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SECTION 1: INTRODUCTION

Watershed and Hydrology

The Diamond Fork watershed, part of the Great Salt Lake basin, drains approximately 156 square miles
of primarily mountainous terrain in north-central Utah (Figure 1-1). Historically, the watershed has been
affected by trans-basin flow imports from streams within the Colorado River basin. The earliest water
delivery system, completed in 1913, conveys water from Strawberry Reservoir into Sixth Water Creek, a
tributary to Diamond Fork, via the Strawberry Tunnel (Figure 1-2). Imported water was conveyed
through Sixth Water Creek into Diamond Fork and the Spanish Fork River for use along the Wasatch
Front. The imported water greatly increased the flow volumes primarily during the summer irrigation
season in Sixth Water Creek and Diamond Fork relative to their natural summertime flow levels (Figure
1-3), resulting in significant channel incision, erosion, and widening with damaging ecological
consequences.

Figure 1-1. General location of the Diamond Fork Watershed.
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Diamond Fork above Red Hollow Streamflow (2001-2007)

Pre Diamond Fork System Post Diamond Fork System
500 -{ Alllrrigation Flowsinthe Strear] MostIrrigation Flowsin thePipe
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Streamflow (cfs)

Figure 1-3.  Annual hydrographs before and after construction of the Diamond Fork System
(USGS 10149400 DIAMOND FORK ABV RED HOLLOW NR THISTLE, UT).

The Diamond Fork water delivery system was completed in 2004 as part of the Bonneville Unit of the
Central Utah Project. The Diamond Fork System entailed construction of a series of new tunnels and
pipelines that allow the majority of imported flows to bypass Sixth Water Creek and Diamond Fork
Creek and instead be delivered directly to Spanish Fork River and/or the Spanish Fork Canyon Pipeline
(Figure 1-2). Flow releases into Sixth Water and Diamond Fork are typically made only to meet the
minimum instream flow requirements set as part of environmental commitments associated with the
construction of the Diamond Fork System and the Central Utah Project Completion Act.

In Sixth Water Creek from the outlet of the old Strawberry Tunnel, minimum flows were established as
follows:

e 25 cfs in the winter months of November through April, and
e 32 cfs in the summer months of May through October.

Water to meet these minimum flow requirements is typically delivered via the Strawberry Tunnel.

In Diamond Fork Creek, minimum flows were established between Monks Hollow and Spanish Fork
River as follows:

e 60 cfs in the winter months of October through April, and
e 80 cfs in the summer months of May through September.

Introduction ¢ 1-3



Sixth Water and Diamond Fork Sediment Transport, Channel Substrate, and Benthic Macroinvertebrate
2012 Final Monitoring Report

Water to meet these minimum flow requirements is typically delivered via the Sixth Water Flow Control
Structure via the Syar Tunnel located just below Ray’s Crossing (Figure 1-2).

Delivery of minimum flows has caused damage to the sleeve valves of the Sixth Water Flow Control
Structure, and during November 2011 to April 2012, the sleeve valves were removed for repairs and the
structure could not be used to deliver instream flows. Therefore, additional releases were made upstream
at the Strawberry Tunnel outlet. This operational change meant that the 2011-2012 winter flows in Sixth
Water Creek temporarily increased from the typical 25 cfs to about 38 cfs, and winter flows in Diamond
Fork temporarily decreased from the typical 60 cfs to about 50 cfs (Figure 1-4).

800

Diamond Fork

***** Diamond Fork Minimum Flow
700

Sixth Water Creek

***** Sixth Water Minimum Flow
600

n
=}
S

Streamflpow (cfs)
IS
S
1S}

Spring Fall
Monitoring Monitoring

w
=}
S

O 9 & 4 & o § 1 6 N 0 o0 O 4 & A & ;o F ’n 6 N 0 o6 8 4 & 4 & 0 F .8 0 N 0 o o
PR — — - — —

Figure 1-4. Diamond Fork and Sixth Water Creek hydrographs for water years 2010-2012.
Required minimum flows are also plotted for comparison.

Also, during spring of 2012, additional repair work to the Diamond Fork water delivery system meant
that unusually high flow releases of about 150 cfs were released through the Strawberry Tunnel on two
separate occasions, each lasting about 2 weeks (Figure 1-4).

One additional item of note regarding recent streamflow patterns in Diamond Fork and Sixth Water
Creek is the magnitude of the spring 2011 flood. The winter of 2010-2011 generated historically high
snowpack volumes in much of Utah, and the spring 2011 floods on Diamond Fork and Sixth Water were
the highest recorded since the USGS gages at each site became active in 2002 and 2005, respectively. In
2011, flows on Diamond Fork peaked at 887 cfs, which was significantly higher than the previous
recorded high peak of 531 cfs in 2006. In 2011, flows on Sixth Water peaked at 171 cfs, which was
slightly higher than the 2006 recorded peak flow of 152 cfs.
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Study Purpose

The purpose of this work was to conduct monitoring that measured channel substrate conditions and the
benthic macroinvertebrate assemblages in select reaches of Sixth Water and Diamond Fork. Monitoring
results will assist the natural resource agencies in evaluating, planning, implementing and adapting the
recovery and restoration of the aquatic and riparian ecosystems of the two creeks, especially in response
to anticipated high flow releases from Strawberry Tunnel in 2012.

Monitoring Plan

Channel substrate and benthic macroinvertebrate conditions were monitored at a total of ten monitoring
sites. These sites are listed in Table 1-1 and their locations are shown in Figure 1-5. Specific spring and
fall 2012 monitoring dates are listed in Tables 1-2 and 1-3. Channel substrate (substrate mapping, pebble
counts, embeddedness) and benthic macroinvertebrate monitoring data have previously been collected at
four of the ten monitoring sites: SXW, DFC, MO and OX. In 2007, seasonal embeddedness
measurements were also completed at the RC monitoring site. In 2006, the GS monitoring site was
established as a control site for benthic macroinvertebrate sampling, and macroinvertebrate data were
collected there in 2006 and 2007. Results from the past monitoring work at these sites, which involved
data collection in 2005, 2006, and 2007, are summarized in the Sixth Water and Diamond Fork Creeks
Final 2007 Monitoring Report (BIO-WEST 2009). For the 2012 monitoring effort, four new monitoring
sites (AST, BST, AMH, and BMH) were established where no previous channel substrate or
macroinvertebrate data had been collected. These four new monitoring sites not only provide above and
below comparisons of Syar and Monks Hollow flow control structures, they also occur in portions of the
watershed not well represented in the original 4 monitoring sites. Overall, the 10 monitoring sites
represent a range of historical and current flow import effects on stream hydrology (Table 1-1).

As a separate but related effort, sediment transport data were collected during low flow in 2011 and
2012 at the six bridge locations shown in Figure 1-5. Sediment transport data had previously been
collected at these same six sites in 2005 and 2006 (BIO-WEST 2006, BIO-WEST 2007).
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Table 1-1. Monitoring site descriptions and minimum instream flow requirements.
WINTER/
MONITORING AR SUMMER
SITE NAME CREEK SITE LENGTH | FLOW IMPORT EFFECTS
SITE (feet) INSTREAM
FLOW (cfs)
SXW? Sixth Water | Sixth Water 560 Affected by isrfgi‘;‘gbe”y Tunnel 25/32
Rav's Affected by Strawberry Tunnel
RC" C Y Sixth Water 860 inputs and landslide sediment 25/32
rossing :
inputs
Upper Sixth Affected by Strawberry Tunnel
uUsws*® pp . Sixth Water n/a inputs and landslide sediment 25/32
Water Bridge ;
inputs
Above Svar Affected by Strawberry Tunnel
AST Tunne)ll Sixth Water 179 inputs and landslide sediment 25/32
inputs
Below Svar Affected by Strawberry Tunnel
BST Y Sixth Water 180 and Syar Tunnel inputs and 25/32
Tunnel . . X
landslide sediment inputs
Lower Sixth Affected by Strawberry Tunnel
LSWB® . Sixth Water n/a inputs, Syar Tunnel Inputs, 25/32
Water Bridge ) . -
and landslide sediment inputs
Upper
Diamond Fork
Gs? Guard Station | (above Sixth 216 none (natural hydrology) n/a
Water
Confluence)
Upper
Three Forks Diamond Fork
DF3FB° . (above Sixth n/a none (natural hydrology) n/a
Bridge W.
ater
Confluence)
Above Monks Diamond Fork Affected by Strawberry Tunnel
AMH (below Three 301 y y 25/32
Hollow and Syar Tunnel inputs
Forks)
Below Monks Diamond Fork Affected by Strawberry, Syar,
BMH (below Three 314 and Upper Diamond Fork 60/80
Hollow .
Forks) Tunnel inputs
Monks Diamond Fork Affected by Strawberry, Syar,
MHB® . (below Three n/a and Upper Diamond Fork 60/80
Hollow Bridge ;
Forks Tunnel inputs
Diamond . Affected by Strawberry, Syar,
DFC? Fork Diamond Fork 1237 and Upper Diamond Fork 60/80
(lower) ;
Campground Tunnel inputs
. Affected by Strawberry, Syar,
Mo? Motherload Diamond Fork 1682 and Upper Diamond Fork 60/80
(lower) ;
Tunnel inputs
. . Affected by Strawberry, Syar,
BB® Brimhall Diamond Fork n/a and Upper Diamond Fork 60/80
Bridge (lower) ;
Tunnel inputs
. Affected by Strawberry, Syar,
ox? Oxbow Diamond Fork 2668 and Upper Diamond Fork 60/80
(lower) ;
Tunnel inputs
. Affected by Strawberry, Syar,
CB® Childs Bridge Diamond Fork n/a and Upper Diamond Fork 60/80

(lower)

Tunnel inputs

#Long-term site (substrate mapping, embeddedness, pebble count, macroinvertebrate data).
L Long-term site (embeddedness data only).

¢ Sediment transport sampling location.

“Long-term site (macroinvertebrate data only).
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Figure 1-5.  Map of 2012 monitoring sites on Diamond Fork and Sixth Water Creeks.

Table 1-2. Spring 2012 monitoring dates.

SITE SUBSTRATE MAPPING PEBBLE COUNTS EMBEDDEDNESS MACROINVERTEBRATES
Date Flow (cfs?) Date Flow (cfs®) Date Flow (cfs?) Date Flow (cfs®)

SXW | 4/19/2012 41 4/12/12 39 4/12/12 39 4/17/12 40
4/12/12 and

RC 4/19/2012 41 4/13/12 39/38 4/12/12 39 4/17/12 40
4/12/12 and

AST 4/19/2012 41 4/18/12 39/40 4/12/12 39 4/17/12 40
4/12/12 and

BST 4/19/2012 - 4/18/12 - 4/12/12 - 4/17/12 -
4/13/12 and

GS 4/20/2012 - 4/18/12 - 4/13/12 - 4/17/12 -
4/13/12 and

AMH | 4/20/2012 - 4/18/12 - 4/13/12 - 4/18/12 -
4/13/12 and

BMH | 4/20/2012 52 4/18/12 54/53 4/13/12 54 4/18/12 53

DFC 4/19/2012 53 4/13/12 54 4/13/12 54 4/18/12 53

MO 4/20/2012 52 4/13/12 54 4/13/12 54 4/18/12 53

OX 4/18/2012 53 4/14/12 54 4/14/12 54 4/18/12 53

#flow in cubic feet per second (cfs) as reported in USGS provisional daily flow data for gage #10149400 (sites BMH, DFC, MO, OX) and for
gage 10149000 (sites SXW, RC, and AST); daily flow data not available for sites BST, GS, AMH.
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Table 1-3. Fall 2012 monitoring dates.

SITE SUBSTRATE MAPPING PEBBLE COUNTS EMBEDDEDNESS MACROINVERTEBRATES
Date Flow (cfs®) Date Flow (cfs®) Date Flow (cfs®) Date Flow (cfs®

SXW | 9/20/2012 34 9/25/12 34 9/25/12 34 9/20/2012 34

RC 9/20/2012 34 9/25/12 34 9/25/12 34 9/20/2012 34
AST 9/20/2012 34 9/26/12 34 9/26/12 34 9/20/2012 34
BST 9/20/2012 - 9/26/12 - 9/26/12 - 9/20/2012 -

9/25/12 and

GS 9/20/2012 - 9/26/12 - 9/25/12 - 9/20/2012 -

AMH | 9/20/2012 - 9/26/12 - 9/26/12 - 9/20/2012 -

BMH | 9/21/2012 78 9/26/12 82 9/26/12 82 9/20/2012 79
DFC 9/21/2012 78 9/26/12 82 9/26/12 82 9/20/2012 79

9/21 and 9/27/12
MO 0/23/2012 78 82 9/27/12 82 9/20/2012 79
OX 9/23/2012 78 9/21n2 82 9/27/12 82 9/20/2012 79

#flow in cubic feet per second (cfs) as reported in USGS provisional daily flow data for gage #10149400 (sites BMH, DFC, MO, OX) and for
gage 10149000 (sites SXW, RC, and AST); daily flow data not available for sites BST, GS, AMH.
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SECTION 2: SEDIMENT TRANSPORT

Maintaining the minimum streamflow in Sixth Water and Diamond Fork during the winter months
typically requires that the Sixth Water sleeve valves operate at low flows of approximately 20 cfs
(additional stream flow is made through the Strawberry Tunnel and from other tributaries). Delivery of
the low flows since 1996 damaged the Sixth Water sleeve valves of the Sixth Water Flow Control
Structure. The two Sixth Water Sleeve Valves were removed in late 2011 for repairs and therefore flow
releases could not be made through the structure. While the sleeve valves were removed, the only
location at which releases could be made for instream flow purposes was through the old Strawberry
Tunnel. Therefore while the Sixth Water Sleeve Valves were being repaired, winter flows in Sixth
Water Creek were temporarily changed from 25 cfs to about 38 cfs (release of 32 cfs plus ~ 6 cfs
accretion in the tunnel). Winter flows in Diamond Fork Creek were temporarily changed from a
minimum of 60 cfs at Monks Hollow to approximately 48-52 cfs (Figure 1-4).

As a result, flows in Sixth Water downstream of the Sixth Water Flow Control Structure and flows in
Diamond Fork Creek dropped below previously sampled levels. The Mitigation Commission contracted
with Allred Restoration and BIO-WEST (BW) to collect sediment transport samples in select reaches of
Sixth Water and Diamond Fork Creeks during the fall and winter of 2011 and 2012 to continue their
habitat monitoring and ongoing investigations into sediment transport dynamics in the streams. This data
collection was intended to assist natural resource agencies in planning, implementing and adapting the
recovery and restoration of the two streams. Sampling efforts in 2011 and 2012 were a continuation of
the sediment transport monitoring that was performed by BW in 2005 and 2006 in the same locations
(Figure 1-5 and Table 1-1) as well as the channel substrate monitoring performed in 2005-2007 (Olsen
et al. 2005, etc.). In summary, sediment transport has been monitored in Sixth Water and Diamond Fork
because of concerns that the current flow regime might be causing sedimentation and fining of the
streambed, and negatively affecting habitat quality for aquatic biota. Relationships between flow and
sediment transport/sediment accumulations in Sixth Water and Diamond Fork have to be understood at
the reach level because of a large known source of sediment in Sixth Water at a landslide between the
Strawberry and Syar Tunnel inputs, and the fact that the channel slope transitions from steep in the
higher elevation portions of the watershed to relatively flat in the lower elevations, and that the low
gradient depositional stream reaches are experiencing significant accumulations of fine-grained
sediment during the summer, fall, and winter “low flow” seasons.

Specific questions about sediment transport that will be answered in this chapter of the report are as
follows:

1. What was the effect of reducing flow rates on sediment transport?

2. Would reducing instream flows alone resolve the problem of “fining” or sediment accumulation?

3. Would reducing flows in Sixth Water Creek alone (not affecting the flows in Diamond Fork at
Monks Hollow) result in the same response as reducing instream flows in both Sixth Water and
Diamond Fork Creeks?
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Sixth Water and Diamond Fork Creek results relevant to the 2011 and 2012 sediment sampling can be
found in Chapter 4 of the 2005-2007 monitoring reports. A brief summary of conclusions from these
report chapters is as follows:

2005, Chapter 4, Sediment Transport Monitoring

The typical Sixth Water flow regime (25 cfs winter, 32 cfs summer) is unnatural and causing
unnaturally high yields of both suspended and bedload sediments during all times of the year.
The channel is much steeper in Sixth Water than Diamond Fork; therefore, material eroded in
Sixth Water is transported through the canyon reaches of Sixth Water and Diamond Fork and
often becomes deposited in the flatter reaches of Diamond Fork Creek.

Current bedload transport rates are much greater than what would be predicted by typical
bedload transport equations. In fact, the abnormally high sediment supplies from Sixth Water are
causing the actual bedload transport rates to exceed predicted rates by more than two orders of
magnitude at the lower Sixth Water and main stem Diamond Fork monitoring sites. [BIO-WEST
2006]

2