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INTRODUCTION

Yellowtail Afterbay Dam and Reservoir are located 2.2 miles below Yellowtail Dam near Fort
Smith, Montana. The Yellowtail Afterbay Dam and Reservoir are used to smooth out fluctuating
discharges from the Yellowtail Powerplant and as a diversion structure to the Bighorn Canal.
The original reported storage for the reservoir was around 3,130 acre-feet at elevation 3,192.0

feet!.

The primary objectives of the June 2000 survey were to gather data needed to develop reservoir
topography and compute area-capacity relationships for the Yellowtail Afterbay reservoir. Prior
to the underwater survey, a 1997 ground and aernial photography survey was conducted at the Fort
Smith government camp. The survey covered the Yellowtail Afterbay at water surface elevation
3,190.0 and above. The 1997 established global positioning system (GPS) control points were
used as the control network for the 2000 underwater survey. The horizontal control was
established in a local coordinate system that was tied to Montana State plane coordinates in the
North American Datum of 1983 (NADS83). The vertical control was in the National Geodetic
Vertical Datum of 1929 (NGVD29). The detailed contours were developed with the local
horizontal coordinates that required a shifting of the 2000 underwater survey data points to match

the 1997 survey.

The bathymetric survey was run using sonic depth recording equipment interfaced with a
differential GPS capable of determining sounding locations within the reservoir. The system
continuously recorded depth and horizontal coordinates of the survey vessel as it was navigated
around Yellowtail Afterbay. Water surface elevations recorded by a Reclamation gauge during
the time of collection and measured by the GPS system were used to convert the sonic depth
measurements to true reservoir bottom elevations.

Table 1 contains a summary of the 2000 Yellowtail Afterbay Reservoir survey. The 2000 survey
determined that the reservoir has a total storage capacity of 2,877 acre-feet and a surface area of
around 176 acres at reservoir elevation 3,192.0.

HYDROGRAPHIC SURVEY EQUIPMENT AND METHOD

The hydrographic survey equipment was mounted on an 18-foot raft with an outboard motor
(figurel). The hydrographic system included a GPS receiver with a built-in radio, a depth
sounder, a helmsman display for navigation, a computer, and hydrographic system software for
collecting the underwater data. On-board batteries supplied power to all the equipment. The
shore equipment included a second GPS receiver with an external radio. The GPS receiver and
antenna were mounted on a survey tripod over a known datum point and a 12-volt battery
provided the power for the shore unit.

! Elevation levels are shown in feet and are based on the National Geodetic Vertical Datum of 1929 (NGVD29).



Figure 1 - Survey vessel with mounted hydrographic equipment

The Sedimentation and River Hydraulics Group uses Real-time Kinematic (RTK) GPS with the
major benefit being the ability to measure precise heights in real time to monitor the water
surface elevation changes. The basic outputs from an RTK receiver are precise 3D coordinates in
latitude, longitude, and height with accuracies in the order of 2 centimeters horizontally and 3
centimeters vertically. This output was on the GPS datum of WGS-84 that the hydrographic
collection software converted into Montana’s NADB83 state plane coordinate system. The RTK
GPS system employs two receivers that track the same satellites simultaneously just like with
differential GPS. The shore base unit was placed over the 1997 aerial survey point labeled “12”
located upstream of the left abutment of the afterbay dam with the following coordinates:

Montana’s State Plane in NAD1983 (Grid North)

North 119,826.22 meters
East 723.625.27 meters

Local Ground Feet (True North)

North  393,147.00
East 2,374,873.78
Elevation 3,204.27



The bearings were referenced to True North based on GPS observations and rotated about
(+) 1.1403 degrees from the grid bearings.

The underwater data were collected by a depth sounder that was calibrated by lowering a 25-foot
survey rod below the sounders transducer. This was accomplished by tying the survey vessel at
several locations along the buoy line just upstream of the dam. The depth sounder was calibrated
by adjusting the speed of sound, which can vary with density, salinity, temperature, turbidity, and
other conditions to match the known bottom depth. The collected data were digitally transmitted
to the computer collection system via a RS-232 port. The depth sounder also produced an analog
hard-copy chart of the measured depths. These graphed analog charts were printed for all survey
lines as the data were collected and recorded by the computer. The charts were analyzed during
post-processing, and when the analog charted depths indicated a difference from the recorded
computer bottom depths, the computer data files were modified. The water surface elevations at
the dam recorded by a Reclamation gage at 15-minute intervals and the RTK GPS elevation
measurements were used to convert the sonic depth measurements to true lake-bottom elevations.
These vertical measurements were absolutely critical for this study since the water surface
fluctuated continuously throughout the survey.

The small flat bottom survey vessel allowed collection in the shallow portions of the reservoir,
but due to limited power of the survey vessel and underwater turbulence conditions the collection
ended about 1,400 feet below Yellowtail Dam. Even if the vessel could have progressed safely
further upstream, the dam would have eventually hindered the collection of the GPS
measurements and the underwater turbulence from the power releases would have prevented the
depth sounder from obtaining good bottom depth readings.

RESERVOIR AREA AND CAPACITY

Using ARC/INFO the topography of Yellowtail Afterbay was developed from the 1997 aenal
data and the 2000 underwater data set. ARC/INFO is a software package for development and
analysis of geographic information system (GIS) layers and development of interactive GIS
applications that provided a means of organizing and interpreting these data sets. The 1997 data
was provided in a digital format, but the contour of the reservoir water surface, elevation 3,190.0,
was not a complete contour and did not provide all the island details as illustrated on the hard
copy maps. For the purpose of this study, the 3190 contour was digitized from the several maps
that represented the reservoir. The aerial contours were projected to a local coordinate system
that had ties to Montana's NAD 1983 state plane coordinates. The resulting enclosed 3,190.0
contour provided a surface area at this elevation and was also used to provide a clip or boundary
around the edge of the underwater data set such that interpolation was not allowed to occur
outside of this boundary. This clip was performed using the hardclip option of the ARC/INFO
CREATETIN command. This clip was selected because it was the closest available contour
elevation to the reservoir water surface during the underwater collection that was conducted near

reservoir elevation 3,186.



Using the ARCEDIT command the underwater data and the digitized 3190 contour layers were
plotted. Since the underwater data were in Montana’s state plane coordinates they needed to be
shifted to match the local coordinated system of the aerial contour data. Shifting the underwater
data points 17.2 feet north and 779.9 feet east and rotating the data set, using point 12 as the
pivot point, 1.1403 degrees, completed this. A plot of the adjusted underwater data set found all
points within the 3190 contour boundary along the banks and around the islands.

Contours for elevations 3,190.0 and below were computed from the 2000 underwater data set
using the triangular irregular network (TIN) surface-modeling package within ARC/INFO. The
2000 contour surface areas for Yellowtail Afterbay were computed at 1-foot increments, from
elevation 3,144.0 to 3,190.0, using the developed TIN. The 2000 survey measured the minimum
reservoir elevation at 3,143.3. These calculations were performed using the ARC/INFO
VOLUME command that computes areas at specified elevations directly from the TIN taking
into consideration all regions of equal elevation.

Due to the lack of 2000 underwater data points from the dam to about 1400 feet downstream,
some judgment was used to add points in this area to develop contours and resulting surface
areas in this portion of the reservoir. These points were added using the 3190 clip and the 2000
upper data points as a guide. The surface areas and resulting capacity from the 2000 survey data
and the modified data set are listed on table 1. The contour topography at 2-foot intervals is
presented on figure 2.

2000 Storage Capacity

The storage-elevation relationships based on the measured surface areas were developed using
the area-capacity computer program ACAP85 (Bureau of Reclamation, 1985). The 2000
measured surface areas at 1-foot contour intervals from minimum reservoir elevation 3,145.0 (no
area reported at this elevation) to elevation 3,186.0 and the surface areas of aerial data from
elevation 3,190.0 to elevation 3,210.0 were used as the control parameters for computing the
reservoir capacity. The program can compute an area and capacity at elevation increments 0.01-
to 1.0-foot by linear interpolation between the given contour surface areas. The program begins
by testing the initial capacity equation over successive intervals to ensure that the equation fits
within an allowable error limit that was set at 0.000001. The initial capacity equation is used
over the full range of intervals fitting within this allowable error limit. For the first interval at
which the initial allowable error limit is exceeded, a new capacity equation (integrated from a
basic area curve over that interval) is utilized until it exceeds the error limit. Thus, the capacity
curve is defined by a series of curves, each fitting a certain region of data. Final area equations
are derived by differentiating the capacity equations, which are of second order polynomial form:

y=a;+ ax + a3x2
where:
y = capacity
x = elevation above a reference base
a; = intercept
a, and a; = coefficients



Results of the 2000 Yellowtail Afterbay Reservoir area and capacity computations are listed in
table 1 and 2 and the area-capacity curves plotted on figure 3. As of June 2000, at elevation
3,197.5, crest elevation of embankments, the surface area was 202 acres with a total capacity of
3,902 acre-feet.

REFERENCES
Bureau of Reclamation, 1981. Project Data, Denver Office, Denver CO.

Bureau of Reclamation, 1985. Surface Water Branch, ACAP85 User's Manual, Technical
Service Center, Denver CO.

Environmental Systems Research Institute , Inc. (ESRI), 1992. ARC Command References.



Elevations 2000 Survey 2000 Survey

Adjusted Adjusted
Area Capacity
(feet) (acres) (acre-feet)
3,210.0 258.4 6,813
3,200.0 218.4 4,429
3,198.0 206.7 4,004
3,197.5 202.0 3,902
3,196.0 189.7 3,608
3,194.0 182.3 3,236
3,192.0 176.4 2,877
3,190.0 167.2 2,533
3,186.0 149.7 1,899
3,184.0 144.4 1,605
3,182.0 138.8 1,322
3,180.0 132.0 1,051
3,178.0 120.3 799
3,176.0 103.5 575
3,174.0 82.9 389
3,172.0 56.8 249
3,170.0 39.7 153
3,168.0 28.8 84
3,166.0 16.4 39
3,164.0 6.9 16
3,162.0 2.1 6
3,160.0 1.1 3
3,158.0 0.4 2
3,156.0 0.3 1
3,154.0 0.2 1
3,152.0 0.1 0
3,150.0 0.1 0
3,148.0 0.0 0
3,146.0 0.0 0
3,145.0 0.0 0

Table 1 - Summary of 2000 survey results
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THE AREA TABLE IS IN ACRES

ELEV. FEET
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Area-Capacity Curves for Yellowtail Afterbay
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Figure 2 - 2000 area and capacity curves
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