


Scenario Name Details Project Volume Net Volume Pumped Rate at 2115
= = [af] [af] [afa]
Scenario 1 Ambient 0 0 0
Scenario 2A RGR Starting 2048 475,551 . 475,551 9,482
Scenario 2B RGR Starting 2038 576,769 . 576,769 10,834
Scenario 3 RGR Low + NN Low 340,369 . 815,920 15,175
Scenario 4 RGR Low + NN High 706,600 . 1,182,151 25,240
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TECHNICAL MEMORANDUM
RED GAP RANCH WATER RESOURCES ENVIRONMENTAL
ASSESSMENT
BASEFLOW IN CLEAR CREEK, CHEVELON CREEK AND THE LCR
August 12, 2014

INTRODUCTION

This Technical Memorandum summarizes SGC’s analysis of baseflow in Clear Creek, Chevelon
Creek and the LCR. The purpose of the analysis is to develop an estimated baseflow value in
each stream for use in calibration of the Red Gap Ranch Groundwater Flow Model (RGRGFM).
For this purpose, baseflow is defined as that portion of perennial streamflow that is due to C-
Aquifer groundwater discharge.

FINDINGS

PREVIOUS STUDIES

Previous groundwater flow model studies of the area have used differing estimated values for
baseflow in the Clear and Chevelon Creeks. These values are given in Table 1.

Table 1, Previous Model Estimated Baseflow Values,
Clear Creek and Chevelon Creek

MODEL BASEFLOW (CFS)
Clear Creek Chevelon Creek
HDR 1.7 4
SSPA 4 3
USGS 2005 5.6 27
USGS NARGFM 5.6 2.7

The two USGS model studies relied on measured flow in each stream at stations approximately
one (1) mile upstream from the confluence with the Little Colorado River (LCR) during a
seepage run in the summer of 2005 (USGS, 2005 and 2011). The HDR and SSPA studies used
data from USGS stream gaging stations on Clear Creek (09399000 - Clear Creek near Winslow)
and on Chevelon Creek (09398000 - Chevelon Creek near Winslow). The streamflow data were
subjected to different statistical analyses to arrive at different estimated baseflow values.

| ©



The major groundwater discharge point for the C-Aquifer is ‘Blue Springs’. Blue Springs is a
collection of springs that discharge into the LCR above its confluence with the Colorado River.
Water from these springs issues from the Redwall-Mauv (R-Aquifer) aquifer, but the source is
thought to be downward migration of groundwater from the C-Aquifer (USGS, 2002). Blue
Springs are upstream of the USGS 09402300 - Little Colorado River (LCR) near Desert View
streamflow gaging station.

STREAMFLOW DATA

Perennial stream reaches in the study area have been identified as including the upper and lower
reaches of the Clear Creek and Chevelon Creek and various reaches of the LCR (USGS, 1981).
However, only the lower portions of Clear Creek and Chevelon Creek, the LCR downstream of
the confluence with these two streams and Blue Springs are maintained by C-Aquifer
groundwater discharge. The upper perennial stream reaches are due to surface water runoff in
areas of high precipitation and/or to seepage from reservoirs. C-Aquifer groundwater levels in
these areas are below the bottom of the stream channel (Papadopulos, 2005).

USGS has collected streamflow data for the perennial reaches of Clear Creek, Chevelon Creek
and the LCR. The gaging stations relevant to the quantification of baseflow for this study and
their periods of record are given in Table 2. Locations of the streamflow gages (except LCR
near Desert View) are shown on Figure 1.

Table 2, Relevant Streamflow Gaging Stations

; Daily Data Period of
Site :
Number Site Name Record
Start End

09398000 Chevelon Creek near Winslow, AZ Jan 1906 Dec 2006
09399000 Clear Creek near Winslow, AZ June 1906 Sept 2007
09399100 | Clear Creek blw McHood Lake nr Winslow, AZ | Sept 2005 Sept 2007
09400000 Little Colorado River near Winslow, AZ May 1954 June 1956
09400350 Little Colorado River near Winslow, AZ Dec 2001 Nov 2013
09402300 Little Colorado River near Desert View, AZ May 1990 | March 2014

USGS has also conducted baseflow investigations in Clear Creek, Chevelon Creek and in the
LCR between the confluences of these two tributaries (USGS, 2012). Four (4) separate
investigations have been conducted between 2005 and 2011. A fifth investigation is planned for
fall 2014. These baseflow investigations include streamflow measurements at multiple stations
(seepage runs) and the collection of water quality samples.

These baseflow investigations are especially helpful in identifying the point at which baseflow
starts in Clear Creek and Chevelon Creek and the change in flow throughout the perennial reach
of each stream. Perennial flow in Clear Creek starts about 8.7 miles upstream of its confluence
with the LCR and about 11.6 miles upstream in Chevelon Creek. Flow generally increases
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downstream to the LCR confluence, although the volumes vary significantly between the four
seepage runs. Flow is also affected by the presence of dams on both streams. Backwater from
the dam on Clear Creek (Clear Creek Reservoir aka McHood Lake) reduces measured velocity,
and therefore flow, to nearly zero at 1-mile upstream from the LCR; in Chevelon Creek
measured flow is zero at 3.5 miles upstream due to backwater from a low-water dam about 0.3
miles upstream from the LCR confluence.

The streamflow gage on Chevelon Creek (09398000) is located at Mile 3.0; the gage on Clear
Creek is located at Mile 1.5 upstream from the LCR confluence. Both gages are within the
influence the backwater from the dams on the creeks. However, the gages are rated based on
measured flow at the downstream dams (USGS, 2014). There are also anecdotal reports of
historic upstream diversions above the Clear Greek gage (HDR, 2004 and SSPA, 2005). The
USGS measured flow downstream of the McHood Lake dam from September 2005 through
September 2007 (09399100). This gage measured flow from a cluster of C-Aquifer springs
discharging into Clear Creek below the dam.

ESTIMATE OF BASEFLOW

SGC analyzed the streamflow records for the five (5) stream gages given in Table 2. The winter
median flow is thought to be representative of the baseflow of streams in the study area (USGS,
2014). This period occurs at the end of summer after the monsoon season and before runoff due
to spring snow melt. Evapotranspiration is low, minimizing the potential to underestimate
baseflow. Analysis of the streamflow records suggested that the November to January period
best represented winter baseflow conditions. Table 3 gives the median daily flow values for the
noted streamflow gages for November through January over the period of record for each gage.

Table 3, Winter Baseflow
Nov-Jan
Gage Median Flow

(cfs)
Clear Creek near Winslow, AZ (09399000) 1.4
Clear Creek blw McHood Lake near Winslow, AZ (09399100) 3.8
Chevelon Creek near Winslow, AZ (09398000) 4.0
LCR near Winslow (09400530) 8.7
LCR near Desert View, AZ (09402300) 222

CONCLUSIONS

Based on the findings discussed above, SGC’s proposed estimated baseflow values for use in
calibration of the RGRGFM are given in Table 4.
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Table 4, Model Baseflow Calibration Targets

Model Feature Description Baseflow
Value
Clear Creek Baseflow 1- mile upstream from LCR 4 cfs
Chevelon Creek Baseflow |- mile upstream from LCR 4 cfs
LCR Baseflow downstream from Clear Creek 9 cfs
LCR C-Aquifer Outflow (Blue Springs) 222 cfs

With the exception of the estimated baseflow for Clear Creek, the above values are based on
median winter flow values from the relevant streamflow gage listed in Table 2. Due to
uncertainties about historic upstream diversions at the Clear Creek near Winslow gage
(09399000), the baseflow value for Clear Creek is estimated based on the median winter flow
value at the springs below McHood dam (09399100). In SGC’s opinion, it is reasonable to
assume that the rate of groundwater discharge to Clear and Chevelon Creeks would be similar,
given the similarity of the streams’ relationship to the underlying C-Aquifer.
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