Water Resources of the Upper
Missouri River Basin

An Overview
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Presentation Notes
Upper Basin is topographically mountains and valleys while lower basin includes Great Plains, while a lot of the water supply still comes from the Rocky Mountain Front.
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An example of an upper Basin stream
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An example of a stream lower in the basin.


Precipitation




Upper Missouri Basin Average
Annual Precipitation (1971-2000)
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Precipitation, Inches
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Presentation Notes
Precipitation drives streamflow and is a function of elevation.
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As elevation increases, so does streamflow. This shows the importance of our high elevations areas to the water supply for irrigation.
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Have to keep in mind the importance of snow.
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Presentation Notes
There is a substantial snow pack monitoring system maintained by the NRCS. This is used, among other things, to produce runoff projections for the spring and summer.  Many of the stations are in the Missouri basin.


Normal 1st of Month Snow Water Equivalents for Carrot Basin Snowtel Site
Madison Range; Elevation of 9,000 feet
Average Annual Precipitation = 43 inches
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Presentation Notes
This graph shows what might be typical for our highest elevations, above 9,000 feet, in southwestern Montana. Snowpack generally peaks about the end of April first of May. For this station, the greatest melt occurs during June. For lower elevation stations, more of the melt would occur during May.


Streamflow
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We have a comprehensive streamflow monitoring network maintained by USGS. Reclamation, DNRC and others also gage streams.


Flow in Cubic Feet Per Second
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Presentation Notes
In the headwaters, our flow peaks with our snowmelt—typically early June in the case of the Gallatin.
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Of course, that peak time can vary by year.
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When we get lower in the basin, the peak time is more variable, and prairie runoff can be more important.
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Taking a look at effects of some of the major water uses on streamflow, in this case irrigation.
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Presentation Notes
During the peak runoff season of good years in the Gallatin, irrigation withdrawals don’t deplete flows substantially. Depletions are highest during the irrigation demand peak in late July and August. After that, withdrawals decline and irrigation return flows will increase base flows. 


Canyon Ferry Reservoirs

Photos from
U.S. Bureau of Reclamation
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Reservoir operations also have a substantial affect, with Canyon Ferry being the largest in the system.


CANYON FERRY RESERVOIR ALLOCATIONS

Dam Crest
Elev. 3808.5

Maximum Water Surface or Top of Flood Control Elev. 3800.0 (1,992,977 Acre - Feet)

Exclusive Flood Control - 101,089 Acre - Feet I
Top of Joint Use Elev. 3797.0 (1,891,888 Acre - Feet)

Replacement - 445,564 Acre - Feet

Joint Use - 794,289 Acre - Feet
r\ Bottom of Replacement Elev. 3783.0

Top of Active Conservation Elev. 3770.0 (1,097,599 Acre - Feet)
E
Spillway Crest Elev. 3766.0
Active Conservation - 701,568 Acre - Feet
FISH WILDLIFE RECREATION IﬁRIGATIOH POWER  MUNICIPAL  INDUSTRIAL

r Top of Inactive Conservation Elev. 3728.0 (396,031 Acre - Feet)

Powerplant Penstock Elev. 3706.03 —»
Helena Valley Penstock Elev. 3690.0

Inactive Conservation - 394,971 Acre - Feet

River Outlet Elev. 3853.5

Revised
r Top of Dead Elev. 3650.0 (1,060 Acre - Feet)

10/16/2012

DEAD - 1,060 Acre - Feet

f streambed Elev. 3636.5 ,
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This diagram gets complicated when we look at it, but lets focus on the Joint Use zone, which is where most of the storage utilizations occurs.
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Presentation Notes
As we can see, most years Canyon Ferry fills and it usually is operated within the Joint use zone. In other words, about 800,000 acre-feet is being stored and later released during a typical year. Average flow would be 3.9 million acre feet, so reservoir stores half of the average annual flow. 


Flow in Cubic Feet Per Second
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The overall effects of Canyon Ferry operations are to reduce peak flows and to increase the flow base during the mid-summer through winter periods. These effects are realized all the way down to Ft. Peck Reservoir. Canyon Ferry storage capacity is about 


Discharge in CFS
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Tiber Reservoir doesn’t store as much water as Canyon Ferry Reservoir (about 1.5 million acre-feet versus 2 million for Canyon Ferry) but it is much larger relative to the annual volume produced by the source (the Marias River produces about 650,000 acre-feet). It stores about 2.5 times the average annual flow of the Marias River so reservoir operations are capable of entirely reregulating the flow of the stream, at least during drier years.


Surface Water-Ground Water
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Presentation Notes
Base flow is that portion of the stream flow that is supported by relatively consistent, ground-water inflows.


Flow in Cubic Feet Per Second

Ruby River above Reservoir
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Base flow really is occurring all of the time but it is most apparent during the fall, winter, and early spring after snowmelt runoff has stopped and surface water inflows are minimal.


Gaining Stream

Unsaturated Zone

Source: US Geological Survey

Losing Stream
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Of course, this is the case of gaining streams, especially in lower elevation areas, water can move from the stream into the groundwater system. Or you can have alternating gaining and losing sections of stream.
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To give you an example of how this might be important in our basin we’ll take a look at the intermountain basins in southwestern Montana where streams flow through alluvial aquifers where the water table typically is close to the surface. In this case we will look closer at the Upper Beaverhead River basin.


Beaverhead Valley Groundwater Elevations 1996
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Presentation Notes
Water table elevation contours generally parallel the streams, indicating that the groundwater flow direction is down valley. What complicates this situation is that wells, the red dots, are pumping water and removing it from the aquifer, while leakage from canals and surface irrigation can recharge the aquifer.


Beaverhead Valley General Groundwater Flow Directions

Figure 11. General Groundwater Flow Direction
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Overall the flow of groundwater is towards the river, but this does bring up some considerations concerning the joint management of groundwater and surface water.


Questions?
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