

19-Nov-03 AR3 No No No No 1.41 5.21 5.45 5.39 2.62 4.77 5.61 

19-Nov-03 AR4 No No No No 1.32 4.91 5.57 5.44 3.48 6.00 5.82 

19-Nov-03 AR5 Yes No No No 1.49 4.41 4.33 4.29 2.02 3.58 4.62 

19-Nov-03 AR5 No No No No 1.96 5.41 4.50 4.45 2.13 3.93 4.78 

19-Apr-04 AR1 No No No No 3.17 15.02 9.24 9.38 2.10 3.52 7.26 

19-Apr-04 AR2 No No No No 1.85 11.41 8.25 8.42 1.46 2.23 6.31 

19-Apr-04 AR3 No No No No 2.65 11.01 7.84 7.98 1.50 3.14 5.61 

19-Apr-04 AR4 No No No No 7.87 15.72 8.04 8.25 0.86 2.42 5.94 

19-Apr-04 AR5 No No No No 14.79 16.02 7.38 7.59 0.66 1.83 5.20 

19-May-04 AR1 No No No No 1.43 86.01 114.55 118.91 -4.34 20.99 115.09 

19-May-04 AR2 No No No No 15.19 4.41 2.35 2.06 3.84 6.67 3.79 

19-May-04 AR3 No No No No 0.40 -7.31 3.55 2.98 7.61 9.60 5.57 

19-May-04 AR4 No No No No 2.03 3.90 3.42 3.20 3.70 5.66 4.04 

19-May-04 AR5 No No No No 2.02 3.60 3.09 2.87 3.53 5.30 3.63 

29-Jun-04 AR1 No No No No 1.30 3.20 6.35 5.92 7.19 10.06 6.23 

29-Jun-04 AR2 No No No No 1.12 3.70 11.96 10.94 15.49 23.05 11.67 

29-Jun-04 AR3 No No No No   0.00 0.00 0.00 0.00 0.00 0.00 

29-Jun-04 AR4 No No No No   0.00 0.00 0.00 0.00 0.00 0.00 

29-Jun-04 AR5 No No No No   0.00 0.00 0.00 0.00 0.00 0.00 

16-Jul-04 AR1 No No No No 3.26 7.01 4.17 4.24 0.91 0.68 4.50 

16-Jul-04 AR3 No No No No 3.89 6.71 3.88 3.92 1.18 0.94 4.17 

16-Jul-04 AR4 No No No No 3.70 6.71 3.88 3.93 1.02 1.00 4.21 

16-Jul-04 AR5 No No No No 2.86 4.61 3.51 3.53 1.19 1.15 3.71 

26-Jul-04 AR1 No No No No 2.41 6.21 5.03 5.02 2.18 2.32 5.36 

26-Jul-04 AR2 No No No No 2.28 7.51 6.19 6.23 2.16 1.95 6.56 

26-Jul-04 AR3 No No No No 2.13 7.41 6.27 6.30 2.32 2.22 6.56 

26-Jul-04 AR4 No No No No 2.57 9.21 6.56 6.60 2.30 1.78 6.89 

26-Jul-04 AR5 No No No No 1.83 7.31 6.52 6.60 1.80 1.61 6.81 

19-Aug-04 AR1 No No No No 1.83 17.92 16.95 17.13 5.37 3.50 16.75 

19-Aug-04 AR2 No No No No 1.67 13.12 13.16 13.31 3.97 2.79 13.37 

19-Aug-04 AR3 No No No No 1.69 10.91 10.81 10.89 3.75 2.58 10.97 

19-Aug-04 AR3 Yes No No No 1.32 8.41 8.95 9.06 2.65 1.92 8.87 

19-Aug-04 AR4 No No No No 1.74 19.92 19.51 19.61 7.63 3.43 19.22 

19-Aug-04 AR5 No No No No 1.68 48.06 48.26 48.63 17.61 6.06 47.73 
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Sample 
Date 

Sample 
Site 

F 
Dup 

F 
Blnk 

L 
Dup 

L 
Blnk 

C/P 
Ratio 

CHL-a 
corrected 

for 
pheophytin 

CHL-a 
uncorrected 

for 
pheophytin 

Tri. 
CHL -

a 

Tri. 
CHL-

b 

Tri. 
CHL-

c 

CHL-a 
Ignoring 

Pheophytin 

18-Oct-04 AR1 No No No No 1.86 10.21 9.65 9.88 1.31 2.61 9.78 

18-Oct-04 AR2 No No No No 1.77 12.82 12.42 12.71 1.77 2.86 12.54 

18-Oct-04 AR3 No No No No 1.77 15.12 14.44 14.83 1.40 3.03 14.56 

18-Oct-04 AR4 No No No No 1.75 13.72 13.37 13.70 1.62 3.22 13.49 

18-Oct-04 AR5 No No No No 1.72 15.12 15.01 15.36 2.15 3.90 15.10 

29-Nov-04 AR1 Yes No No No 1.93 7.51 6.44 6.58 0.97 2.03 6.35 

29-Nov-04 AR1 No No No No 1.87 10.31 8.54 8.70 1.59 3.14 8.46 

29-Nov-04 AR2 No No No No 2.41 13.02 9.07 9.28 1.29 2.72 9.03 

28-Mar-05 AR1 No No No No 1.55 9.51 9.03 9.19 1.77 3.36 9.28 

28-Mar-05 AR2 No No No No 1.51 8.91 8.58 8.71 1.93 3.36 8.83 

28-Mar-05 AR3 No No No No 1.38 9.11 9.36 9.48 2.44 4.07 9.57 

28-Mar-05 AR4 Yes No No No 1.50 8.51 8.13 8.23 2.08 3.37 8.37 

28-Mar-05 AR4 No No No No 1.62 9.81 8.79 8.96 1.49 2.92 9.03 

28-Mar-05 AR5 No No No No 1.47 7.71 7.38 7.51 1.53 2.84 7.63 

25-Apr-05 AR1 No No No No 1.49 8.11 8.13 8.28 1.56 2.58 8.25 

25-Apr-05 AR2 No No No No 1.61 8.61 7.76 7.91 1.41 2.23 7.96 

25-Apr-05 AR3 No No No No 1.56 9.91 9.49 9.72 1.20 2.26 9.57 

25-Apr-05 AR4 No No No No 1.57 8.71 8.17 8.36 1.16 1.92 8.25 

25-Apr-05 AR5 Yes No No No 1.48 8.81 8.87 9.06 1.41 2.57 8.99 

25-Apr-05 AR5 No No No No 1.51 8.81 8.58 8.77 1.26 2.54 8.70 

16-Jun-05 AR1 No No No No 2.49 0.96 0.82 0.82 0.23 0.44 0.85 

16-Jun-05 AR5 No No No No 2.93 5.01 2.97 2.76 3.35 5.40 3.30 

16-Jun-05 AR2 No No No No 2.78 1.44 1.14 1.16 0.21 0.36 1.16 

16-Jun-05 AR3 No No No No 2.98 4.81 3.30 3.29 1.31 2.41 3.47 

16-Jun-05 AR4 No No No No 2.38 3.20 2.14 2.02 2.18 3.36 2.31 

06-Jul-05 AR3 Yes No No No 2.08 1.94 1.76 1.79 0.36 0.60 1.75 

06-Jul-05 AR4 No No No No 2.01 1.68 1.58 1.59 0.43 0.63 1.58 

06-Jul-05 AR1 No No No No 1.74 1.46 1.63 1.66 0.31 0.54 1.66 

08-Jul-05 AR3 No No No No 1.67 1.40 1.57 1.58 0.49 0.79 1.59 

20-Jul-05 AR1 No No No No 1.36 4.31 4.41 4.39 1.92 3.41 4.50 

20-Jul-05 AR2 No No No No 1.42 3.50 3.88 3.88 1.47 2.43 4.04 

20-Jul-05 AR3 No No No No 1.48 4.11 4.13 4.17 1.07 2.14 4.29 

20-Jul-05 AR4 No No No No 1.41 6.01 6.27 6.35 1.54 3.12 6.35 

20-Jul-05 AR4 Yes No No No 2.05 7.31 5.32 5.43 0.89 1.72 5.40 

20-Jul-05 AR5 No No No No 1.37 5.91 6.23 6.32 1.45 2.72 6.27 

03-Aug-05 AR1 No No No No 1.81 9.91 7.47 7.65 0.88 2.16 7.59 

03-Aug-05 AR2 No No No No 1.69 8.21 6.52 6.66 0.99 2.17 6.56 

03-Aug-05 AR3 No No No No 1.71 8.11 6.56 6.70 0.95 2.35 6.64 

03-Aug-05 AR4 No No No No 1.42 5.51 5.24 5.34 1.01 1.71 5.36 

03-Aug-05 AR5 Yes No No No 1.62 7.61 6.39 6.50 1.45 1.96 6.48 

03-Aug-05 AR5 No No No No 1.65 7.41 6.19 6.32 0.99 1.57 6.31 

01-Sep-05 AR1 No No No No 1.70 6.11 4.62 4.71 0.91 1.33 4.70 

01-Sep-05 AR2 No No No No 2.04 7.81 5.49 5.57 1.29 1.43 5.57 

01-Sep-05 AR3 No No No No 1.83 9.71 7.30 7.42 1.73 1.38 7.30 
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pheophytin 

CHL-a 
uncorrected 

for 
pheophytin 

Tri. 
CHL -

a 

Tri. 
CHL-

b 

Tri. 
CHL-

c 

CHL-a 
Ignoring 

Pheophytin 

01-Sep-05 AR4 No No No No 1.77 8.71 6.93 7.03 1.74 1.68 6.97 

01-Sep-05 AR4 Yes No No No 1.66 6.61 5.36 5.46 1.13 1.35 5.45 

01-Sep-05 AR5 No No No No 1.68 5.71 4.41 4.47 1.15 1.48 4.50 

01-Sep-05 AR5 No No No No 2.22 1.64 1.54 1.57 0.30 0.50 1.55 
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