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1.0 INTRODUCTION AND BACKGROUND INFORMATION 
 
The intent of this sampling and analysis plan (SAP) is to support the project detailed in the 
quality assurance project plan (QAPP) of the same name. Please refer to Section 2.0 
“Introduction” of the QAPP for details on the background and rationale for the project.    
 
2.0 OBJECTIVES AND DESIGN OF THE INVESTIGATION 
 
2.1 Primary Questions and Objectives 
 
The project outlined in this SAP is designed to answer the following question: 
 

“In a segment of the upper Missouri River, what are the highest allowable concentrations of 
nitrogen and phosphorus that will not cause benthic algae to reach nuisance levels and/or 
dissolved oxygen concentrations to fall below applicable State water quality standards?”   
 

In order to answer this question, we are developing a water quality model to evaluate river 
eutrophication response. Two separate data collection efforts will be initiated as part of this SAP 
to support this effort. The work breakdown is: Montana Department of Environmental Quality 
(DEQ) will be responsible for (1) water chemistry sampling of major tributary inflows, irrigation 
return flows, and wastewater discharges to the river, (2) discharge measurement at those sites (as 
well as any irrigation withdrawls), (3) installation and rating of two continuous stage recorders, 
one at the upper and one at the lower end of the project reach, (4) measurement of river hydraulic 
attributes, (5) monitoring of Toston Dam, (5) meteorological monitoring, (6) productivity 
measurements, (7) a long-term YSI deployment, (8) benthic algal measurement, and (9) sediment 
oxygen demand (SOD) measurement.  U.S. Geological Survey (USGS) will be responsible for 
monitoring of the main-stem river, specifically to: (1) deploy YSI sondes at six locations in the 
study reach, (2) conduct water chemistry and benthic algae data collection at each of those sites, 
(3) measure discharge at each location, and (4) estimate travel-time through the reach via dye 
tracing techniques. USGS activities are detailed as part of the Joint Funding Agreement (JFA) 
between USGS and DEQ, which is attached in Appendix A. Both field efforts are sponsored and 
directed by DEQ, and will be completed during August and September of 2010. 
 
2.2 Overview of What Will be Measured, Where, and How Often 
 
Table 2.1 provides the description, frequency, and locations of measurements planned for 
summer 2010. A field sheet for tracking progress during site work is provided in Appendix B. 
The monitoring program was developed following recommendations from the EPA stream 
sampling handbook (Mills et al., 1986), and from prior DEQ experience in monitoring to support 
water quality modeling. Site locations are shown in the project map in Fig. 2.1. The overall study 
reach extends from the headwaters of the Missouri River (e.g. Missouri River headwaters FAS 
near Three Forks) to the Highway 12 Bridge near Townsend (upstream of Canyon Ferry 
Reservoir). In total, approximately 180 km (112 miles) of river are being evaluated including 
Toston Dam (e.g. Broadwater-Missouri Dam), which is near the midpoint of the study reach. 
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Table 2.1. Frequency, location and description of DEQ measurements for the project, summer 2010. 

Measurement Units Frequency Where Measured
Tributary Monitoring

Flow m3 sec-1 Twice (Aug-Sept)

Tributaries:  Sixteen Mile Creek, Crow Creek, Dry Creek, Grayson Creek, Deep 
Creek, Indian Creek. Irrigation diversions: Toston Canal, Broadwater Missouri 
Canal, Montana Ditch Company. Irrigation returns: Broadwater Missouri West 
Side Canal. WWTP's: Townsend Sewage Lagoon, Holnam, Inc.

Field Parameters various Twice (Aug-Sept) All tributaries, irrigation returns, and WWTP's as identified above
Water temperature ?C Continuous "
Total nitrogen (TN) µg/L Twice (Aug-Sept) "

Nitrate + nitrite (NO2+3) µg/L Twice (Aug-Sept) "
Total ammonium (NH4

+) µg/L Twice (Aug-Sept) "
Total phosphorus (TP) µg/L Twice (Aug-Sept) "

Soluble reactive phosphate (SRP) µg/L Twice (Aug-Sept) "
TSS mg/L Twice (Aug-Sept) "
VSS mg/L Twice (Aug-Sept) "

CBOD5 mg/L Twice (Aug-Sept) "
Alkalinity mg/L Twice (Aug-Sept) "

River Monitoring
Continuous stage mm Continuous Trutrack installation: Missouri Headwaters FAS, Hwy 12 Bridge

Real-time WQ measurements various Continuous YSI deployment: Deepdale FAS (upstream of York Islands) 

River Width m Twice (Aug-Sept) Up/downstream of USGS YSI sites: Missouri Headwaters FAS, Fairweather FAS, 
Sixteenmile Creek, Toston FAS, Deepdale FAS, Hwy 12 Bridge

River mean Depth m Twice (Aug-Sept) "
Substrate type (for estimating Manning's "n" Once "

% bottom coverage benthic algae % Twice (Aug-Sept) "
% river bottom to which SOD values apply % Twice (Aug-Sept) "

Phytoplankton and bottom algae productivity mg O2 m
-3 hr-1 Twice (Aug-Sept) Light/dark bottles: Fairweather FAS, Deepdale FAS

Sediment Oxygen Demand (SOD) g O2 m
-2 day-1 Once (Aug-Sept) Deepdale FAS

Benthic Algae variability mg/m2 Twice (Aug-Sept) Deepdale FAS
All other activities see JFA Twice (Aug-Sept) Sondes, EWI samples, streamflow measurement, travel-time study by USGS

Reservoir Monitoring
DO and temperature profile DO/temp Once Toston Dam Recreation Area near face of dam, mid pool

Sediment Oxygen Demand (SOD) g O2 m
-2 day-1 Once (Aug-Sept) Toston Dam Recreation Area

Climate Monitoring
Meteorological (wind speed, temp, rel. various Continuous Toston FAS
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Figure 2.1. Missouri River study reach and proposed locations for monitoring 
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3.0 FIELD SAMPLING METHODS 
 
Field sampling methods for DEQ activities are detailed below. USGS field sampling methods 
will be covered as part of their quality management system. 
 
3.1 Field Water Quality Parameter Measurement 
 
Instantaneous field parameters including temperature, dissolved oxygen (DO), pH, conductivity, 
and turbidity will be measured at all tributary sites during both the August and September 
sampling events using a YSI-85 and Orion pH meter. Instrumentation will be calibrated the day 
of sampling per the manufacturers recommended instructions and will be verified with standard 
solutions prior to use. Continuous field parameters will also be measured at one site for the entire 
summer period using a YSI 6600. The sonde will be deployed at the Deepdale FAS site from 
July 1 – September 30 and will log data at 15 minute increments. It will be equipped with a 
wiper that periodically cleans the sensor surface to prevent growth of biofouling aquatic life 
(YSI, 2006) and every two weeks, will be downloaded, cleaned of growth, and checked with a 
handheld YSI-85 (including the battery). Calibration will be completed in the laboratory 
according to the manufacturer’s instructions (YSI, 2006), and during cleaning visits, and final 
retrieval, sonde readings will be compared to laboratory standards to determine instrument drift. 
If recalibration is required, as determined from field checks against standard solutions, 
instrument drift (probe reading vs. standard) will first be recorded prior to re-calibration.  
 
The sonde deployment scheme is shown in Fig. 3.1. It will be placed in an obscure location and 
will be cabled to a nearby support structure (e.g. bridge support, tree, etc.) to improve security 
and prevent loss. If no suitable attachment point can be found, a 50 lb block with an eyebolt on it 
will be placed on the river bottom upstream of the deployer and the sonde deployer will be 
attached to it. The sonde will have a brass ID plate embedded on the deployer indicating it is 
property of the State of Montana, and if found, who to call. 
 
 
 
 
 
 
 
      
 
 
 
 
 
 
                            

Fig. 3.1.  Profile view of the YSI 6600EDS sonde deployment system. 
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3.2 Water Quality Sampling 
 
3.2.1 Sample Collection 
 
The majority of water quality samples shown in Table 2.1 are routine, and QA/QC guidelines 
from DEQ (2005) will be used. The sample collection methodology for the project will deviate 
from that of the typical “grab” sample and will be modified to a hybrid equal-width-increment 
(EWI) method as shown in Figure 3.2. This procedure simply consists of vertical integration at 
three points in the transect (e.g. left third, center, and right third of channel) using a DH48 to 
form a composite sample. The hybrid EWI-grab approach is suitable for small tributaries and 
combines the simplicity of grab sampling with the rigor of EWI. 
 
 
 
 

 
 
 
 
 
 
 

Figure 3.2. Modified grab-EWI sample approach proposed for Missouri River. 
 
Duplicates will be collected for 10% of all samples, and field/equipment blanks will be collected 
at the end of each sampling trip (one in August, one in September). 
 
3.2.2 Sample Preservation 
 
Samples will be preserved and stored as indicated in Table 3.1 per the lab’s instructions and in 
accordance with DEQ’s field procedure manual at:  G:\WQP\QA_Program\3_Standard 
Operating Procedures\2-Field Procedures Manual). 
 
Table 3.1. Sampling volumes, containers, preservation, and holding times 

Analyte Sample 
Volume 

Container Preservation and Storage Holding 
Time 

TN, TP 250 ml HPDE Bottle No preservative/dry ice 
(freeze) 

45 days 

NO2+3, ammonia, SRP 250 ml HPDE Bottle Field filtered (0.45 um)-No 
preservative/dry ice (freeze) 

45 days 

TSS, VSS 1000 ml HPDE Bottle No preservative/ice ≤6°C 7 days 
CBOD 1000 ml HPDE Bottle No preservative/ice  2 days 

Alkalinity 250 ml HPDE Bottle No preservative/ice ≤6°C 14 days 

 
 
 

V1 V2 V3 

w1 w2 w3 
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3.2.2 Equipment Decontamination 
 
Decontamination of field equipment (e.g. DH sampler, carboys, etc.) will consist of rinsing once 
with 10% HCl and DI water between samplings, and site water three times prior to sampling. 
 
3.3 Streamflow Measurement 
 
3.3.1 Instantaneous Measurement 
 
Instantaneous streamflow will be measured by DEQ at all tributary sites using the velocity-area 
method outlined in Rantz et al. (1982). A calibrated Marsh-McBirney current meter and top-
setting wading rod will be used to carry out the measurements. A single discharge measurement 
will also be completed at two river sites using a sounding weight and suspended meter in 
between sampling runs (e.g. to assist in rating the two trutracks that will be deployed for the 
project). The procedure for each type of discharge measurement is shown below:  
 

A. Procedure for Wading Discharge Measurement. See Field Procedures Manual, 
page 30 (G:\WQP\QA_Program\3_Standard Operating Procedures\2-Field 
Procedures Manual). Flow will be measured using either the standard 0.6 depth 
measurement or the 0.2 and 0.8 measurement depending on site-specific conditions. 
Sites with laminar flow, limited bottom roughness, or that are less than 2.0 feet in 
depth will be measured using the 0.6 method. If depths are greater than 2.0 feet, the 
0.2, 0.8 method will be used.  

 
B. Procedure for Boat Discharge Measurements. A tag-line and cable suspension 

with reel, boat boom, and sounding weight will be used to complete boat 
measurements. A Marsh McBirney will be lowered to positions 0.2 and 0.8 of the 
depth, and associated velocity recorded. The boat will be positioned along the tagline 
equidistantly within each transect.  

 
Digital photographs of each of the discharge measurement transects will be taken at each site and 
latitude, longitude and elevation of the sites will be recorded using the GPS unit in the camera. 
 
3.3.2 Continuous stage recorders 
 
DEQ will install two digital stage recorders (DSRs, e.g. trutracks) to monitor continuous 
streamflow at each end of the project site. Temporary stilling wells, and associated DSR’s will 
be installed according to the standard operating procedures found in the MDEQ Standard 
Operating Procedure for Digital Stage Recorders (draft-2010) Installation sites will include both 
the Missouri River Headwaters FAS and Hwy 287 Bridge site. Two measurements by USGS 
(one during August and one during September), and an additional measurement by DEQ will be 
used to formulate a low-flow rating curve for each site.  
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3.4 Hydraulic Measurements 
 
Width and depth measurements will be made at a number of sites to provide corrective 
information for digitized aerial photography as well as verify simulated information in the 
model. Generally, sites will be representative of the adjacent channel and will be spaced 
equidistantly between YSI locations (where USGS will be making an additional width-depth 
measurement). Wetted width will be measured using a laser range finder. Depth will be 
determined from 11 equidistantly spaced measurements along each transect site. 
    
3.5 Benthic Measurements 
 
3.5.1 Benthic Algae 
 
Benthic algae Chl a and AFDW will be determined at one location both directly up- and down-
stream of a USGS measurement site to determine the inter-variability of the algae sampling 
method in large rivers. Field sampling methods will be identical to the USGS method and will 
consist of the collection, filtration, and analyses of up to 16 individual samples from each of the 
water-quality monitoring locations. If the entire sampling transect is wadeable, samples will be 
collected at 11 width-integrated sampling intervals within transect. If a section of the sampling 
transect is not wadeable, an additional 5 samples will be collected at equal intervals through the 
non-wadeable portion of the sampling transect, generally following, the DEQ protocols outlined 
in the draft DEQ Standard Operation Procedure (SOP) manual, “Sample Collection and 
Laboratory Analysis of Chlorophyll-a”, available at: 
http://www.deq.state.mt.us/wqinfo/monitoring/SOP/sop.asp.   
 
Results of the benthic Chl a sampling will be expressed as chlorophyll-a (Chl a) and AFDW, the 
macrophyte biomass as dry weight, in area units (mg/m2). The hoop, sediment core and template 
methods will be collected, as appropriate, at equidistant points along each transect. Since some 
transect points will be beyond the reach of a wading person, a boat will be used to collect benthic 
samples using a Ponar dredge. The boat will be anchored at the sampling point and bottom 
materials brought up by the Ponar dredge will be sub-sampled using either the template or 
sediment core method, as appropriate (the hoop method would not be workable in this situation, 
and will probably not be applicable in higher velocity areas of the river anyway).  The forms in 
Appendix D will be used to record all relevant information for each transect point.   
 
3.5.2 Substrate - percent algal and sediment coverage/type 
 
At each site where hydraulic measurements are taken, additional information will be gathered 
regarding the substrate including substrate algal coverage, sediment type, and estimated 
Manning’s roughness coefficient. The percent river bottom covered by visible algae growth and 
the percent river bottom to which sediment oxygen demand (SOD) measurements apply will be 
estimated in the field and recorded on the field forms in Appendix D for each river transect. At 
each site, digital photographs will be taken, and latitude, longitude, and elevation will be 
recorded using the GPS in the camera. 
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YSI 

magnetic 
stirrer 

YSI 

magnetic 
stirrer 

3.5.3 Sediment Oxygen Demand (SOD) 
 
Sediment oxygen demand (SOD) measurements are proposed at three locations in the study 
reach to evaluate the effect on oxygen dynamics in the system. The proposed locations include 
(1) upstream of the Toston Dam Recreation, (2) within the impoundment itself, and (3) 
downstream of it. DEQ has previously found that measurement of SOD in situ in rivers is 
difficult due to hyporheic exchange. As such, sediment cores will be taken from depositional 
zones in each reach and incubated in the laboratory. Sediment cores (and duplicates) will be 
retrieved using ball-check core samplers and upon retrieval, cores will be stored in plastic core 
liner tubes prior for transport to the DEQ water lab. Site water for the incubation will also be 
collected at the site using a Van Dorn sampler. Following sampling, both media (e.g. water and 
sediment) will be stored in the dark at a temperature of 4º C and transported as carefully as 
possible to the DEQ water laboratory so as to not disturb the surface of the core. The batch 
reactor described by Bowman and Delfino (1980) will be used to incubate the cores (Figure 3.2).  
 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.2. General diagram of the SOD batch reactor chamber proposed for use in the project.  

 
 
Changes in the dissolved oxygen (DO) concentration of the chamber over time define SOD. The 
SOD (g O2 m-2 day-1) can be calculated per Drolc and Koncan (1999), as: 
 

                        SOD = aV – bV
     S 

                                                                            (1) 

 
Where a is the slope of the time-DO curve for the combined sediment and water in a chamber (g 
O2 m-3 day-1), b is the slope of the time-DO curve for the water of the chamber not interfaced 
with the sediments (g O2 m-3 day-1), V is the volume of overlying water, and S is the area of 
sediment in the chamber (m2). 
 
3.6 Reservoir Profiles (Toston Dam Recreation Area) 
 

Water 
Water 

Sediment 
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In situ dissolved oxygen (DO) and temperature profiles will be completed in the Toston Dam 
Recreation Area to ensure complete mixing of the system and to provide a better understanding 
of its potential influence on water quality. Measurements will be completed at 1-meter 
increments from surface to bottom using a YSI 6600ED sonde (YSI, 2006) multi-parameter 
water quality instrument and 500 ft connection cable. The unit will be lowered by a stainless 
steel cable and held at each depth until the readings have stabilized. Sechi depth (i.e. 
transparency) will also be measured at each site.  
 
3.6 Meteorological Measurements 
 
An independent weather station will be operated by DEQ on an island downstream of the Toston 
FAS to measure wind speed and direction, air temperature, relative humidity, and 
photosynthetically active radiation for the project. The station will be a Hobo Onset research 
grade station, with the following specifications: 
 

1. Air temperature accuracy of ± 0.5 degrees C. 
2. Relative humidity accuracy of ± 5 percent. 
3. Wind speed accuracy of ± 0.5 m/s. 
4. Photosynthetically active radiation (PAR) at ±5 umol/m2/sec or ±5%. 

 
Data collected from this site will be used as both a forcing input to QUAL2K, as well as to 
establish suitable statistical correlations of microclimate in the area. This will be done through 
comparison with an AGRIMET site outside of the river corridor. The two sites are approximately 
five miles away from each another and will be suitable for establishing corrective relationships 
for stations at the upper and lower ends of the project reach. 
 
3.7 Rate Measurements 
 
Field photosynthesis rates will be measured at two sites using the light-dark bottle technique 
(Lind, 1979; EPA, 1983; Wetzel and Likens, 1991). A depth integrated water sample from the 
center of the river will be used to fill duplicate dark bottles and light bottles for the measurement 
of phytoplankton photosynthesis. Both light and dark bottles will be incubated in situ, under 
ambient light conditions at or near the water’s surface, using the biological oxygen demand 
(BOD) bottle racks, as close to midday as possible. This will provide maximum field-measured 
photosynthesis rate (EPA, 1983). Incubations will normally be completed within 2-4 hours, at 
which time the incubation will be terminated by chemical fixation and subsequent DO 
measurement via the Winkler titration method (Wetzel and Likens, 1991; APHA, 1998). The 
sodium thiosulfate titration step of the procedure will be completed immediately after incubation.  
 
A similar exercise will be completed for periphyton. Again, both photosynthesis and respiration 
will be measured in duplicate 300 ml light and dark bottles. Blobs of algae of known mass 
(squeezed wet weight) will be placed in each 300 ml bottle such that the volume occupied by the 
algae does not exceed about 50% of the bottle. Incubations will occur for 2-4 hours, at which 
time the incubation will be terminated by chemical fixation and subsequent DO measured via the 
Winkler titration method (Wetzel and Likens, 1991; APHA, 1998). Similar to the phytoplankton, 
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the sodium thiosulfate titration step of the procedure will be completed immediately after the 
incubation. Both ash-free dry mass and Chl a will be determined for the algal blob.  
  
4.0 SAMPLE HANDLING PROCEDURES 
 
This project follows the WQPB “internal process.”  Appropriate storage times for water quality 
samples discussed in Sections 3.3 to 3.6 are shown in Table 3.3.  Water quality and Chl a 
samples will be delivered to the State Lab. 
 
5.0 LABORATORY ANALYTICAL MEASUREMENTS 
 
5.1 Chemical Analyses, Methods, and Detection Limits 
 
Table 5.1 summarizes analytical methods and detection limits for parameters to be collected in 
the Missouri River project. Table 5.2 shows the performance characteristics of measurements 
made by the YSI 6600EDS sondes (YSI, 2006).   
 
Table 5.1.  Analytical methods and detection limits for water and sediment samples. 

Analyte Method Analytical Detection Limit 
Total Nitrogen (TN) A4500-N B or C 0.01 mg/L 

Nitrate + Nitrite-Nitrogen (NO2+NO3-N) EPA 353.2 0.001 mg/L 
Total Ammonia-Nitrogen (NH3+NH4-N) EPA 350.1 0.01 mg/L 

Total Phosphorus (TP) E365.1 0.001 mg/L 
Soluble Reactive Phosphorus (SRP) E365.1 0.001 mg/L 

Total Suspended Solids (TSS) EPA 160.2 10 mg/L 
Total Volatile Solids (VSS) EPA 160.4 10 mg/L 

CBOD A5210B 2 mg/L 
Alkalinity EPA 310.2 1 mg/L 

 
 
 
Table 5.2.  Performance Characteristics of the YSI 6600EDS Sonde 

Parameter Resolution Accuracy Range
Water Temperature 0.01 o C ± 0.15 o C -5 to 45 o C

pH 0.01 units ± 0.2 units 0 to 14 units
DO (mg/L) 0.01 mg/L ± 0.2 mg/L 0 to 50 mg/L

DO (% saturation) 0.1% air sat. ± 2% 0 to 500% air sat.
Specific Conductance 0.001 mS/cm ± 0.5% of reading 0 to 100 mS/cm

Chlorophyll a 0.1 µg Chl a  /L none given* 0 to 400 µg Chl a  /L
Turbidity 0.1 NTU 2 NTU 0 to 1000 NTU

Battery Life 90 days at 20 o C, 15 min logging intervals w turbidity and Chl a on.
*In vivo  measurements will only be as accurate as the laboratory samples against which they are calibrated.  
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6.0 QUALITY ASSURANCE AND QUALITY CONTROL REQUIREMENTS 
 
This project will follow the WQPB “internal process”. All QA/QC requirements followed by MT 
DEQ will be instituted for this project as described in MT DEQ (2005b). 
 
6.1 Instrument Calibration  
 
YSI 6600EDS or V2-4s calibrations will be carried out in the LCG building laboratory in 
Helena. Turbidity will be calibrated in the field using the two-point method using 0 and 126 
NTU standards, followed by a drift-test benchmark using the 12.7 NTU standard. DO will be 
calibrated using the air-saturated water method (a 5 gallon bucket sparged with air via an 
airstone for 1 hr) (see page 6, YSI 2009). The pH will be calibrated using the two-point method 
(7.0 and 10.0 standards), followed by a drift-test benchmark using pH 8.0 standard. Chl a 
measurements recorded by the YSI 6600s are made using a fluorometric probe, and are relative; 
that is, to determine the true stream Chl a values, they must be regressed against laboratory-
measured Chl a samples, collected separately from the stream at the same location1

 

. To check 
instrument drift, the chlorophyll-a probe will be benchmarked against a 2% Rhodamine WT dye 
standard (YSI, 2006). Conductivity will be calibrated using a 1000 µS/cm standard. Calibrations 
will be recorded using the first form in the Appendix. 

6.2 Post Deployment 
 
Instrument drift of YSI sondes will be checked and recorded post-deployment on standard forms 
(Appendix, form 2) for pH and DO (immediately, in the field), while turbidity, EC, and Chl a (if 
Chl a is measured) drift will be checked in the water laboratory in Helena within 2 weeks after 
the instruments have been retrieved from the streams.  Drift criteria have been presented in the 
project QAPP. 
 
7.0 DATA ANALYSIS, RECORD KEEPING, AND REPORTING  
 
This project will follow the WQPB “internal process.” Site Visit/Chain of Custody forms, field 
forms digital photos, and lab will be processed by WQPB staff following QA/QC procedures as 
indicated in Section 6.0.  The GPS coordinate system datum used will be NAD 1983 State Plane 
Montana, in decimal degrees, to at least the third decimal.  
 
8.0 SCHEDULE FOR COMPLETION 
 
Four field trips are scheduled for completing this SAP:  
  

1) Deployment of YSI sonde and Trutrack in early July 2010 (approximately 1 day). 
Subsequent cleaning and checks of sonde every two weeks (1/2 day).  

                                                 
1 At least 4 Chl a water samples will be collected at each long-term sonde deployment site during the course of the 
study in order to calibrate the probe measurements.   
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2) Sampling run No. 1 (calibration dataset), approximately 2nd week of August (coordinated 

with USGS) (approximately 5 day trip). 
 

3) Sampling run No. 2 (validation dataset) 2nd week of September, 2010 (approximately 5 
day trip).   

 
4) Retrieval of YSI sonde and trutracks, late September/early October 2010 (approximately 

1 day).   
 
9.0 PROJECT TEAM AND RESPONSIBILITIES 
 
This project is intended to be carried out by staff of the Montana Department of Environmental 
Quality.  Personnel directly involved in this project are presented in Table 9-1.   
 
Table 9.1. Missouri River Project Participants and Roles. 

Name Organization Project Responsibilities Phone No. 
Mike Suplee MT Dept. of Env. Quality Project Management/data collection (406) 444-0831 
Rosie Sada MT Dept. of Env. Quality Project Management/data collection (406) 444-5964 
Monitoring Staff  MT Dept. of Env. Quality Field data collection  
Kyle Flynn MT Dept. of Env. Quality Project Management modeling (406) 444-5974 
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Appendix B                                Equipment List  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
ITEMS FOR SAMPLING 
 Field Sheets, Write in Rain Level Survey Book, Labels, Clip Board, Sharpie Pens/pencils 
 Plastic Carboys (2) 
 0.45 µm filter catridges 
 60 cc syringes (clean; 25) 
 Sample Containers (includes duplicates and extra bottles) 

o Water sample bottles (develop detailed list) 
o 1 gallon size ziplock bags 

 Preservatives 
 Ice Chests (3) and Ice 
 DH 48, handle, nozzles, internal gasket, and associated bottles 
 DH 95 boat or bridge mounted sampler, nozzles, and associated bottles 
 Acid wash and DI rinse for DH48 bottles 
 GPS Unit and batteries 
 HOBO temperature loggers (10) 

 
ITEMS FOR FLOW MONITORING 
 Marsh McBirney Velocity Meter (2)-lab calibrated (set to m sec-1) 
 Top Setting Rod (2) 
 Sounding weight and Marsh McBirney attachment 
 Bank pins 
 Steel fence posts (2) 
 Small sledge hammer 
 100 meters steel cable or rope 
 100 meter fiberglass tape (m) 
 Bushnell Laser Range Finder 
 Grey painted plywood “target”  (4’` X 6’) 
 GPS Unit and batteries 
 Waders 

 
ITEMS FOR DIGITAL STAGE RECORDER INSTALLATION 
 Tru-tracks (2) 

o Spare Batteries 
 Stilling well housing and Tru-track attachment accessories (2) 
 Staff gage (2) 
 Casing pounder 
 Ladder 
 Laptop with Tru-track software 
 Laptop-to-Tru-track cable 
 Rebar hub 
 Small sledge hammer 
 Laser-level, tripod and batteries 
 Fiberglass survey rod 
 Waders 

 



 

 

 
ITEMS FOR REAL-TIME MONITORING 
 Calibrated YSI 6600ED sonde (1) 

o Calibration Solutions (pH) 
o Spare Batteries 
o Clamp for YSI sonde (3.5 “ grip) 

 YSI deployment apparatus (1) 
 SS cable (miminum of 100 ft) 
 Swage tool and swage locks 
 Cable cutter 
 Shovel 
 Heavy blocks with eyebolt for non-bridge deployment 
 Laptop with Ecowatch 
 Laptop-to-sonde cable 
 650 hand-held YSI with barometer 
 650-to-sonde cable 
 Boat hook with special hook on end to catch cables 
 Fence posts or bricks to hold data temp loggers 
 Zip ties 
 Small sledge hammer 
 Weather Station (for initial deployment) 

 
ITEMS FOR SOD MEASUREMENT 
 Ball-check core sampler 
 Core tubes 
 Core transport apparatus 
 Ice chest (1)  
 YSI 85 (2) 
 10% HCl and DI water rinse between sites 
 Van dorn sampler 
 

ITEMS FOR DO WINKLER TITRATIONS 
 Solutions - Manganese sulfate solution, Alkalie-Azide reagent, Standard sodium 

thiosulfate titrant, Starch indicator solution  (eye dropper), 10% HCl solution, DI water, 
Concentrated H2SO4 

 Carboy for waste chemicals (1) 
 100 ml volumetric pipette (2) and bulb 
 50 ml burette with stop-cock 
 Ring stand and burette clamp 
 Stirrer plate 
 250 Erlenmeyer flasks (4) and stirrer rods 
 Ice chest and ice 
 300 ml  dark BOD bottles (9) and holder caps 
 300 ml light BOD bottles (9) and holder caps 
 Rack to hold BOD bottles (2) 
 Lind (1979) book 



 

 

BOAT SPECIFIC ITEMS AND GENERAL ITEMS 
 Coast Guard approved PFDs for each person 
 Type-IV throwable floatation device  
 Oars 
 Bailing device, additional to bilge pump 
 Horizontally-mounted fire extinguisher (for fires type A, B and C) 
 Airhorn 
 Flares (visual distress signal) 
 Winch/boom apparatus for benthic grabs, velocity measurements, etc. 
 Claw-type anchor and mushroom anchor with chain and rope 
 Sea Anchor 
 Rope (200 feet) 
 Bimini and boat cover 
 Grease gun 
 2-cycle oil (4 qts) 
 Extra 12 v batteries (2) 
 Large cleat on bow to secure anchor line 
 Wilderness First Aid kit 
 USCG book, First Aid book 
 Cell Phone  
 Digital Camera 
 Calculators 
 Electronic depth finder 
 5-10 gallons gasoline 

 
BOAT USE: 
A Jon boat (mod-V hull with tunnel) equipped with an outboard jet will be used to do some/all of 
the fieldwork. Considerations for boat operation include the following: 
 
Boat Operation and Safety Training - All field staff in the boat will be required to wear their 
life preserver at all times. All project participants who will operate the boat have completed a 
boating safety class offered by the U.S. Coast Guard Auxiliary. A copy of the Coast Guard 
textbook from the course (USCG 2006) will be carried to the field and kept in the boat. Montana 
boating regulations available at: http://fwp.mt.gov/fishing/regulations/boatrestrictions.html will 
be reviewed by all project participants who will be in the boat. Participants who will operate the 
boat will familiarize themselves with the boat & motor operation prior to use.  
 
Intended Usage of Boat - The boat will be launched as close as is reasonably possible to each 
sampling site and will be anchored in place at points where measurements are made along 
transects. One individual on the boat will be assigned as a lookout for other boats on the river at 
times when the boat is anchored in the river. 
 
USCG (United States Coast Guard), 2006.  Boating Skills and Seamanship, 13th Edition.  United States 

Coast Guard Auxiliary, Camden, ME.  404 p. 
 
Lind, O. T., 1979.  Handbook of Common Methods in Limnology, 2nd Edition.  The C. V. Mosby 

Company, St. Louis, p. 199. 

http://fwp.mt.gov/fishing/regulations/boatrestrictions.html�


 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
Appendix C                   Inventory of Project Activities by Site  
 
 
 
 
 
 



 

 

 
 
After completing an activity, place an X in the circle. Include dates where indicated. 

  Grab-EWI hybrid Water Samples             Channel Dimensions                         Benthics                    Rate Measurements Other These activities occur on trips prior to and after sampling runs 1, 2

SITE NAME Sampling Trip
Field WQ 

Param
Nutrients              

(diss., total)
TSS-
VSS CBOD Alk Flow Mean Depth Wetted Width

Benthic Chl a & 
AFDW     (11-15 

trnscts)

% bottom with 
heavy algae cover 

(11 trnscts) % bottom SOD
Lab 
SOD

Phyto photosynthesis-
resp., light/dark bottles 

(Winkler)

Benthic photosynthesis-
resp., light/dark bottles 

(Winkler)
YSI 85: Cross-
check sondes

YSI 6600 EDS sondes:  
Long-term deploy.  In, out

Temperature (HOBO 
logger) in, out Trutrack in, out Weather Station in, out

Missouri River Sites

1 O O us / O ds  O us / O ds  O us / O ds  O us / O ds  O Date in:________

2 O us / O ds  O us / O ds  O us / O ds  O us / O ds  O Date out:_______

1 O us / O ds  O us / O ds  O us / O ds  O us / O ds  O us / O ds  O O O O O Date in:________

2 O us / O ds  O us / O ds  O us / O ds  O us / O ds  O us / O ds  O O O O Date out:_______

1 O us / O ds  O us / O ds  O us / O ds  O us / O ds  O Date in:________

2 O us / O ds  O us / O ds  O us / O ds  O us / O ds  O Date out:_______

1 O us / O ds  O us / O ds  O us / O ds  O us / O ds  O
2 O us / O ds  O us / O ds  O us / O ds  O us / O ds  

1 O us / O ds  O us / O ds  O us / O ds  O us / O ds  

2 O us / O ds  O us / O ds  O us / O ds  O us / O ds  

1 O us / O ds  O us / O ds  O us / O ds  O us / O ds  O O
2 O us / O ds  O us / O ds  O us / O ds  O us / O ds  O O
1 O O us / O ds  O us / O ds  O us / O ds  O us / O ds  O Date in:________

2 O us / O ds  O us / O ds  O us / O ds  O us / O ds  O Date out:_______

Tributaries & Irrigation Canals

1 O O O O O O
2 O O O O O O
1 O O O O O O
2 O O O O O O
1 O
2 O
1 O O O O O O
2 O O O O O O
1 O O O O O O
2 O O O O O O
1 O O O O O O
2 O O O O O O
1 O O O O O O
2 O O O O O O
1 O
2 O
1 O
2 O
1 O O O O O O
2 O O O O O O

Waste Water Treatment Plant Effluent

1 O O O O O O
2 O O O O O O
1 O O O O O O
2 O O O O O O

Headwaters FAS

DS Hwy 287 Bridge

Deepdale FAS (US York Islands)

Toston Dam Recreation Area

US Sixteen Mile Creek

Montana Ditch

Deep Creek

Greyson Creek

Townsend Sewage Lagoon

Holnam, Inc. Effluent

Broadwater Missouri River Canal

Sixteen Mile Creek

Toston Bridge FAS

Fairweather FAS

Dry Creek

Broadwater Missouri West Site Rtn

Crow Creek (3 channel composite)

Toston Canal (Crow Creek Pump)

Indian Creek

                   



 

 

 
 
Appendix D                            Field Forms  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Site Visit Form 
(One Station per page) 

 

Date:  Time:  Personnel:  
Waterbody:   Location:  
Station ID:   Visit #:  HUC:  County:  
Latitude:               .                      Longitude:       9                      .                      Lat/Long Verified?  By:       9  
Elevation (m):  GPS Datum: NAD27    NAD83    WGS84 

 

Samples Collected: Sample ID (Provide for all samples): Sample Collection Information/Preservation: 
Water   GRAB 
   Analysis:     Preservative: HNO3     H2SO4     HCL     None 
   Analysis:     Preservative: HNO3     H2SO4     HCL     None 
   Analysis:     Preservative: HNO3     H2SO4     HCL     None 
   Analysis:     Preservative: HNO3     H2SO4     HCL     None 
   Analysis:     Preservative: HNO3     H2SO4     HCL     None 
Sediment   SED-1 
   Analysis:     Preservative: None     Other: 
   Analysis:     Preservative: None     Other: 
Chlorophyll-a   C=Core  H=Hoop  T=Template  N= No Sample 
   Transect: 1           2           3           4           5           6           7           8           9           10           11         . 
Phytoplankton   PHYTOPLANK     Volume Filtered (mL): 
Algae   PERI-1     OTHER: 
Macroinvert.   KICK     HESS     JAB     OTHER: 
   Kick/Jab Length (ft): Kick Duration/# Jabs: # of Jars: Mesh Size: 1200    1000    500    OTHER: 

 

Field Measurements: Field Assessments: 
Temp: W             °C   °F A             °C   °F Macroinvertebrate Assessment  
pH:  Habitat Assessment: Reach Scale      Site Scale  
SC: (umho/cm)  EMAP Assessment  
DO: (mg/L)  Substrate: Pebble Count      Percent Fines      RSI  
Turbidity: Clear      Slight      Turbid      Opaque  Channel Cross-Section  
Flow: (cfs)  Photographs: Digital      Film  
Flow Method: Meter    Float    Gage    Visual Est.  Other Assessments: 
Flow Comments: Dry Bed    No Measurable Flow   

 

Site Visit Comments: 
 
 
 

 

Chemistry Lab Information: 
Lab Samples Submitted to: Account #: Date Submitted: 
Invoice Address:  
Contact Name & Phone:  
EDD     Format: SIM Compatible Term Contract Number:  
Relinquished By & Date/Time: Shipped By & Date/Time: Received By & Date/Time: 

Relinquished By & Date/Time: Shipped By & Date/Time: Received By & Date/Time: 

Lab Use Only - Delivery Temperature (°C):                 f                            

STORET Project ID:_______________  

Rev. 8/2006 

Trip ID :_______________ 

 

   



 

 

Site Visit Form Instructions 
1. STORET Project ID: Enter the Project ID assigned to this site visit. 
2. Trip ID: Enter the Trip ID assigned to this site visit. 
3. Date/Time: Enter the date and time of the station visit. 
4. Personnel: Enter the first and last name(s) of the personnel conducting field activities. 
5. Waterbody: Enter the name of the waterbody such as “Missouri River”.   
6. Location: Description of sample location such as “upstream from bridge on Forest Service road 100”.  

For confidentiality please DO NOT
7. Station ID: Enter the assigned Station ID, or leave blank to assign an ID when back from the field. 

 use proper names of people in the location field.  

8. Visit #: Enter “1” if this is a new station. Leave blank if visit number is unknown. 
9. HUC: Enter the fourth code (8 digit) HUC the station falls within.  
10. County: Enter the county in which the station falls within. 
11. Lat/Long: Latitude and Longitudes should be obtained in decimal degrees using a GPS unit reading 

NAD83 whenever possible.  If a lat/long is obtained by another method, the datum and method must 
be recorded in the Site Visit Comments. 

12. Lat/Long Verified: Latitudes and Longitudes should be verified immediately

• Do not make minor adjustments to measured values during verification; they are assumed 
to be correct within the limitations of the measurement system.   

 upon return from the 
field.  Verify by plotting on a paper map or using a mapping website.  Once the lat/long has been 
verified check the Verified box and enter initials after “By”.  

• Gross errors should be corrected as follows: 1) Draw a single line through the erroneous 
value(s) and initial.  Do not erase the original reading.  2) Write the corrected value in the 
comment field along with the method and datum used to derive the corrected value. 

13. Elevation: Record elevation collected by GPS and circle the GPS datum used.  If elevation is 
obtained by another method, the datum and method must be recorded in the Site Visit Comments. 

14. Samples Collected: Check the box next to each activity that is collected during the station visit. 
15. Sample ID: Write the Sample ID for all of the samples collected. 
16. Sample Collection Procedure: Circle the appropriate Sample Collection Procedure ID. 

• For Chlorophyll-a, record the sample collection ID for each transect in the spaces 
provided. 

17. Analysis Requested: Record the requested laboratory analysis for each chemistry sample and circle 
the preservative used. 

18. Field Measurements: Record your field measurements in the spaces provided. 
19. Field Assessments: Check the boxes next to each type of field assessment completed. 
20. Site Visit Comments: Record general comments about the station visit, samples, and field 

measurements. 
21. Chemistry Lab Information: If chemistry lab samples were taken, complete this section. 

• Lab Samples Submitted to: Enter name of laboratory where samples will be sent. 
• Account #: Enter account number at laboratory where samples will be sent. 
• Date Submitted: Record date the samples were received by the laboratory. 
• Sign and date the form each time the samples change possession. 
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