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Using these baseflow values and concentration estimates, an additional Estimator model
was computed to provide estimated baseflow loads. Five years of results from this
analysis are shown in Figure 12. Annual and monthly baseflow load estimates are
provided in Appendix C, alongside their 95 percent confidence intervals, standard errors,
and standard errors of prediction. On average, 26,200 tons/year (95% Confidence
Interval of 24,000 to 28,700 tons/year) of baseflow-associated total dissolved solids pass
through the channel of the Rt. 666 streamgage. The estimated annual load had a variation
of 8000 tons/year in 1977 (77 percent of the total load) to 38,700 tons/year in 1983 (53
percent of the total load) for the 30 years of record. The median was 28,000 tons/year
and the standard deviation was 8500 tons per year. Baseflow percent of total load varied
from 41 to 100 percent (actually, a bit above 100 percent, which reflects some
inaccuracies in this baseflow separation loading technique).

The average loading value of 26,200 tons/year changed slightly from the previous
estimate of 26,800 tons/year due to the use of a water year average (October through
September) instead of an irrigation year average (November through October). Due to
limitations in the Estimator coding, this change was necessary to provide confidence
limits and standard errors of prediction for the estimates. Considering the uncertainty
involved in such analyses, these two numbers should be considered identical.

According to the analysis, the maximum likely irrigation return flow contribution to
salinity averages 26,200 tons per year from 1969 through 1998. This 26,200 tons, or 62
percent of the total load of 42,300 tons/year, can be considered the return flow total
dissolved solid upper limit.

Additional Baseflow Dissolved Solid Mass-Flux Computations

Sparse discharge and total dissolved solid concentration measurements have been taken
in the lower Mancos Valley, on both Mancos River and Webber Drainage just above their
confluence. These data can be analyzed to determine an approximate baseflow
contribution to total flow. Since these values are sparse, they do not represent the full
range in magnitude of baseflow expected from the valley. However, such an estimate can
be helpful for verification purposes.

Weber Creek has had 39 data points collected for total dissolved solids, with an
associated 20 measurements of discharge. Data for concentration was collected from
1980-2001, with discharge related measurements taken from 1997-2001. No significant
quarterly variation in TDS concentration and discharge was observed. Hence, spring
runoff flow and summer monsoon flow are not evident in the record and the majority of
this flow in Webber Creek is probably from irrigation sources. Using the average values
of 1924 mg/I total dissolved solids and 3.36 cfs, and assuming that this average flow
represents 1.8 cfs of irrigation return flow and 1.6 cfs tailwater runoff, average baseflow
load is 6400 US tons/year.

Mancos River has 43 data points collected for total dissolved solids, with an associated
20 measurements of discharge. Data for concentration was collected from 1972-73,
1980-81, and 1995-2001, with discharge related measurements taken from 1972-73 and
1995-2001. Data were collected during both high and low runoff periods. Low and high
discharge data were separated and averages for the baseflow period (9 data points) were
computed. Using the average low flow values of 1599 mg/1 total dissolved solid
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concentration and 5.06 cfs, and assuming that 1/5 of the flow (likely high, considering the
synoptics) is from natural sources, 2.16 cfs is from deep percolation, 1.89 cfs is from
tailwater runoff, and 1.01 cfs is natural baseflow, the average load from irrigation in the
Mancos River above Weber Drainage is 7800 tons/year.

From this, the estimated total average irrigation load from Mancos and Weber creeks is
14,200 tons/year, or 34% of the annual average salt load at Rt. 666. Due to the limited
data and necessary assumptions, this estimate should be considered very approximate.
But it does provide a likely lower range limit for irrigation contribution to salt loading in
the Mancos River.
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SUMMARY AND CONCLUSIONS

The Mancos Valley is an agricultural valley located in the lower portions of a 203 square
mile Mancos River watershed. As of 1994, there were 14,900 acres being used for
agriculture, of which 11,700 acres were irrigated. Of this irrigated area, 9900 acres are
irrigated by flood practices while 1800 acres are irrigated by sprinklers. Irrigation water
is diverted at approximately 46 locations of the Mancos River and its tributaries with an
average diverted volume of 42,100 ac-ft. The average system efficiency was found to be
32 percent.

Exposures of Mancos Shale are extensive in the watershed. The low gentle folds of this
formation are interspersed by faults and uplift of a few hundreds of feet or less. These
uplift features appear to have a direct relationship to salt yield from the watershed. It
appears that the lower portion of the unit is extremely salty while upper portions contain
moderate to low levels of salt. This variability in salt availability can also be observed in
soil conductivity data collected throughout the valley.

Water quantity and quality data have been collected by various federal and state agencies
and the Ute Mountain Reservation. In addition to this, several synoptics were conducted
in 2001. These data were interpreted to quantify and partition (between sources) salt
loading in the valley.

Typical dissolved solids content in the Mancos River consists of (from the typical highest
to lowest contribution) sulfate, calcium, sodium, magnesium, chloride and potassium.
The upper reaches (above most of the irrigated agriculture) tend to have more magnesium
than sodium content and a much lower sulfate proportion.

A relatively sparse selenium record has been gathered in the Mancos Watershed.
Seventy-five samples on the main stem Mancos have found a maximum concentration of
12 ug/l, though the majority of the samples collected had undetectable concentrations.
Mud Creek basin values were the highest, at up to 104 ug/l. The Colorado State Water
Quality Control Commission has designated a chronic criteria of 5 ug/l while the EPA’s
drinking water maximum contaminant level is 50 ug/I.

The synoptics of 2001 indicated total dissolved solid concentrations ranging from 32 to
3070 mg/l. The results from earlier (1979-81) NRCS synoptics indicate a similar range,
though some higher values were noted in the Mud and Weber watersheds. Baseflow
concentrations, load, and concentration gradients all indicate a zone of high salinity
contribution (a “hot zone”) in a strip of land passing from the northwest to the southeast,
with lesser to little contribution outside of this zone. For example, instantaneous total
dissolved solid load during synoptic 3 increased from 2070 kg/day at the Mancos River at
the Mancos gage, to 11,000 kg/day above the Mud Creek confluence, to 39,900 kg/day
below the Weber Drainage confluence. Below this point the salt concentration increased
from 1470 mg/1 to only 1530 mg/I, despite passing through 40 miles of stream channel.
The synoptic collected load data across the hot zone, illuminating areas of high salt
contribution. Specifically, the Mud Creek reaches, the Mancos River reach between
Mancos to a bit below the Mud Creek confluence, and the upper Weber Drainage appear
to be large salt contribution areas. Agricultural land to the immediate northeast of this
zone appears to be a moderate contributor of salt, while land above the town of Mancos
appears to contribute only slightly to the river’s salt load. There does not appear to be
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significant contribution of salt downstream of the agricultural portion of the watershed.
These observations and interpretations agree with the geologic mapping and soil
conductivity levels in the basin. Interestingly, the soil conductivity measurements also
shows this hot zone continuing across the drainage divide into the vicinity of Dolores,
which has been shown in previous salinity control studies to be a large contributor of salt.

The streamgage on the Mancos River at Rt. 666, with a drainage area of 526 square
miles, has the most data available for analysis. The watershed between the Mancos
Valley and this gage is relatively dry, with average precipitation raging from 9 to 21
inches, in comparison to the valley’s watershed range of 15 to 41 inches. Mean daily
flow at this gage is 48 cfs, with a peak average daily flow of 1890 cfs. On average,
44,400 ac-ft of water pass this gage per year. This volume is only slightly more than the
average flow diverted in the Mancos Valley. Approximately 400 field measurements and
water sample analyses were performed at this site. Using this data, total dissolved solid
load was computed using a seven-parameter regression model for thirty years of record
and an average load of 42,300 tons/year was estimated. This value agrees remarkably
well with the previous estimate of 43,000 tons/year (SCS 1984). A baseflow separation
was also performed and an average load of 26,200 tons/year was estimated. These load
estimates may not account for all sources, specifically the first flush of salts from stream
channels and any salts not yet dissolved in suspended sediment and bed load passing the
gaging station. Additionally, it should be noted that this average baseflow load changed
slightly from the previous estimate of 26,800 tons/year due to the use of a water year
average instead of an irrigation year average. This change was necessary to provide
confidence limits and standard errors of prediction for the estimates. Considering the
uncertainty involved in such analyses, these two numbers should be considered identical.

The baseflow concentrations, load, and concentration gradients of the synoptics support a
hypothesis that a major majority of baseflow salt load leaving the Mancos Valley is from
irrigation return flow. These synoptics also indicate that little additional baseflow is
yielded from the lower Mancos at Rt. 666 watershed. The exclusion of first flush salt
flows and undissolved salts derived from sediments mobilized from crop and range lands
from the load computations adds support to the selection of this relatively high salt yield.
Hence, the baseflow dissolved salt loading estimate of 26,200 tons is a reasonable
estimate for irrigation return flows

Therefore, this study recommends the use of an average annual load estimate from
irrigation practices of 26,000 tons. The value was rounded to two significant figures to
reflect the appropriate degree of certainty. This recommendation is based upon best
professional judgement, using available data. If greater certainty is desired, additional
data and analysis will be required.

NRCS Northern Plains Engineering Team 32 of 33 3/22/2004



REFERENCES

Bradu, D., and Mundlak, Y. 1970 Estimation of lognormal linear models Journal of the
American Statistical Association, 65 (329), p. 198-211.

Colorado Decision Support System 2001 Irrigation Diversion Data
http://cdss.state.co.us/db/viewdata_stations.asp.

Cohn, T.A. 1988 Adjusted maximum likelihood estimation of the moments of lognormal
populations from type I censored samples U.S. Geological Survey Open-File Report
88-350, 34 p.

Cohn, T.A., Delong, L.L., Gilroy, E.J., Hirsch, R.M., and Wells, D. 1989 Estimating
constituent loads: Water Resources Research v.25,n0. 5, p. 937-942.

Cohn, T.A., Caulder, D.L., Gilroy, E.J., Zynjuk, L.D., and Summers, R.M. 1992 The
validity of a simple log-linear model for estimating fluvial constituent loads: An

empirical study involving nutrient loads entering Chesapeake Bay
Water Resources Research, v. 28, no. 9, p. 2,353-2,364.

Darrell, L.C., Majedi, B.F., Lizarraga, J.S., and Blomquist, J.D. 1999 Nutrient and
suspended-sediment concentrations, trends, loads, and yields from the nontidal part
of the Susquehanna, Potomac, Patuxent and Choptank Rivers, 1985-96 U.S.
Geological Survey Water-Resources Investigations Report 98-4177, 38 p.

Gilroy, E.J., Hirsch, R.M., and Cohn, T.A. 1990 Mean square error of regression-based
constituent transport estimates Water Resources Research, v. 26, no. 9, p. 2,069—
2,077.

Lang, D.J., 1982 Water quality of the three major tributaries to the Chesapeake Bay, the
Susquehanna, Potomac, and James Rivers January 1979 — April 1981: U.S.
Geological Survey Water-Resources Investigations Report 82-32, 64 p.

Natural Resources Conservation Service 2003 Soil Survey: Cortez Area, parts of Dolores
and Montezuma Counties U.S. Department of Agriculture.

Riggle, F. 2004 Personal Communications, February 19.

Robertson D.M. and Roerish, E.D. 1999 Influence of various water quality sampling
strategies on load estimates for small streams Water Resources Research, Vol. 35,
NO. 12, December, p. 3747-3759.

Soil Conservation Service 1984 Irrigation Improvements: Mancos Valley Salinity
Control Study prepared by Soil Conservation Service with the assistance of the
Agricultural Stabilization and Conservation Service and the Agriculture Research
Service of the United States Department of Agriculture.

Tweto, O. 1979 Geologic Map of Colorado U.S. Geologic Survey; Reston, Virginia.

U.S. Bureau of Reclamation 1994 Crop Type on Irrigated Land Arc/Info coverages
populated for CRDSS as part of Task 1.06 and 2.03 Spatial Database Development,
Lower Colorado Group of USBR.

Yochum, S.E. 2000 4 Revised Load Estimation Procedure for the Susquehanna,
Potomac, Patuxent, and Choptank Rivers U.S. Geological Survey Water-Resources
Investigations Report 00-4156, 49 p.

NRCS Northern Plains Engineering Team 33 of 33 3/22/2004



	Mancos Valley Salinity: Hydrologic Study Report

