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1. INTRODUCTION

In 1982 the Department of the Interior initiated the Glen Canyon Environmental Studies (GCES)
with the directive to scientifically quantify the impacts to the resources of the Grand Canyon
caused by Glen Canyon Dam operations. The Bureau of Reclamation manages the operations
of the Glen Canyon Dam and the releases of water for the Colorado River through the Grand
Canyon. In 1991 the Bureau of Reclamation and the Hopi Tribe entered into Cooperative
Agreement No. 1-FC-40-10560 entitted Cooperative Agreement for Hopi Tribe Coordination with
the Glen Canyon Environmental Studies and the Glen Canyon Environmental Impact Statement.
Work item (f) for fiscal year 1994, as identified by this agreement, required coordination of the
Hopi Tribe’s hydrology concems into the Glen Canyon Dam Environmental Impact Statement
(GCD-EIS) and the GCES technical programs.

The Hopi Tribe retained Daniel B. Stephens & Associates, Inc. (DBS&A) to conduct surface water
analyses in support of selected requirements of the cooperative agreement. The first portion of
w?rk conducted by DBS&A (Phase |) was completed in the sprin(g of 1994 and consisted of an
evaluation of LCR basin streamflow characteristics and the reconsfr)uction of missing hydrologic
data for selected U.S. Geological Survey (USGS) streamflow gages for a 53-year base period
(DBS&A, 1994). The prirrcgy objective of DBS&A’s second portion of work (Phas«a( If) was to
develop a streamflow and sediment transport model for the Little Colorado River (LCR) basin in
northemn Arizona. The model will be used to evaluate sediment contributions from the LCR, which

are necessary to maintain the habitat of the endangered humpback chub. Additional model
refinement is scheduled to be completed in 1995 (Phase ll1).

This progress report summarizes the work completed during Phagll of the LCR basin study.
The work consisted of a continued evaluation of basin hydrology and development of a
streamflow and suspended sediment model for the LCR basin. Specifically, the following tasks
were undertaken by DBS&A to meet the fiscal year 1994 objectives of both the Hopi Tribe and
GCES:

e Conduct an analysis of the fluvial geomorphology using aerial photographs

2125(11)\BSN-MODL.D9ALCR-MODL.D94 1
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» Conduct a field reconnaissance study to evaluate physical features that control basin

hydrology

» Develop a conceptual model that incorporates information obtained from various data

sources

» Develop precipitation/runoff relationships for the LCR and the major tributaries
e Construct monthly and event-driven precipitation/runoff models

+ Construct a monthly sediment transport model

Detailed discussion of the work is provided in the remainder of this report. Data collection and
analyses pertaining to model development are provided in Sectfm 2 of this report. Precipitation
and runoff relationships for each of the main tributaries of the LCR are summarized in Séf:tion 3.
Section 4 discusses the streamflow and sediment transport models. Finally, the summary and
conclusions drawn from Phase |l of the GCES project are included in Section 5.

2125(11)\BSN-MODL.D94\LCR-MODL.D94 2
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2. OVERVIEW OF LCR BASIN HYDROLOGY

As described in the Phase | progress report (DBS&A, 1994), the LCR Basin encompasses an
area of approximately 27,000 square miles (Figure 1). From its forested headwaters near
Springerville, Arizona, the main-stem of the LCR flows into a broad, gently sloping basin covered
with grasses. Numerous tributaries, which drain the northem and southem highlands of the basin,
join the LCR along its length. Near Grand Falls, the LCR leaves the broad valleys and floodplains
of the central portion of the basin and becomes constricted within a gradually deepening canyon
until it merges with the Colorado River.

In order to ident@ the physical characteristics that control streamflow and sediment transport
throughout this immense basin, DBS&A has obtained hydrological information from several
databases, reviewed relevant background materials, and completed several field reconnaissance
trips. The information gathered from these efforts is summarized in this section. Section 2.1
summarizes the available hydrologic data for the basin. Section 2.2 describes DBS&A’s analyses
of Landsat images and aerial photographs, while Section 2.3 describes information gathered
during field reconnaissance trips. Finally, Section 2.4 describes an integrated conceptual model

on which the computer model was built.
2.1 Data Sources

During the course of Phases | and Il, DBS&A has obtained relevant hydrologic information from
various govemmental agencies and private businesses. Streamflow and sediment transport data
were obtained directly from the USGS Water Resource Division (WRD) and from a private
company called Earthinfcf Inc., which maintains govemment databases for private users.
Measured and reconstructed precipitation data were obtained directly from the Hopi Tribe and
Earthinfo, Inc. The locations of surface-water and precipitation gages used in this study are given

in Figure 2.

Data from the following streamflow gaging stations, listed in order from upstream to downstream,

were used during this study:

2125(11)\BSN-MODL.D94\LCR-MODL.D94 3
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e LCR at Hunt (LCR-HNT)

e Silver Creek near Snowflake (SLV-SF)

e Silver Creek near Wopdruff (SLV-WD)

+ LCR at Woodruff (LCR-WD)

* Rio Puerco at Adamana (RP-ADM)

e LCR at Holbrook (LCR-HOL)

e Chevelon Creek near Winslow (CHVLN)
e Clear Creek near Winslow (CLR)

e LCR at Grand Falls (LCR-GF)

e Moencopi Wash near Cameron (MNCP-CAM)
» LCR near Cameron (LCR-CAM)

A review of the measured streamflow and sediment transport records obtained from the USGS
indicates that monitoring has been sporé?iic over time at these primary gaging stations within the
LCR basin (Figures 3 and 4). The USGS has also monitored streamflow along Black Creek, the
Rio Puerco, the Zuni River, the LCR at Joseph City (LCR-JOE), and at several crest stage gages
within the basin. These partial records were helpful when developing transfer relationships to

estimate streamflows and sediment transport within ungaged subwatersheds.

Information on physical characteristics such as watershed geometry, soil types, and vegetative
cover was compiled from numerous sources (Sections 2.2 and 2.3). This information was used
to assist with the development of a conceptual model of streamflow and sediment transport within
the LCR basin.

2.2 Landsat and Aerial Photograph Analysis

In order to evaluate basin characteristics related to streamflows and sediment yields from the
major tributaries identified during Phase |, DBS&A obtained contact prints of Landsat images of
the entire length of the LCR and aerial photographs showing the confluence of 1‘3/tributaries with
the LCR main-stem. The following sources were contacted during this effort: Earth Observation
Satellite Company (EROS), Bureau of Land Management Aerial Photograph Laboratory, the Earth
Data Analysis Center, IntraSearch, and the USGS. Table 1 summarizes the contact prints
obtained for the analysis.

2125(11\BSN-MODL. D94\LCR-MODL.D94 6
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Table 1. Summary of Landsat Images and Aerial Photographs
Obtained for the LCR Basin

Date Film Approx.

Contact Print Flown Type Scale Source
Landsat Images Showing Various Portions of the LCR Basin
Headwaters to Woodruff 06/02/92 B&W 1:70,000 EROS
Woodruff to Leupp 10/07/92 B&W 1:70,000 EROS
Leupp to Colorado River 08/27/92 B&W 1:70,000 EROS
Aerial Photographs Showing the Tributary Confluence with LCR
Zuni River 10/27/73 Color 1:24,000 IntraSearch
Zuni River 04/08/92 B&W 1:40,000 USGS
Silver Creek 10/26/73 Color 1:24,000 intraSearch
Silver Creek 04/29/92 B&W 1:40,000 USGS
Rio Puerco 10/12/92 B&W 1:40,000 USGS
Leroux Wash 04/29/92 B&wW 1:40,000 USGS
Chevelon Creek 10/06/78 Color 1:24,000 IntraSearch
Chevelon Creek 04/29/92 B&W 1:40,000 USGS
Cottonwood Wash 10/06/78 Color 1:24,000 IntraSearch
Cottonwood Wash 04/28/92 B&wW 1:40,000 USGS
Clear Creek 10/06/78 Color 1:24,000 IntraSearch
Clear Creek 04/28/92 B&wW 1:40,000 USGS
Com Creek 04/28/92 B&W 1:40,000 USGS
Com Creek 09/22/92 B&W 1:40,000 USGS
Canyon Diablo 04/28/92 B&W 1:40,000 USGS
Dinnebito Wash 04/17/92 B&W 1:40,000 USGS
Cedar Wash 05/01/92 B&W 1:40,000 USGS
Moencopi Wash 05/01/92 B&W 1:40,000 USGS

B&W = Black and white

EROS = Earth Observation Satellite Company

USGS = U.S. Geological Survey

2125(11\BSN-MODL.D94\AIR-PHOTO.D94
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Using these contact prints, DBS&A evaluated the confluence of each tributary with the LCR to
determine geomorphological changes with the basin related to streamflow and sediment transport
potential. Sections 2.2.1 and 2.2.2 describe the analyses of the Landsat images and aerial

photographs, respectively.

2.2.1 Landsat Images

The three Landsat images obtained (Table 1), which cover the entire length of the LCR main-stem
and the southem highlands, allow for a general interpretation of the basin morphology. The prints

w —————————
indicate that the LCR main-stem closely parallels the outline of the southem highlands. Landsat

images of the northemmost highlands were not obtained from EROS.

2.2.1.1 Headwaters to Woodruff. The upper portion of the LCR basin is characterized by sm‘gll
drainage networks. The density of small washes is greatest within the Zuni River and Largo
Creek sub-basins, and as a result, those areas may have higher erosion rates. In this region,
vegetative cover is concentrated along the south side of the LCR main-stem as evidenced by the
darker shading on the print. Vegetative cover provides slope stability. Several small reservoirs

are present within the headwaters of the LCR.

2.2.1.2 Woodruff to Leupp. Along the south side of the LCR, Chevelon and Clear Creeks are
readily distingﬂishable from the other southern tributaries due to their incised meanders within the
Permian Kaibab Limestone. In comparison, the two remaining major tributaries, Silver Creek and
Canyon Diablo, are only slightly incised and originate within areas of previous volcanic activity.

The drainage system within the Canyon Diablo sub-basin drains subparallel, as opposed to
perpendicular, to the LCR, thus reducing the gradient of the drainage. This decrease in slope
may allow for greater infiltration within the Canyon Diablo sub-basin. Greater vegetative cover
within the Chevelon and Clear Creek headwaters may be an indication of greater elevation and

precipitation in those areas.

On the north side of the LCR, Leroifx and Cotton@ood Washes contain significant quantities of
sediment within their channels. Immediately upstream of Leupp, the LCR spreads out into a large

2125(11)\BSN-MODL.D94\LCR-MODL.D94 10
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floodplain called Tucker Flats on USGS topographic maps. The Corn Creek confluence with the
LCR is difficuit to locate.

2.2.1.3 Leupp to Colorado River. The most noticeable features within the lower reaches of the
LCR are the San Francisco Peak volcanic field near Flagstaff and the confluence of the LCR with
the Colorado River within the Grand Canyon. Two major drainages, Dinnebito and Moeﬁcopi
Washes, enter the LCR from the north in this region (Figure 1). Highly eroded terraces are
present east of the LCR between Dinnebito and Moencopi Washes and within the Moencopi

Wash sub-basin.

The LCR floodplain is much smaller through this reach as compared to the reaches upstream of
Leupp, because the channel becomes deeply incised within a narrow canyon. Cedar Wash flows
north from the San Francisco Peak volcanic field and joins the LCR just west of Cameron

(Figure 1).

2.2.2 _Aerial Photographs

The aerial photographs obtained by DBS&A (Table 1) were used to evaluate the morphological
characteristics throughout the LCR basin as represented by the confluence of each major tributary
with the main-stem of the LCR. The morphology of these confluences, which gives an indication
of the type of sediment transport that may be occurring, is discussed in the following subsections.

2.2.2.1 Zuni River. The LCR above the confluence with the Zuni River (Figure 1) is slightly
sinuous’, narrow, and has minimal sediment storage within the channel system (e.g., point bars,
channel bars, and floodplains). In contrast, the Zuni River is highly sinuous, has a slightly wider
channel, and contains deposition point bars caused by lateral migration of the channel system.
Vegetation exists along the banks of both channel systems. Below the confluence, the LCR
channel characteristics are a mixture of the two upstream morphologies: the channel becomes

wider, contains more vegetation, and is slightly to moderately sinuous.

! Sinuosity is the distance measured along a channel within a reach divided by the straight line distance connecting the
beginning and ending points of the reach. Values can range from 1 (straight) to values greater than 2 for highly
sinuous channel reaches.

2125(11)\BSN-MODL.D94\LCR-MODL.D94 11
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Erosion, and thus sediment supply, appears to be greater within the Zuni River drainage, based

on the amount of sediment within the channels and erosion of the surrounding contributing slopes.
This observation is consistent with the greater density of dry washes and eroded lands noted on
the Landsat image. In addition, Lyman Reservoir on the LCR main-stem (Figure 1) serves as a

sediment trap above the LCR confluence with the Zuni River.

The surrounding area is vegetated with native grasses and some pifion and juniper. Vegetation
density, and thus slope stability, appears to be greatest along the south side of the LCR within

this reach.

2.2.2.2 Silver Creek. Atthe Silver Creek confluence with the LCR (Figure 1), both channels are
of similar width and overall size. The LCR above the Silver Creek confluence has greater
sediment storage along its channel and is moderately sinuous. in comparison, Silver Creek has

greater vegetative growth, minimal sediment storage, and is straight to slightly sinuous. The
aerial photographs indicate that an earthen dam controls streamflows out of the mouth of Silver
Creek. Below the confluence, the LCR is approximately twice the upstream width, slightly
sinuous, and contains stable point bars within each meander belt.

The surrounding area is covered by native grasses, and hill-slope erosion is slight to moderate.
The black and white photograph (Table 1) shows the community of Woodruff north of the
confluence. The community uses water from the LCR for irrigation of crops.

2.2.2.3 Rio Puerco. A significant change in the LCR channel morphology occurs below the
LCR'’s confluence with the Rio Puerco (Figure 1). Above the confluence the LCR channel is
approximately 60 feet wide, relatively straight, and heavily vegetated. Below the confluence the
LCR floodplain is approximately 4 to 5 times the upstream width, and the LCR meanders within

a braided channel containing abundant sediment. Sediment deposition at the confluence
indicates that the main-stem occasionally becomes a backwater due to higher streamflows in the

Rio Puerco.

The Rio Puerco morpholoéfl is similar to that of the LCR below their confluence in that the Rio
Puerco contains abundant sediment, and meander belts are contained within a larger, relatively
straight, braided channel that is approximately equal in width to the LCR’s below the confluence.

2125(11)\BSN-MODL.D94\LCR-MODL.D94 12
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Below the confluence, the LCR’s active channel is contained within a well developed, vegetated

floodplain.

2.2.2.4 Leroux Wash. Leroux Wgsh enters the LCR west of Holbrook (Figure 1). The wash is
similar to the Rio Puerco in that the channel is braided, contains abundant sediment, and is of
similar width. However, the channel is straighter and appears to be less stable, as evidenced by
large channel bars and minimal bank vegetation. Below the confluence, significant quantities of
sediment are stored along the LCR floodplain.

2.2.2.5 Chevelon Creek. Chevelon Creek enters the LCR from fhe south between Joseph City
and Winslow (Figure 1) and has a slightly sinuous, confined channel. The creek emerges from
a vertical-walled bedrock canyon approximately 3 miles above the confluence and then flows into
an open plain where the channel banks are stabilized with vegetation. Minimal sediment storage

locations exist along the lower reaches of Chevelon Creek.

2.2.2.6 Clear Creek. Clear Creek enters the LCR from the south a few miles southeast of
Winslow (Figure 1). The 1978 color aerial photograph obtained by DBS&A (Table 1) shows the
channel outlet prior to construction of a reservoir inmediately above the confluence with the LCR,
whereas the reservoir is present on the 1992 black and white aerial photograph (Table 1). Both
photographs show that the creek is contained within a stable channel lined with vegetation and/or
bedrock walls. The creek character is similar to Chevelon Creek in respect to channel width
(each is approximately 50 feet wide), sinuosity, and sediment storage.

The morphology of the LCR is relatively constant throughout the reach between the Rio Puerco
and Clear Creek. Many abandoned meandering belts are present within the well developed,
vegetated floodplain. The active channel width of the LCR in this reach is approximately 200 to
300 feet. At low streamflows the LCR meanders from bank to bank within the larger braided

channel system, which is only slightly sinuous.

2.2.2.7 Cottonwood Wash. Cottonwood Wash enters the LCR from the north near (southeast
of) the city of Winslow (Figure 1). The channel is slightly to moderately sinuous and
approximately 50 feet wide, and it contains many deposition point bars along its course. The
sediment storage sites have been stabilized by vegetation.

2125(11)\BSN-MODL.D94\LCR-MODL.D94 13
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2.2.2.8 Com Creek. Corn Creek joins the LCR just east of the community of Leupp (Figure 1).
There appears to be no distinct outlet for Com Creek; its streamflows seem to disperse across
an open alluvial plain north of the LCR floodplain. The Com Creek channel above the outlet is
narrow and moderately sinuous, and it contains some point bar development. The LCR above
the confluence is highly sinuous and contains multiple channels without connections (referred to
as anastomosing). The reach contains multiple abandoned meanders and point bars formed
within a floodplain, which is approximately four times greater in width than the LCR floodplain
near Winslow. This area is approximately 10 miles downstream of the Tucker Flats area.

2.2.2.9 Canyon Diablo. Canyon Diablo enters the LCR from the south near Leupp (Figure 1) at
the point that marks the transition of the LCR floodplain from the large expanses in the Com
Creek area (Section 2.2.2.8) to a relatively narrow floodplain. Canyon Diablo is moderately
sinuous, narrow, and devoid of significant sediment storage sites. An earthen dam crosses the
drainage approximately 1 mile above its confluence with the LCR. The LCR channel below

Canyon Diablo is straight to slightly sinuous.

2.2.2.10 Dinnebito Wash. Dinnebito Wash joins the LCR from the north a few miles northwest
of Grand Falls (Figure 1). Dinnebito Wash is moderately sinuous and narrow, and its channel
contains some point bar development. The wash is lined with some vegetation and is contained

within a narrow valley.

The LCR through this reach is relatively straight and confined within a narrow canyon. Moderate
sediment storage occurs along this reach.

2.2.2.11 Cedar Wash. Cedar Wash joins the LCR from the south near Cameron (Figure 1). The
Cedar Wash channel is highly sinuous and relatively narrow. This channel appears to be
relatively shallow, allowing streamflows to spread laterally outside the active channel during high
streamflow events. The channel becomes entrenched within a canyon approximately 1.5 miles

from its confluence with the LCR.

2.2.2.12 Moencopi Wash. Moencopi Wash joins the LCR from the north near Cameron
(Figure 1). The Moencopi Wash channel is highly sinuous and relatively narrow. Substantial
terrace development has occurred within the confining vertical-walled canyon surrounding the

2125(11)\BSN-MODL.D94\L CR-MODL.D94 14
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wash. The LCR channel in this area is also confined within a vertical-walled canyon, but is only

slightly sinuous.
2.3 Review of Resource Maps and Field Reconnaissance Trips

In order to confirm the features identified from the analysis summarized in Section 2.2, DBS&A
analyzed basin characteristics using soil, geologic, and topographic maps and information
gathered during several field reconnaissance trips. The analysis provided an avenue to evaluate
streamflow and sediment yields with respect to basin characteristics such as sub-basin area,
channel slope, channel width, channel cross-sectional area, and potential sediment sources.

Sub-basins account for the runoff and sediment transported from tributary systems into the main
channel system. To represent the drainage basin, each of the major tributaries identified by aerial
photographs analysis was delineated on 1:100,000 scale USGS topographic maps to allow
calculation of sub-basin areas and channel slopes. Geologic and soils maps were consuited to

develop a qualitative understanding of areas of potentially high sediment yield.

From the aerial photograph analysis, the Rio Puerco was determined to have significant control
over the LCR channel morphology downstream of the confluence of the two rivers. The Rio
Puerco was further divided to allow calculation of contributing areas of subwatersheds, lengths,
slopes, vegetative cover, and soil types. The information obtained from the Rio Puerco analysis
was used to construct an event-driven mathematical model for the Rio Puerco watershed. The
methods used to construct the detailed physical representation of the Rio Puerco basin are similar
to those outlined in the software documentation (Riggins et al., 1989a, 1989b).

During the field reconnaissance trips, DBS&A photographically documented each drainage basin
identified during the aerial analysis, measured active cross sections, identified vegetative covers
and soil types, and collected bed-material samples. Channel geometries provide a simple
diagnostic predictor of stream discharge potential. Over 220 photographs were taken in order to
develop a photographic log of each location for future examination. Physical parameters
determined from the map analysis and cross section measurements are summarized in Table 2.

2125(11\BSN-MODL.DSALCR-MODL.D94 15
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Table 2. Summary of Sub-Basin Physical Characteristics Within the
Little Colorado River Watershed

! Cross section was measured above State Highway 87 bridge

NM = Not measured
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Drainage Channel Approximate | Cross-Sectional

Basin Slope at Channel Width Area

Location (mP) Outlet (ft) (ft?)

Zuni River 2,810 0.0015 NM NM
LCR below Zuni River 6,380 NM 15 45
Silver Creek 1,010 0.0028 20 80
LCR at Woodruff 8,072 0.0028 50 200
Rio Puerco 3,150 0.0012 175 440
LCR near Joseph City 12,384 NM 230 925
Leroux Wash 858 0.0014 120 265
Chevelon Creek 810 0.0018 50 225
Cottonwood Wash 1,700 0.0015 55 210
Clear Creek 640 0.0022 40 180
Com Creek! 3,020 0.0028 34 112
Canyon Diablo 1,240 0.0030 35 140
LCR at Grand Falls 21,068 0.0008 105 306
Dinnebito Wash 660 0.0031 48 144
Cedar Wash 665 0.0231 40 100
Moencopi Wash 2,650 0.0031 35 140
LCR near Cameron 26,460 0.0012 104 485
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The bed-material samples collected by DBS&A and the Hopi Tribe were sieved by the DBS&A
soil testing laboratory and the USGS Flagstaff office, respectively, to determine grain-size
distributions. Table 3 provides a summary of the completed sieve analyses for bed-material

samples. Appendix A contains the sieve analyses and data plots.
24  Conceptual Hydrologic Models

This section provides the conceptual framework on which the LCR streamflow and sediment
transport models were built. The conceptual framework is based on analyses conducted during
Phases | and Il of the GCES study. Sections 2.4.1 and 2.4.2 describe basin streamflow and

sediment transport, respectively.

2.4.1 Streamflow

In addition to physical characteristics such as basin size, soil types, and relief, the distribution of
precipitation controls the runoff process. Within the LCR basin, annual precipitation is bimodally
distributed between winter frontal storms and summer monsoons. Winter storms concentrate
precipitation along the southem highlands in the form of snowfall, and in spring, the accumulated
snow is delivered to the main-stem of the LCR through several north-draining tributaries. During
the monsoon season, runoff occurs across the basin in direct response to rainfall from subtropical
Gulf of Califomia moisture or tropical Pacific Ocean moisture crossing the normally dry plateau
(Hereford, 1989).

During Phase | of the LCR basin study, an inspection of annual median streamflows for the
LCR-WD, LCR-HOL, LCR-GF, and LCR-CAM gages revealed, as expected, that as the drainage
area above the measuring gage increases, the corresponding stream discharge also increases.
However, the relationship between drainage area and stream discharge is not uniform. For
example, between Grand Falls and Cameron the drainage area of the LCR nearly doubles in size,
but the median flow only slightly increases. The decrease in unit runoff (defined as the stream
discharge divided by the drainage area above the measuring point) in the downstream direction
results from less precipitation, increased evapotranspiration, and increased channel losses along
the lower-middle to lower reaches of the LCR.

2125(11\BSN-MODL.D94\L.CR-MODL.D94 17
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Table 3. Grain-Size Distributions From Selected Sediment Sample Locations
Along the Little Colorado River and Tributary Drainages

Grain Diameter (mm)'
Location Dyo D36 Dgo Dgo
Rio Puerco at bridge, Navajo, Arizona 0.02 0.06 0.12 0.57
Little Colorado River at old bridge, Holbrook, Arizona 0.08 0.13 0.17 0.32
Leroux Wash at Broadcast Ave., Holbrook, Arizona 0.13 0.16 0.22 0.44
Chevelon Creek above Little Colorado River 0.06 0.08 0.10 0.22
zgngreek below Clear Creek Reservoir, Winslow, 0.05 0.09 0.13 5.00
Jacks Canyon Wash at Highway 99 0.10 0.26 0.51 2.00
Cottonwood Wash at 1-40 0.02 0.12 0.14 0.26
Jeddito Wash at Highway 87 0.09 0.15 0.22 0.73
Polacca Wash above Highway 264 0.12 0.16 0.22 0.43
Wepo Wash above Highway 264 0.00 0.13 0.31 0.90
Polacca Wash above Highway 87 0.00 0.01 0.06 43.00
g;iﬁ;‘:{g:h 21 old house, 10 mi south of 0.08 0.14 0.18 0.42
Com Creek Wash above Highway 15 bridge 0.21 0.32 0.41 0.84
San Francisco Creek at Turkey Flats, Leupp Road 0.14 0.32 0.44 1.10
Canyon Diablo at Two Guns, |-40 0.06 0.11 0.15 0.42
Little Colorado River, 200 yds above Grand Falls 0.03 0.07 0.11 0.31
Dinnebito Wash near Sand Springs 0.13 0.20 0.30 2.70
Little Colorado River above bridge, Cameron, Arizona 0.06 0.1 0.15 0.23
ﬂ)_encopi Wash above Highway 89 bridge 0.05 0.10 0.15 0.26

' Subscripted number (e.g., in D,,) refers to the percentage of sediment that is less than or equal to the indicated grain diameter.
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Annual and average monthly streamflows indicate that the duration, periods, and magnitude of

runoff vary greatly within the LCR basin, as described below:

The upper reaches, represented by the LCR-WD gage, have distinct spring snowmelt and

late summer thunderstorm runoff events.

The upper-middle reaches represented by the LCR-HOL gage, have a spring snowmelt
of similar magnitude to that of the upper reaches, but the average annual runoff is
dominated by the late summer thunderstorm streamfiows originating within the Rio Puerco

drainage.

The lower-middle to lower reaches of the LCR basin, represented by the LCR-GF and
LCR-CAM gages, respectively, have a snowmelt pulse approximately 5 to 10 times greater
than the streamflow magnitude measured at the LCR-HOL gage. However, streamflow
resulting from summer thunderstorms closely approximates the magnitude of streamflows
measured at the LCR-HOL gage during the summer.

Water balance calculations indicate that, on average, the LCR main-stem gains significant
volumes of water between the LCR-WD and LCR-HOL gages, loses water between and
the LCR-HOL and LCR-GF gages, and gains slightly between the LCR-GF and LCR-CAM
gages.

The duration and magnitude of runoff events appear to be controlled by basin characteristics such

as vegetative cover and watershed geomorphology. The upper reaches respond nearly equally
to winter and summer precipitation events, the upper-middle reaches are dominated by late

summer storms, and the lower-middle to lower reaches are dominated by snowmelt runoff from

the southem highlands and late summer thunderstorm runoff.

Measured streamflow and channel dimensions were used to evaluate streamflow contributions

from each tributary. On average, the major contributing drainages can be divided into three

classifications based on annual discharge:

2125(11)\BSN-MODL.D94\L.CR-MODL.D94 19
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« Discharges greater than 30,000 acre-feet per year (ac-ft/yr) (Rio Puerco, Chevelon Creek,
Clear Creek, and Cottonwood Wash)

« Discharges between 20,000 and 30,000 ac-ft/yr (Leroux Wash and Silver Creek)

« Discharges less than 15,000 ac-ft/yr (Canyon Diablo, Moencopi Wash, Cedar Wash, LCR
above Hunt, and Dinnebito Wash)

Com Creek, which drains Jeddito, Polacca, and Oraibi Washes, does not appear to contribute
significant quantities of water to the LCR main-stem. As described in Section 2.2, the Com Creek
outlet is not distinguishable on aerial photographs, whereas distinct outlets are present for the

other major tributaries.

2.4.2 Sediment

The exposed bedrock within the basin consists primarily of late Paleozoic limestones and
Mesozoic sandstones, siltstones, and to a lesser extent, shales. Cenozoic deposits consisting
of consolidated and unconsolidated clays, silts, and sands, as well as lava flows and
unconsolidated pyroclastics, are also present. The sandstones, siltstones, shales, and
unconsolidated strata that cover approximately 70 percent of the basin weather rapidly and
provide abundant sediment for transport from surrounding hill slopes to channel systems within
the LCR basin. In contrast, the limestones, lava flows, and pyroclastic materials concentrated

along the southem portion of the basin are more resistant to erosion.

Erosion has carved deeply incised channels within the LCR basin and has removed large
quantities of sediment in the process (USDA SCS, 1981). The initial widespread incision
observed during the late 19th century, attributable to higher precipitation, resulted in increased
sediment yield from the LCR basin. Beginning in the early 1940s, reduced peak streamflows
resulted in the stabilization of the main LCR channel system with vegetation (Hereford, 1984), and
since the 1940s, sediment transport has been relatively constant throughout the basin (DBS&A,
1994). This relatively stable period of balanced erosion and sediment transport suggests that
sediment transported through the LCR should be roughly equal to the sum of the yields from its
sub-basins.
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The sediment carried through the LCR basin is derived principally from erosion of weathered
bedrock at the head of the various tributaries. Spatial variability of sediment storage sites most
likely results from the non-linear downstream distribution of stream power and sediment-transport
capacity within the channel system (Hereford, 1987). Sub-basins with steeper slopes and
narrower channels have a higher sediment-transport capacity. Along the main-stem, the
sediment-transport capacity diminishes somewhat due to decreased slopes and wider channels.
This reduced carrying capacity results in the storage of sediment within floodplains.

Highly variable discharges within the Rio Puerco, Leroux Wash, and the LCR main-stem below
the Rio Puerco confluence has promoted the development of meandering channels within braided
channel systems. Braided channels are well suited to highly variable discharges since they
accommodate large events without significant changes in channel morphology. At high
streamflows, the braided channel can transport greater quantities of sediment due to the straighter
stream course adopted during bank-to-bank streamflows. The straighter streamflow path results
in a corresponding increase in channel slope, which can create greater shear stress on the
channel bed (Graf, 1988).

The wide floodplains along the LCR between Holbrook and Leupp (Section 2.2) indicate a
decreased sediment-transport capacity through this reach. In comparison, relatively little sediment
is stored along the LCR between Leupp and the LCR confluence with the Colorado River,
suggesting that there is an increase in sediment-transport capacity through this reach.

Sediment-transport relationships developed during Phase | of the LCR study indicate that the
relative sediment loads carried by the LCR increase substantially between Woodruff and
Holbrook, decrease slightly between Holbrook and Grand Falls, and increase substantially again
between Grand Falls and Cameron. These relationships are consistent with channel

morphological observations described in Section 2.2.

Suspended sediment samples collected during the USGS Rio Puerco study (Graf et al., 1993)
contained more than 90 percent silt- and clay-sized materials, while bed material consisted of
medium-grained sands with minor amounts of silt and clay. Bed material samples collected by
DBS&A and the Hopi Tribe indicate that, on average, only 10 percent of the LCR main-stem bed
material is smaller than very fine sand (0.05 mm) (Table 3). According to the suspended
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sediment data collected by the USGS study, approximately 55 percent of the sediment
transported along the main-stem was finer than medium clay (0.002 mm).

The suspended sediment grain-size distributions indicate that silt- and clay-size fractions, which
likely originate from the surrounding hill slopes, are readily transported out of the LCR basin
during streamflow events. The suspended sediment size fraction finer than 0.002 mm is referred
to as wash load for the purposes of this study. Wash load probably accounts for a large
component of the increase in sediment load between LCR-GF and LCR-CAM. Multiple minor
tributaries of short length and high slope drain the highly eroded Triassic Chinle Formation
through this reach. A significant quantity of wash load probably originates from the erosion of
Ward Terrace, located east of the LCR between LCR-GF and LCR-CAM. The Soil Conservation
Service (SCS) reported an average erosion rate for Ward Terrace of 3 to 9 tons per acre per year
(USDA SCS, 1981).
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3. PRECIPITATION/RUNOFF RELATIONSHIPS

DBS&A identified precipitation/runoff relationships for selected tributaries of the LCR for
incorporation into the LCR streamflow model. The relationships were developed using linear
regression analysis of recorded rainfall data at one or more precipitation gages (independent
variable) versus recorded streamflow for a given tributary (dependent variable). Where records
from multiple discharge gages were available for a tributary, the record for the gage closest to
the tributary’s confluence with the LCR was selected for analysis. The precipitation/runoff
relationships identified for each tributary of the LCR represented in the streamflow model are
presented in this section in a logical sequence of upstream to downstream.

Where possible, monthly relationships for precipitation versus runoff were derived. If satisfactory
monthly relationships could not be identified, seasonal relationships were investigated. For this
investigation the four annual seasons are defined as the following grouping of months: January
and February, March through June, July through October, and November and December. The
November through December and January through February seasons are referred to as the winter
months, the March through June period is referred to as the spring runoff season, and the July

through October period is referred to as the monsoon season.

There are several months for which significant precipitation/runoff relationships could not be
identified for each tributary. For these months, the mean and standard deviation of the recorded
discharge were computed and are presented herein. This situation was generally encountered
for months that have relatively low and highly sporadic discharge.

Stacked-bar graphs of average monthly precipitation for several key precipitation stations are
presented in Appendix B. Stacked-bar graphs of average monthly discharge for the tributaries
discussed in this section are presented in Appendix C. The stacked-bar graphs are divided into
three four-month groupings (November through February, March through June, and July through
October) to facilitate seasonal comparisons. For each tributary where significant regression
relationg.hips were identified, monthly or seasonal scatter plots are provided in Appendix D.
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3.1 LCR at Hunt to LCR at Woodruff

The uppermost reach of the LCR streamflow model is discussed in this section. The upstream
extent of this reach begins at the LCR-HNT gage, which is downstream of the confluence of the
Zuni River with the LCR. Within this reach only one main tributary, Silver Creek, enters the LCR.

3.1.1 LCR at Hunt

The LCR-HNT gage is the first point at which streamflow in the LCR is considered in the
streamflow model (Section 4.1). Unsuccessful attempts were made to identify precipitation/runoft
relationships for the Zuni River, which enters the LCR upstream of Hunt, and for the headwaters
portion of the LCR in the vicinity of Springerville and areas farther upstream. Since the average
volume of water passing the LCR-HNT gage is small compared to the average discharge at
Cameron, it was determined that investigation of the portion of the LCR basin above the
LCR-HNT gage was not a wise application of time and resources. The average monthly
streamflow for the LCR-HNT gage for the period of record (1941 to 1972) is presented in Table 4.

3.1.2 Silver Creek

Silver Creek enters the LCR about 4 miles upstream of Woodruff; it is the only major tributary
within the Hunt-to-Woodruff reach (Figure 1). Records are available for two gages on this
tributary: SLV-WD and SLV-SF (Figure 2) for the periods 1930 to 1952 (partial) and 1951 to
1991, respectively. The SLV-SF gage was selected for analysis since it has the most complete
record and is still operational. However, monthly streamflows for each gage were plotted against
each other for the two years of overlap (1951 to 1952); the slope of the regression line was 1.04
with a correlation coefficient (R%) of 0.99. It would seem, therefore, that discharges recorded at
the SLV-SF gage are effectively transmitted to the SLV-WD gage.

The Silver Creek stacked-bar discharge plots (Appendix C) indicate that significant discharge can
occur in Silver Creek in the winter, spring runoff, and monsoon seasons. Significant runoff
generally occurs during the winter months of December through February if heavy rains occur.
Spring runoff occurs primarily during March and sometimes April, whereas the May through June
period is very dry. The monsoon season is characterized by relatively consistent runoff from year
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Table 4. Average Monthly Dlscharge

at LCR-HNT
Average Monthly Flow

Period (ac-ft)*
January 326.3
February 259.4
March 581.2
April 728.7
May 490.9
June 44 1
July 392.2
August 3,476.1
September 1,281.5
October 486.0
November 154.8
December 240.3

* Based on observed monthly values for 1941 to
1972.

to year, although the peak discharges recorded during this season are generally less than those

recorded during the winter months.

Silver Creek discharge correlates best with the Snowflake and Chevelon ranger station
precipitation gages (Figure 2). A summary of the developed regression relationships is presented
in Table 5. Significant regression relationships were determined for the winter months, the
primary spring runoff month of March, and the monsoon season. For the November through
December and January through February periods, suitable regression relationships were obtained
only when the monthly observations for both precipitation and discharge were summed. For the
November through December period, 16 percent of the discharge occurs in November on average
and the remaining 84 percent occurs in December. For the January through February period, 52
percent of the discharge occurs in January on average and 48 percent occurs in February.
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Table 5. Silver Creek Discharge Regression Equations

Standard| Mean Standard
Error of | Discharge | Deviation | Number of
Period Regression Equation R? Q (ac-ft) (ac-ft) | Observations

JS:;?;:;‘_’FGMW Q=9709.8P, -3,059.8 | 0.71 | 5387.1 | 15850 | 4,532.0 13
March Q=4,9362P,-1,955.1 | 047 | 2,736.4 1,971.5 3,149.5 18
April Random NA NA 648.15| 1,997.6 41
May Random NA NA 291.8 672.1 41
June Random NA NA 238.2 326.8 41
July-October Q=9158 P, - 606.0 061 | 1,121.2 1,203.3 1,561.0 80
ﬁ‘;:,”e':l’ffer_oecember Q=2926P,-47832 |088| 24694 | 9650 | 2,518.1 10

Q = SLV-SF discharge (ac-ft)

P, = Summed January-February precipitation at Snowflake corrected for snowfall (inches)

P, = Average March precipitation at Snowflake/Chevelon ranger station (inches)

P, = Average precipitation at Snowflake/Chevelon ranger station (inches)

P, = Summed November-December precipitation at Chevelon ranger station corrected for snowfall (inches)
NA = Not applicable

To obtain average monthly precipitation, the arithmetic average of the observed values for the two
stations was computed. Precipitation corrected for snowfall was obtained by subtracting
precipitation depths recorded during snowfall events from the monthly total.

3.2 LCR Below Woodruff to LCR at Joseph City

The reach between LCR-WD and LCR-JOE is a short but important reach in which the Rio
Puerco enters the LCR. Leroux Wash also joins the LCR within this reach and is potentially a
significant source of sediment to the LCR main-stem. The rainfall/runoff relationships identified
for each of these tributaries are presented in Sections 3.2.1 and 3.2.2.

3.2.1 Rio Puerco

The Rio Puerco enters the LCR about 3 miles east (upstream) of Holbrook (Figure 1). Discharge
measurements are not available for the Rio Puerco near its confluence with the LCR. A gage
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was operational on the Rio Puerco from 1940 through 1949 at Adamana, which is about 18 miles
upstream of the confluence. Due to the limited duration of this gage record, as well as the fact
that streamflows passing Adamana do not record the contribution of about 16 percent of the Rio
Puerco drainage basin (Table 2), it was decided that the best approach would be to determine
Rio Puerco discharge based upon the LCR-HOL and LCR-WD gages. These gages have
coincident records for 1950 to 1973; therefore, the discharge of the Rio Puerco for this period was
obtained by subtracting LCR-WD discharge from LCR-HOL discharge. Where the subtraction
resulted in a negative number (i.e., the upstream streamflow was greater than the downstream

streamflow), Rio Puerco discharge was set to zero.

Stacked-bar graphs of the Rio Puerco discharge thus obtained are presented in Appendix C.
Significant discharge occurs sporadically during the winter months in the Rio Puerco. Very little
streamflow occurs during the period from March through June. During the monsoon season,
substantial quantities of water are produced.

Table 6 presents the precipitation/runoff relationships identified for the Rio Puerco. Significant
relationships were found for the months of February and June through October. Rio Puerco
discharge was found to be best correlated with the average precipitation observed at the Window
Rock and Petrified Forest gages (Figure 2).

2.2 Leroux Wash

Leroux Wash enters the LCR about 2 miles downstream from Holbrook (Figure 1). Although a
continuous stage recorder has never been installed on this tributary, a peak streamflow gage has
been operational since 1980. Since the Leroux Wash drainage basin adjoins the Rio Puerco
discharge basin and has a similar morphology, the Leroux Wash peak streamflows were
compared against the Rio Puerco peak streamflows recorded at Adamana (RP-ADM on Figure 2)
to determine if a scaling relationship based upon the areas of the two basins could be applied.
The peak streamflows at Adamana were used because they were readily available and because
they should be more accurate than peak streamflows determined by subtracting discharge at
LCR-WD from the discharge at LCR-HOL.
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Table 6. Rio Puerco Discharge Regression Equations
Mean Standard
Standard | Discharge | Deviation| Number of
Period RegEfsion Equation R? Error of Q (ac-ft) (ac-ft) | Observations

January Random ) NA NA 3,001.5 | 7,8425 16
February Q=43149P -8789 0.41 1,5633.6 1,634.7 | 2,633.5 18
March Random NA NA 3,348.7 |11,232.5 20
April Random NA NA 1,944.0 | 7,369.8 16
May Random NA NA 385.4 | 1,385.2 17
June Q=19709P -279 0.41 1,069.9 539.6 | 1,054.6 12
July Q =8,4205 P - 5,674.2 0.44 7,474.4 6,647.8 | 9,051.7 18
August Q =28,4765P - 31,3602 | 0.78 15,890.3 24,773.3 |30,809.9 19
September |Q = 11,366.3 P + 166.3 0.54 9,949.8 10,603.5 |13,034.0 18
October Q=7,907.7 P - 2,524.7 0.70 6,128.2 6,099.8 [10,148.2 19
November |Random NA NA 934.4 | 1,486.4 20
December |Random NA NA 1,425.0 | 4,749.4 18

Q = Rio Puerco monthly discharge (ac-ft)
P = Average precipitation at Window Rock and Petrified Forest (inches)
NA = Not applicable

The comparison procedure is as follows. First, the logarithms of the peak streamflows recorded
for the Rio Puerco at Adamana (10 values over the period from 1940 through 1949) and those
recorded at Leroux Wash (12 values over the period from 1980 through 1991) were computed.
Next, the mean and the standard deviation of the log-transformed peak streamflows were
determined, and these values were used to estimate the 100-year peak streamflow using the
following equations:

logQ,p = 1, +2.33 5, (1

Q 2

100 = 101°%%0
p
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where log = Logarithm to the base 10
Q,,,, = Estimated 100-year peak streamflow
i, = Mean of the log-transformed peak streamflows
o, = Standard deviation of the log-transformed peak streamflows

Finally, the 100-year peak, the mean, the mean plus one standard deviation, and the mean minus
one standard deviation peak streamflows were tabulated and divided by the area of their
respective drainage basin. These results are presented in Table 7.

Table 7. Summary of Peak Discharge Comparison
Calculations for the Rio Puerco and Leroux Wash

Rio Puerco Leroux Wash
Discharge ° Q,/A,
(cts) Q, Q/A, Q, Q/A, QA
Qp100 60,388 23.2 16,209 18.9 1.20
1™ 11,447 4.4 3,498 4.1 1.06
10 ) 23,371 9.0 6,755 7.9 1.12
10 -9 5,607 2.2 1,811 2.1 1.00
cfs = cubic feet per second Q, = Leroux Wash discharge (cfs)
Q, = Rio Puerco discharge (cfs) A, = Leroux Wash drainage basin area (mi?)

A, = Rio Puerco drainage basin area (mi?)

The values in the last column of Table 7 should be close to 1.0 if the basins have a hydrologic
response proportional to their respective areas. As shown in Table 7, these ratios are all
reasonably close to 1.0, and the average of the four ratios is 1.1. It seems appropriate, therefore,
based upon this analysis and qualitative physical reasoning, that the hydrologic response of
Leroux Wash may be estimated from that of the Rio Puerco through the use of area scaling.

Accordingly, discharge estimates for Leroux Wash were obtained based upon the
precipitation/runoff relationships identified for the Rio Puerco (Table 6). However, rather than
using the Window Rock and Petrified Forest precipitation gages identified in the Rio Puerco
regressions, the Ganado gage was substituted since it is likely to be more indicative of
precipitation that occurred in the Leroux Wash basin (Figure 2). Finally, monthly discharge
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estimates obtained in this manner were multiplied by a factor of 0.27, which is equal to the Leroux
Wash basin area divided by the Rio Puerco basin area (Table 2).

3.3 LCR Below Joseph City to LCR at Grand Falls

The reach between LCR-JOE and LCR-GF is the longest reach within the LCR streamflow model.
Five major tributaries—Chevelon Creek, Cottonwood Wash, Clear Creek, Corn Creek, and
Canyon Diablo—enter the LCR within this reach. It is within this reach that large spring runoff
contributions from Chevelon and Clear Creeks occur.

3.3.1 Chevelon Creek

Chevelon Creek enters the LCR from the south about 12 miles downstream of Joseph City, or
about midway between Holbrook and Winslow (Figure 1). This tributary, along with Clear Creek
(Section 3.3.3), is distinctly different from others in the LCR basin. For the majority of its length,
Chevelon Creek discharge flows through an incised bedrock channel that drains the forested
uplands of the Mogollon Rim. Although significant streamflows may occur in December, January,
and February, the largest volumes of water are produced annually during the spring runoff
season, primarily during March and April (Appendix C). Monsoon season streamflows are
generally quite small (well below 5,000 acre-feet) on Chevelon Creek.

Table 8 presents the precipitation runoff relationships identified for Chevelon Creek. Significant
regression relationships were found for Chevelon Creek discharge during the winter months of
January, November, and December using the Chevelon ranger station (Figure 2) precipitation
record. Note that the precipitation variable in the regression equations for the winter months is
precipitation at Chevelon ranger station corrected for snowfall, which means that recorded daily
precipitation attributable to snowfall was subtracted from the monthly totals for these months.
This procedure was conducted to obtain an estimate of the rainfall that occurred during a given
month. The months of November and December were summed for each year to obtain a
regression relationship; on average, November accounts for 14 percent of the summed
streamflow and December accounts for 86 percent of the summed streamflow.
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Table 8. Chevelon Creek Discharge Regression Equations

Mean Standard
Standard | Discharge | Deviation | Number of
Period Regression Equation R? Errorof Q| (ac-ft) (ac-ft) | Observations
January Q =8,618.4 P, + 1,503.6 0.76 6,436.1 3,733 8,469 14
February Random NA NA 3,657 4,960 45
March-May |Q = 4,967.3 P, - 7,356.7 0.72 8,178.6 20,556 15,305 31
June Random NA NA 299 187 46
July Random NA NA 439 257 46
August Random NA NA 1,180 1,974 46
September | Random NA NA 874 1,801 47
October Random NA NA 823 2,311.4 48
g°"e"‘be" Q=36144P,- 11494 | 050 | 53362 | 1607 | 3,605 15
ecember

Q = Chevelon Creek discharge (ac-ft)

P, = Pracipitation at Chevelon ranger station corrected for snowfall

P, = Summed November-February precipitation (not corrected for snowfall) at Chevelon ranger station
P, = Summed November-December precipitation at Chevelon ranger station corrected for snowfalt

NA = Not applicable

The best relationships were obtained for the spring runoff season when the most significant
discharge months (March, April, and May) were summed and were regressed against the
summed preceding winter precipitation (November through February) at the Chevelon ranger
station. It makes physical sense that the spring runoff from Chevelon Creek would be related to
precipitation (snowfall) that occurred during the winter months. On average, 53 percent, 40
percent, and 7 percent of the total discharge observed for this three-month period occurs during
March, April, and May, respectively.

3.3.2 Cottonwood Wash

Cottonwood Wash enters the LCR from the north side of the basin about 5 miles east of Winslow
(Figure 1). No recorded discharge data are available for this tributary. In terms of the
morphology of its drainage area, Cottonwood Wash is probably more similar to the Leroux Wash
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basin than it is to any other tributaries of the LCR. As discussed in Section 3.2.2, Leroux Wash
discharge may be estimated based upon Rio Puerco relationships scaled by the ratio of the areas
of the two drainages. By analogy, therefore, discharge was estimated for Cottonwood Wash
based upon the Rio Puerco precipitation/runoff relationships, and the resulting values were
multiplied (scaled) by a factor of 0.54, which is the ratio of the two drainage areas. As was done
for Leroux Wash, the precipitation gage at Ganado (Figure 2) replaced the Window Rock and
Petrified Forest gages in the equation.

3.3.3 Clear Creek

Clear Creek enters the LCR about 1 mile downstream from the confluence of the LCR and
Cottonwood Wash (Figure 1). Clear Creek is very similar to Chevelon Creek in terms of its
channel morphology and hydrologic response. The general overview provided for Chevelon
Creek in Section 3.3.1 applies to Clear Creek as well.

The regression relationships identified for Clear Creek are presented in Table 9. On average,
of the total March through May discharge, 39 percent, 52 percent and 9 percent is attributable
to the months of March, April, and May, respectively. Of the summed November and December
discharge, an average of 26 percent occurs in November and 74 percent occurs in December.

3.3.4 Com Creek

Three of the main washes that occur on the Hopi Indian Reservation—Oraibi Wash, Polacca
Wash, and Jeddito Wash—are Corn Creek tributaries (Figure 1). The channel of Comn Creek
approaches the LCR about 5 miles east (upstream) of the town of Leupp. As detailed in
Section 2.2.2, aerial photographs and field reconnaissance indicate that the channel of Com
Creek undergoes a transition into a broad alluvial plain covered with vegetation about 2 miles
north of the LCR main-stem. Com Creek discharges that do occur are generally insufficient in
magnitude to reach the LCR. Accordingly, Corn Creek discharge to the LCR was considered to

be zero.
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Table 9. Clear Creek Discharge Regression Equations
Mean Standard
Standard | Discharge | Deviation | Number of
Period Regression Equation R® | Errorof Q| (ac-ft) (ac-ft) | Observations

January Q=9,8502 P, + 1,462.5 0.69 9,220.1 4,548 10,645 9
February Random NA NA 4,411 8,867 32
March-May |Q =11,225.2 P, - 23,197.0 | 0.67 | 24,862.6 | 14,001 19,292 29
June Random NA NA 130 285 32
July Random NA NA 125 221 32
August Random NA NA 946 2,783 32
September | Random NA NA 912 2,363 32
October Random NA NA 1,069 3,916 32
November- | _ 83456 P, - 64751 | 0.80 | 12,1065 | 2969 | 10,168 8
December

Q = Clear Creek discharge (ac-ft)

P, = Precipitation at Chevelon ranger station corrected for snowfall

P, = Summed November-February precipitation at Chevelon ranger station (not corrected for snowfall).

P, = Summed November-December precipitation at Chevelon ranger station corrected for snowfall

NA = Not applicable

3.3.5 Canyon Diablo

Canyon Diablo enters the LCR at Leupp. No discharge data are available for this tributary, and

its physical characteristics are somewhat different from other tributaries in the LCR basin that

have been gaged (Section 2). An initial estimate of discharge for Canyon Diablo was based upon

an area scaling with Silver Creek, since Canyon Diablo does not produce the large volumes of

water that Clear and Chevelon Creeks do.

Further, since Canyon Diablo’s drainage basin

consists largely of volcanic rocks that lie at or near the surface, a large potential for high channel

transmission losses exists, thus leading to relatively low discharges at the confluence of Canyon

Diablo with the LCR. The Walinut Canyon gage was used for the precipitation input.
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34 LCR Below Grand Falls to LCR at Cameron

Several estimation methods were used to develop precipitation/runoff relationships for tributaries
within the reach between LCR-GF and LCR-CAM. Relationships were developed on the basis
of geomorphological considerations and measured streamflow data. Measured streamflows
indicate that the reach between LCR-GF and LCR-CAM gains slightly on average, and that the
greatest increase in streamflow occurs during the summer monsoon season.

3.4.1 Dinnebito Wash

Dinnebito Wash enters the LCR from the north approximately 5 miles downstream of Grand Falls
(Figure 1). No recorded discharge data are available for this tributary. In terms of channel
morphology and hydrologic response, Dinnebito Wash is probably more similar to Moencopi Wash
than to any of the other gaged tributaries. Discharge estimates for Dinnebito Wash were based
upon an area-scaling with Moencopi Wash (Section 3.4.3).

3.4.2 Cedar Wash

Cedar Wash enters the LCR from the south approximately 2 miles west of Cameron (Figure 1).
Again, no recorded discharge data are available for this tributary. In terms of drainage basin
morphology, Cedar Wash is most like Canyon Diablo; like Canyon Diablo, the Cedar Wash
drainage basin consists largely of volcanic rocks. Therefore, monthly relationships used at
Canyon Diablo were area-scaled to generate Cedar Wash streamflows (Section 3.3.5). Data from
the Walnut Canyon gage (Figure 2) were used for the precipitation input.

3.4.3 Moencopi Wash

Moencopi Wash enters the LCR from the north approximately 4 miles west of Cameron.
Streamflow has been monitored on a long-term basis at three separate locations along Moencopi
Wash (Figure 2). The MNCP-CAM gage was used for the development of precipitation/runoff
relationships since it recorded streamflows closest to the LCR confluence and thus most likely
represents streamflow inputs to the LCR.
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Table 10 presents the precipitation/runoff relationships developed for Moencopi Wash. Significant

monthly relationships were found for the months of January, March, and August through

November. Moencopi Wash discharge was found to correlate best with the average precipitation

observed at the Betatakin and Tuba City gages (Figure 2).

Table 10. Moencopi Wash Discharge Equations

Mean Standard
Standard | Discharge | Deviation | Number of
Period Regression Equation R? Error of Q (ac-ft) (ac-ft) Observations

January Q=1159P +91.1 0.59 61.1 172.3 88.6 11
February | Random NA NA 165.7 135.9 9
March Q=5219P -334 0.77 201.3 248.9 363.0 8
April Random NA NA 35.0 421 8
May Q=493P + 151 0.60 28.8 23.9 37.2 5
June Random NA NA 213.7 569.8 7
July Random NA NA 1,987.9 3,774.3 9
August Q=46994P -1,3814 0.69 1,576.1 4,189.2 3,879.5 9
September | Q = 1,372.0 P - 481 0.51 950.2 1,602.8 2,003.6 7
October Q=10719P +6.9 0.68 591.1 904.0 1,274.8 8
November [Q =769.1 P - 212.8 0.82 163.5 2517 362.4 11
December | Random NA NA 113.9 63.0 11

Q = Moencopi Wash discharge (ac-ft)

P = Average precipitation at Betatakin and Tuba City (inches)

NA = Not applicable
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4. LCR BASIN STREAMFLOW AND TRANSPORT MODELS

Based on information discussed in Sections 2 and 3, DBS&A developed a streamflow model for
the LCR basin and a sediment transport model for selected portions of the LCR basin. The
purpose of each model is not to exactly match observed streamflows or suspended sediment
loads for a given historical month, but rather to mimic the flow and transport characteristics of the
LCR over the long term. Simulated streamflows obtained from the streamflow model were used
as input to the sediment transport model. Sections 4.1 and 4.2 describe the streamflow model

and the sediment transport model, respectively.
4.1 LCR Streamflow Model

Based upon the empirical relationships presented in Section 3, a streamflow mode!l was
constructed for the LCR. The uppemost node, or point of computation, for the model is the LCR
at Hunt below the Zuni River (LCR-HNT), while the lowermost node is the LCR at Cameron
(LCR-CAM). The streamflow model is constructed on a monthly basis for the period from 1940

to 1990 (calendar years).

4.1.1 Streamflow Model Conceptualization

The streamflow model developed for the LCR between Hunt and Cameron is a cascade-type
empirical model where streamflows are determined at an upstream node first and are then routed
to the adjoining downstream node based on transfer functions. The transfer functions are
themselves functions of streamflow at the upstream node and tributary inflows within the reach
of concem (Section 3.4). A reach is the section of the LCR main-stem between two model nodes.
A schematic diagram of the LCR and its major tributaries is presented in Figure 5.

Monthly tributary discharges are based on the regression relationships presented in Section 3.
The precipitation gages used in the regression relationships are shown in Figure 2. Where
monthly or seasonal regression relationships could not be determined for a certain month for a
given tributary, the tributary discharge for that month was randomly generated from an assumed
normal distribution with a mean and standard deviation as documented in Section 3. For
example, the May discharge for Silver Creek for any given year was obtained by drawing a
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random sample from a normal distribution with a mean of 291.8 acre-feet and a standard
deviation of 672.1 acre-feet (Table 5).

Each of the regression relationships developed for use in the streamflow model have an R?, or
goodness of fit, and standard deviation parameter associated with them. Higher R? values and
lower standard deviation values indicate that the fitted linear regression model is capable of
explaining more of the variation in the observed data. For lower R? values and higher standard
deviation values, the opposite is true. The unexplained variance in the observed data is
addressed using a stochastic approach. This approach is designed to account for the observation
that a certain degree of randomness is typical of hydrologic events in the LCR basin.

A stochastic (random) component was incorporated in the LCR streamflow model by the addition
of a stochastic term to each regression equation. The stochastic term is directly related to the
error inherent in an individual regression equation and takes the following form:

e = to,{1-R? Y

where ¢ = Stochastic error term
t = Random normal deviate (a random sample from a normal probability distribution with

a mean of 0.0 and a standard deviation of 1.0)
o, = Standard deviation of the error of the regression
R? = Correlation coefficient of the regression

Note that € can be positive or negative (depending on t), and the magnitude of the error term
increases with greater standard deviations and smaller correlation coefficients. The random

normal deviate, t, is generated using

t=[fj u}-e ®)

where U = Uniform random number from the interval 0.0 to 1.0
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An example of the stochastic simulation procedure based on the July Rio Puerco regression
equation (Table 6) is outlined below:

Q = 8420.5P - 5674.2 + t(7474.4)y1 - 0.44

detemministic stochastic component
component

where Q = July Rio Puerco discharge (acre-feet)
P = Average precipitation at Window Rock and Petrified Forest (inches)
t = Random normal deviate (as defined above)

The simulated discharge, therefore, is a function of the observed precipitation at the appropriate
rain gages and the stochastic error term. Each time a July discharge value for the Rio Puerco

is simulated, a different value of tis applied.

Finally, the approach outlined above to generate a random normal deviate was also applied to
simulate discharge values during months for which significant regression relationships could not

be identified. Discharges for these months were determined as follows:
QM = Gq t + uq
where Q,, = Tributary discharge for a month M where a regression relationship was not identified
o, = Standard deviation of the observed discharge values for month M

H, = Mean of the observed discharge values for month M

The required means and standard deviations are tabulated in Tables 5, 6, 8, 9, and 10. Where
negative discharges were simulated due to the stochastic component or due to negative y
intercepts in a regression equation, the discharge was set to zero in the model.

4.1.2 Streamflow Model Structure

The streamflow model structure is represented schematically in Figure 5. The streamflows at the
model nodes indicated in that figure are solved consecutively for each month of each simulation

year. For example, a simulation begins with a prescribed input (discharge) for the LCR-HNT
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node. Next, the discharge at LCR-HNT is used in conjunction with simulated discharge for Siiver
Creek in a routing equation (regression) to determine LCR discharge at the LCR-WD node.
Discharge is then simulated for the LCR-HOL node using simulated Rio Puerco and LCR-WD
discharge, and this process continues until the final LCR-CAM node is reached. The model
simulation period consists of 51 calendar years, beginning in 1940 and ending in 1990.

The LCR streamflow model was developed in spreadsheet form using Quattro® Pro software. The
model consists of three main spreadsheets and two supporting spreadsheets. The model is
divided among the main spreadsheets into three portions: from LCR-HNT to LCR-JOE, below
LCR-JOE to LCR-GF, and below LCR-GF to LCR-CAM. The two supporting spreadsheets
contain the precipitation data for the precipitation gages used in the model and the random
normal deviates (t’s) used in the stochastic portion of the regression equations.

4.1.3 Transfer Functions

Transfer functions (regression equations) were developed to route water from upstream to
downstream nodes for two reaches of the LCR streamflow model: from LCR-HNT to LCR-WD
and from LCR-JOE to LCR-GF (Figure 5). The transfer functions are functions of the inflow at
the upstream node and tributary inflows within a given reach. In some cases the statistical
correlation between inflow for a given tributary and streamflow at the downstream node is
insignificant, and that tributary therefore is not used in the routing equations. The transfer
functions were developed based upon observed or estimated discharge for the period from 1950
through 1973, since during this period observed discharge data at Holbrook, and data for most
other key stations, are available.

4.1.3.1 LCR-HNT to LCR-WD. The monthly transfer functions developed for the LCR-HNT to
LCR-WD reach are presented in Table 11. Estimated discharge at LCR-WD is a function of
discharge at LCR-HNT (upstream node) and the discharge of Silver Creek, which is the only
major tributary in this reach. The transfer functions for this reach, therefore, take the general

form:
Qup = a + b,Qur + bQgy

where Q,, = Monthly discharge at LCR-WD (ac-ft)
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Q.nr = Monthly discharge at LCR-HNT (ac-ft)
Qg = Monthly discharge at SLV-SF (ac-ft)
a,b,,b, = Multiple regression constants

Table 11. Transfer Functions for LCR-HNT to LCR-WD Reach

Regression Equation Constants' Number of
Period a b, b, R? Observations
[ January 142.00 ?6 1.05 0.99 22
February 56.68 2.06 1.07 0.98 22
March 164.04 1.90 0.96 0.97 22
April 78.66 0.62 1.62 0.91 22
May 36.53 1.17 1.14 0.61 22
June -334.60 7.15 2.51 0.75 22
July 267.75 2.39 1.89 0.88 22
August 693.33 1.25 2.55 0.94 22
September 1,420.22 0.98 1.20 0.86 22
October -170.83 0.00 3.41 0.91 22
November 151.08 1.13 1.45 0.95 22
December 105.02 1.95 0.87 0.98 22

' Regression constants used in the monthly transfer function calculations: Qup = a + b,Quyr + b,Qgy

4.1.32 LCR-WD to LCR-JOE. Transfer functions were not developed for the LCR-WD to
LCR-JOE reach because (1) this reach is relatively short, (2) inflows to this reach are highly
variable due to Rio Puerco and Leroux Wash discharge, and (3) Rio Puerco streamflows were
estimated using the LCR at Holbrook and LCR at Woodruff records. Rather, the discharge at
Joseph City (LCR-JOE) was computed in the model as the discharge at LCR-WD plus the
simulated discharge for the Rio Puerco and Leroux Wash.

4.1.3.3 LCR-JOE to LCR-GF. Discharge at LCR-GF is a function of the upstream tributary inputs
and accordingly can be estimated using the following water balance:

LCR-GF = (LCR-HOL + CHVLN + CLR)
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On average, the measured streamflows used in this water balance resulted in an annual
estimated water loss of approximately 19,000 ac-ft without incorporating unmeasured streamflows
originating from Leroux Wash, Cottonwood Wash, Com Creek, and Canyon Diablo (DBS&A,
1994). The water loss through this reach is the result of relatively flat, sandy channels that

encourage transmission losses and high evaporation rates.

Monthly transfer functions were developed to route simulated streamflows from LCR-JOE and the
major tributaries to the LCR-GF gage (Table 12). Monthly statistical correlations were determined
using each node as a separate variable in a multiple linear regression equation. Nodal points that
were insignificant in the equation were removed from the final regression equations. Four general
regression equations of the following form were developed:

Qqr = @ + b,Qyoe + B Qgoumy
Qgr = @ + b;Qcor + b,Qsoumy
Qqr = @ + b, Qe

Qqr = a + b,Qgoumy

where Q,,c = Monthly discharge at LCR-JOE (ac-ft)
Qgoury = The sum of monthly discharges from Chevelon Creek, Clear Creek, and Canyon
Diablo (ac-ft)
Q.o = Monthly discharge from Cottonwood Wash (ac-ft)

4.1.3.4 LCR-GF to LCR-CAM. Due to the lack of measured data for tributary streamflows, no
attempt was made to develop monthly routing equations for this reach. Rather, simulated
streamflows from each of the three tributaries were added to the streamflows simulated at
LCR-GF to obtain discharge at LCR-CAM.

4.1.4 Simulation Results

The streamflow simulation results presented in this section are for a single model run (or
realization). In other words, the stochastic component of simulated discharge was only generated
one time. The monthly simulated and observed streamflows for the model run presented herein

are provided in Appendix E.
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Table 12. Transfer Functions for LCR-JOE to LCR-GF Reach
Regression Equation Constants' Number of
Period a b, b, R? Observations

January? 438.7 0.02 1.02 0.93 22
February® -799.8 0.85 1.01 0.94 22
March® -4,131.4 2.19 1.02 0.97 22
April? -3,341.6 0.57 1.10 0.99 22
May? -1,478.1 1.28 1.07 0.96 22
June* -809.2 1.49 NA 0.87 23
July* -724.0 0.56 NA 0.77 23
August® -1,295.5 0.44 1.63 0.83 23
September® | 3,933.4 0.96 0.78 0.63 23
October® -14.0 0.11 2.04 0.94 22
November® -2,240.7 1.03 1.44 0.87 22
December® 159.01 0.51 NA 0.84 22

[ A

NA = Not applicable

The streamflow model simulation results were compared against observed data at three key
model nodes (stations): LCR-HOL, LCR-GF, and LCR-CAM. The average annual discharge, the
standard deviation of average annual discharge, the average monthly peak for each year, and
the standard deviation of the average annual peak streamflow were selected as comparison
statistics. At LCR-HOL, the gage record for October 1949 to June 1972 was used for the
comparison with simulation results. At LCR-GF and LCR-CAM, the reconstructed record for 1940
to 1990 (DBS&A, 1994), which includes observed data where available, was used to compare the
simulation results. To obtain the simulation results presented in this section, the initial simulated
discharge for Canyon Diablo was reduced by 50 percent.

Regression equation
Regression equation
Regression equation
Regression equation

2125(11)\BSN-MODL.D94\L.CR-MODL.D94
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The comparison statistics are presented in Table 13. At LCR-HOL, the average annual simulated
discharge is 32 percent higher than the observed average annual discharge. The overprediction
occurs primarily as a result of higher than observed simulated discharge during the winter months.
The average of the peak monthly simulated streamflows at Holbrook is 7 percent higher than the
observed average, which is a good match.

At LCR-GF, the simulated average annual discharge is 17 percent higher than the reconstructed
(observed) average annual discharge, but the average simulated peak monthly discharge is 28
percent lower than the observed average. The standard deviations of the simulated streamflows
(annual and monthly peak) are also lower than those of the reconstructed data. These results
indicate that the simulated average annual discharge at LCR-GF is in reasonable agreement with
the reconstructed data set, although the simulated discharges are not as variable as those
observed in the field. This result is not surprising, since it is often very difficult to simulate the

extreme events that occur in natural systems.

The simulation results for LCR-CAM are similar to those obtained for LCR-GF. At LCR-CAM, the
average annual simulated discharge is 26 percent higher than the annual average of the
reconstructed (observed) data, and the average simulated peak monthly discharge is 29 percent
lower than the observed average. The standard deviations of the simulated streamflows (annual
and monthly peak) are significantly lower than those of the observed data.

The bottom two sections of Table 13 present the simulated and observed increases in discharge
between the LCR-HOL and LCR-GF and between the LCR-GF and LCR-CAM stations. These
data are presented to illustrate the point that, when examined as a percentage of total streamflow
at a downstream gage, the simulated increase in discharge between gages on the LCR main-
stem are reasonable. It would seem that the overestimation of average discharge at Grand Falls
and Cameron is due, at least in part, to the overestimation of discharge at Holbrook.

Time series of the simulated and observed discharge for LCR-HOL, LCR-GF, and LCR-CAM are
presented in Figures 6, 7, and 8 respectively. These plots indicate that the simulation results
mimic the natural behavior of the LCR streamflow system relatively well, although the extreme
discharge events tend to be underestimated, and periods of observed no-flow or very smail flow
tend to be overestimated.
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Table 13. Summary Statistics of Simulated and Observed
Discharge for the LCR at Holbrook, Grand Falls, and Cameron

Average Peak
Average Annual Standard Monthly Standard
Discharge Deviation Discharge Deviation
Type of Discharge (ac-ft) (ac-ft) (ac-ft) (ac-ft)

LCR at Holbrook
Observed 90,376.6 56,979.5 45,829.7 33,140.9
Simulated 119,254.1 67,246.1 49,074.0 55,887.4
Percent difference 32 NA 7 NA
LCR at Grand Falls
Observed 163,024.8 116,323.7 65,077.0 47,325.0
Simulated 191,054.6 57,747.9 46,573.0 19,396.9
Percent difference 17 NA -28 NA
LCR at Cameron
Observed 173,166.1 118,758.3 69,499.5 50,942.5
Simulated 217,848.4 62,893.0 53,076.4 19,822.0
Percent difference 26 NA -24 NA
Increase from Holbrook to Grand Falls
Observed 61,948.0 NA 11,950.2 NA
Simulated 71,800.6 NA -2,501.0 NA
Percent difference’ 6 NA -9 NA
Increase from Grand Falls to Cameron
Observed 10,141.3 NA 4,422.5 NA
Simulated 26,793.7 NA 6,503.4 NA
Percent difference’ 10 NA 1 NA

'Asa percentage of observed average annual discharge at the downstream gage

NA = Not applicable
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42  Sediment Transport Model

The simulation results obtained from the streamflow model described in Section 4.1 were used
as input to a monthly sediment transport model developed for selected nodal points. To date,
simulated monthly sediment yields have been produced for LCR-GF, Dinnebito Wash, Cedar
Wash, Moencopi Wash, and LCR-CAM. In addition, an event-driven model was developed for
the Rio Puerco in order to evaluate sediment contributions and concentrations for a range of

streamflow events.

4.2.1 Sediment Model Conceptualization

For the dry washes, the maximum 3-day discharge events contribute the majority of the measured
monthly discharge and, consequently, the majority of the sediment yield for each respective
tributary. Since the Rio Puerco exhibits significant controls over the discharge and sediment
loads transported through the LCR main-stem, an event-driven model was developed for the Rio
Puerco watershed. The runoff and sediment yield computer program called ARMSED, developed
by the U.S Army Corps of Engineers for semi-arid, eveni-dn‘ven systems, was used to estimate
streamflow and sediment yields from specific storms. ARMSED characterizes each runoff event
with a set of mathematical equations that approximate physical processes such as infiltration,
runoff, erosion, and sediment transport. Preliminary model runs confirmed that short duration
runoff events can produce the majority of the monthly sediment load delivered from a tributary

to the main-stem.

In order to develop relationships between mean daily discharge (in cubic feet per second [cfs])
and sediment loads, the USGS data set from the Rio Puerco study (Graf et al., 1993) was
evaluated for correlations between mean daily discharge and sediment load. Measured data from
the Rio Puerco at Chambers (RP-CHM), LCR-WD, LCR-JOE, LCR-GF, and LCR-CAM were
plotted, and regression models of discharge versus sediment transport were developed.
Statistical correlation did not improve significantly by performing log transformations of the data
set. Linear relationships suggest that sediment concentrations are relatively constant for the
ranges of stream discharge and suspended sediment measured.
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Since discharge and sediment loads appear to be linearly correlated (DBS&A, 1994), monthly
simulated streamflow volumes obtained from the LCR streamflow model were used as input to
a sediment transport model. Monthly sediment loads were generated following the general

procedure outlined below:
1. Divide the monthly total discharge by 30 days to determine mean daily discharge.

2. Calculate the daily sediment load transported through a given node using the appropriate
mathematical equations and input parameters for that node, as described in Section 4.2.2.

3. Multiply the simulated daily sediment loads by 30 days to determine monthly sediment
loads.

422 Sediment Transport Model Structure

The sediment transport routines within the ARMSED computer code were modified to accept
monthly discharge, channel geometric parameters, grain-size distributions, and erosion and
transport parameters directly from the user and to provide monthly sediment load output for the
nodal point of interest. Mathematical equations developed by Einstein and by Meyer-Peter and
Muiler are used to approximate sediment transport (Riggins et al., 1989a, 1989b).

The program was constructed to read two input files, which contain information for a maximum
of 15 stations. The first input file contains the physical and model-related input parameters for
each station (e.g., channel slope, particle size distribution, etc.), and the second input file contains
the monthly discharge values for each station. Model output is run through a postprocessor which
provides sediment load distributions based on grain-size and average monthly sediment load,
average monthly discharge, and suspended sediment concentration for the period of interest. The
sediment transport routines extracted from the ARMSED code and subsequently modified were
linked in a computer code called LCRTRAN.FOR. Both LCRTRAN.FOR and the postprocessor,
POST.FOR, are written in the FORTRAN 77 programming language.

The channel geometric parameters were determined from regression relationships developed for
discharge and cross-sectional area (A), discharge and average channel width (W), and discharge
and average channel depth. Linear and log-log relationships were generated for each of these
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relationships. Log-log relationships consistently provided the best correlation between the
variables of interest (Table 14). Graphical plots of discharge versus cross-sectional area for
selected stations are provided in Appendix F.

Ten grain-size distribution intervals were input for each nodal point using the distribution
determined from sieved bed material samples and USGS wash load data measured: during the
USGS Rio Puerco study (Graf et al., 1993). Each grain-size division is based upon 10 percent
of the sediment (by weight) being contained within the designated grain-size interval. The
sediment loads were lumped in the following classes for purposes of calibration: coarse load
(percentage of sediment greater than 0.125 mm), suspended load (percentage of sediment
between 0.125 and 0.002 mm), and wash load (percentage of sediment less than 0.002 mm).

4.2.3 Simulation Results

The final input parameters for the LCR sediment transport model are provided in Table 15.
Although up to 15 stations, or points at which sediment transport is simulated, can be entered into
the model at once, the sediment transport at each station is simulated independently within the
model. In the LCR sediment transport model, 5 stations (2 along the LCR main-stem and 3 on
tributaries) were initially considered: LCR-GF, Dinnebito Wash, Cedar Wash, Moencopi Wash,
and LCR-CAM.

In order to calibrate the sediment transport model, the input grain-size distribution was first
developed for each station based on the values presented in Table 3. Along the LCR main-stem
and the Rio Puerco, the sampled grain-size distributions are very similar. The geometric mean
of the observed grain sizes, therefore, for the Rio Puerco at Navajo, the LCR at Holbrook, the
LCR above Grand Falls, and the LCR above Cameron were computed and used as model input
for the LCR-GF and LCR-CAM stations. Based upon USGS suspended sediment concentration
data for Grand Falls and Cameron, a minimum grain size of 0.002 mm was selected (the USGS
data indicate that, on the main-stem, about 55 percent of the suspended sediment has a grain
size less than 0.002 mm). This portion of the suspended sediment is called wash load. The
grain size for percentage intervals not tabulated in Table 3 was obtained through linear
interpolation of the tabulated values. A maximum grain size of 0.5 mm was selected based on
the sieve analyses results presented in Appendix A.
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Table 14. Channel Cross-Sectional Relationships for Selected Gages

Number of
USGS Gaging Station Regression Evaluation' R? Observations

Silver Creek near Snowflake | log (A) = 0.35 + 0.72 log (Q) 0.99 4
log (W) = 0.94 + 0.26 log (Q) 0.95 4

_ log (D) = -0.57 + 0.47 log (Q) 1.00 4
- LCR at Woodruff log (A) = 0.35 + 0.68 log (Q) 0.98 17
log (W) = 1.10 + 0.23 log (Q) 0.93 17

log (D) = -0.62 + 0.41 log (Q) 0.94 17

LCR near Joseph City log (A) = 0.66 + 0.58 log (Q) 0.98 18
log (W) = 1.33 + 0.28 log (Q) 0.75 18

log (D) = -0.52 + 0.26 log (Q) 0.80 18

LCR at Grand Falls log (A) = 0.69 + 0.58 log (Q) 0.91 9
log (W) = 1.02 + 0.33 log (Q) 0.87 9

L log (D) = 0.28 + 0.25 log (Q) 0.90 9
[ Moencopi Wash at Moencopi | log (A) = 0.18 + 0.69 log (Q) 0.98 13
log (W) = 0.84 + 0.37 log (Q) 0.93 13

log (D) = -0.52 + 0.26 log (Q) 0.91 13

LCR near Cameron log (A) = 0.46 + 0.66 log (Q) 0.97 18
log (W) = 0.91 + 0.37 log (Q) 0.86 18

log (D) = -0.41 + 0.29 log (Q) 0.89 18

' Regression equation vanables: A = Channel cross-sectional area (square feet)

W = Channel width (ft)
D = Channel depth (ft)

Q = Discharge (cubic feet per second)
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Table 15. Sediment Transport Model Input Parameters

Dinnebito Cedar Moencopi
Model Input Parameter | LCR-GF Wash Creek Wash LCR-CAM
Detachment coefficient [ 1.0 1.0 1.0 1.0 1.0
DELTS 0.03 0.03 0.03 0.03 0.03
AGB regression coefficient 7.5 13.5 13.5 13.5 10.3
Wash load sediment concentration 247 90.0 6.6 162.0 354
Channel slope 0.0007 0.0031 0.0231 0.0031 0.0012
Regression line intercept’ 0.69 0.18 0.35 0.18 0.46
Regression line slope’ 0.58 0.69 0.72 0.69 0.66
Regression line intercept? -0.28 -0.52 -0.57 -052 -0.41
Regression line slope® 0.25 0.26 0.47 0.26 0.29
Grain-size distribution (mm)®: D, 0.002 0.002 0.002 0.002 0.002
Dy, 0.00256 0.00256 0.06 0.00256 0.00256
Dy, 0.00412 0.00412 0.085 0.00412 0.00412
Ds, 0.09 0.09 0.11 0.09 0.09
D, 0.1125 0.1125 0.13 0.1125 0.1125
Dy, 0.135 0.135 0.15 0.135 0.135
Dy 0.17225 0.17225 0.2175 0.17225 0.17225
(D 0.2095 0.2095 0.285 0.2095 0.2095
Dy 0.24675 | 0.24675 0.3525 0.24675 0.24675
Dy, 0.284 0.284 0.42 0.284 0.284
Dy 0.50 0.50 0.50 0.50 0.50

! Regression of log-discharge (cfs) versus log-cross-sectional area o)
2 Regression of log-discharge (cfs) versus log-flow depth (ft)
3 Subscripted number (e.g., in D,,) refers to the percentage of sediment that is less than or equal to the indicated grain diameter

DELTS = Shield's dimensionless critical shear stress (model results are not sensitive to this parameter)
AGB = Empirical regression coefficient in Meyer-Peter and Muller sediment transport equation
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The input grain-size distributions listed in Table 15 are divided into 10 percent intervals by weight.
For example, for LCR-GF, 10 percent of the sediment is prescribed to have a grain size greater
than 0.002 mm but less than 0.00256 mm (the D, to D,, interval), the next 10 percent of the
sediment has a grain size greater than 0.00256 mm but less than 0.00412 mm (the D,, to Dy,
interval), and so on for the remaining intervals. The input grain-size distributions are indicative

of the sediment found in the channel only.

Once the grain-size distributions for the main-stem stations (LCR-GF and LCR-CAM) were
decided upon, the model was run iteratively in an attempt to match observed and reconstructed
suspended load sediment concentrations at LCR-GF and LCR-CAM. The periods for which
observed suspended sediment loads are available are provided in Figure 4. The methods used
to reconstruct suspended sediment loads for the LCR-GF and LCR-CAM gages is documented
in DBS&A’s previous progress report (1994). For simplicity, the terms "observed sediment
concentration" or "load" as used in the remainder of this section refer to both the observed and

reconstructed sediment transport records.

The observed sediment concentrations were matched primarily through adjustment of the AGB
model input parameter, which is a regression coefficient in the Meyer-Peter and Muller sediment
transport equations. During the calibration process, it was assumed (based on the USGS data)
that 55 percent of the total suspended load was wash load. Wash load is not simulated explicitly
in the model since this sediment is not derived solely from the stream channel. Therefore, the
suspended sediment simulated by the model, which is that portion of the sediment load between
0.002 mm and 0.125 mm, was divided by a factor of 0.45 (i.e., 1.0 - 0.55) to obtain an estimate
of the wash load sediment mass. The estimated wash load was then added to the suspended
load simulated by the model to obtain the total suspended sediment load.

The model simulation results are summarized in Table 16, and time series plots of the simulated
and observed suspended sediment at LCR-GF and LCR-CAM are presented in Figures 9 and 10,
respectively. The simulated and observed monthly sediment discharges for LCR-GF and
LCR-CAM are provided in Appendix E. As indicated in Table 16, the simulated and observed
suspended sediment concentrations match very well. Once an average wash load sediment
concentration was determined through model calibration, that concentration was prescribed as
a model input so that predictive simulations could be conducted in the future.
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Table 16. Summary of Sediment Transport Modeling Results
Simulation Results
Average Observed
Average Average Bed Suspended Suspended
Suspended Load Average Sediment Sediment
Sediment Load Sediment Discharge | Concentration Concentration
Station/Tributary (tons/month) (tons/month) | (ac-ft/month) (tons/ac-ft) (tons/ac-ft)
LCR-GF 718,224 7,838 15,921 45 "~ a5
Dinnebito Wash 60,794 587 585 104 NA
Cedar Wash 7,339 208 736 10 NA
Moencopi Wash 177,207 1,856 912 194 185.7
LCR-CAM 1,160,380 22,383 18,154 64 64.7

NA = Not available

Once the sediment transport model was calibrated for the two LCR main-stem stations, sediment
transport was simulated for three tributary stations within the LCR-GF to LCR-CAM reach. Of
these tributaries, suspended sediment concentration was available only for Moencopi Wash. The
Moencopi Wash station, therefore, was calibrated to the available data, and the model input
parameters for Moencopi Wash were transferred to Dinnebito Wash, which has a similar
morphology. For Cedar Wash, the observed grain-size distribution and model input parameters
that maximize the transport of sediment were applied. The sediment transport modeling results
for each of the tributaries are also presented in Table 16.

A sediment mass balance calculation can be made based upon the summary data in Table 16.
The average suspended sediment load increases between LCR-GF and LCR-CAM by 442,156
tons per month. However, the contribution of the increased sediment load attributable to the three
tributaries is only 245,340 tons per month. On average, therefore, the transport model results
indicate that about 200,000 tons per month of suspended sediment is contributed to the LCR
main-stem within the LCR-GF to LCR-CAM reach by numerous small tributaries that were not

incorporated into the model.
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5. SUMMARY AND CONCLUSIONS

This progress report summarizes the LCR streamflow and sediment transport models developed
by DBS&A in support of Phase |l of the Little Colorado River Basin study. The purpose of this
study is to produce a management tool which can be used by the Hopi Tribe and the Glen
Canyon Environmental Studies to evaluate the hydrologic character of the LCR basin. During
Phase Il of the study, background data and information were reviewed, basin geomorphology was
analyzed using aerial photographs, several field reconnaissance trips were completed, a basin-
wide precipitation/runoff model was developed, and a sediment transport model, which can use
measured or simulated streamflows, was constructed for the LCR-GF to LCR-CAM reach.

Based on Phases | and Il of the study, the following preliminary conclusions can be made
regarding basin hydrology and the current predictive capabilities of the model:

« The bimodal distribution of precipitation within the LCR basin controls the runoff process.
Winter storms concentrate precipitation along the southem highlands, which produce
winter streamflows and spring runoff in response to snowmelt. Summer monsoonal
storms create runoff throughout the basin in direct response to the rainfall inputs.

« Annual and average monthly streamflows indicate that the duration, period, and magnitude
of runoff events vary greatly within the LCR basin. Streamflow characteristics appear to
be controlled by basin characteristics such as vegetative cover and watershed
geomorphology.

« A significant change in the LCR channel morphology occurs below its confluence with the
Rio Puerco. The Rio Puerco above the confluence is similar to the morphology of the
LCR below the confluence in that the Rio Puerco contains abundant sediment and the
meander belts are contained in larger, relatively straight and braided channels which are
approximately equal in width to the LCR below the confluence.

* The wide floodplains along the LCR between Holbrook and Leupp indicate a decrease in
sediment transport capacity through this reach. In comparison, relatively little sediment
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is stored along the reach between Leupp and the LCR confluence with the Colorado
River, suggesting an increase in sediment transport capacity through this reach.

« According to the USGS Rio Puerco study (Graf et al., 1993), approximately 55 percent of
the sediment transported along the main-stem was finer than medium clay (0.002 mm).
In contrast, bed-material samples collected along the main-stem consisted of only
10 percent particles that are finer than very-fine sand (0.05 mm). The size fraction that
is finer than 0.002 mm is referred to as wash load. Wash load is a large component of
the measured increase in sediment load between the LCR at Grand Falls and the LCR

near Cameron.

» Monthly precipitation/runoff relationships were developed for each of the major tributaries
within the LCR basin. For those months in which significant precipitation/runoff
relationships could not be identified, the mean and the standard deviation of the measured
streamflow record were determined. For tributary streams where measured streamflow
data were sparse or non-existent, an area-scaling approach was used to transfer
relationships generated for similar, gaged tributaries to the ungaged watershed.

» Based on the empirical precipitation/runoff relationships, a streamflow model was
constructed on a monthly basis for the time period of 1940 to 1990. In order to simulate
the unexplained variance in the empirical relationships, a stochastic component was
incorporated into the LCR streamflow model. Summary statistics developed from the
model output indicate that the model consistently overpredicts streamflows by
approximately 10 to 30 percent and results in less variance than measured streamfiows.

» On average, the major contributing streamflow drainages are the Rio Puerco, Clear Creek,
Chevelon Creek, Silver Creek, the LCR above Hunt, Cottonwood Wash, Leroux Wash,
Canyon Diablo, Moencopi Wash, Cedar Wash, and Dinnebito Wash. Corn Creek does
not appear to contribute significant quantities of water to the LCR main-stem.

» The simulated streamflows were used in a sediment transport model developed for nodal
points within the basin. The model output provides the user with sediment load (in tons
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per month) based on user-specified grain-size distributions. A preliminary model
calibration was performed for the reach between LCR at Grand Falls and LCR near
Cameron using inputs from the major tributaries of Dinnebito, Cedar, and Moencopi
Washes. Simulation results indicate that substantial sediment wash loads must be
contributed to the LCR main-stem directly from short tributaries currently not incorporated

into the model.

Additional model refinement is scheduled to be completed in 1995. During this period the
streamflow overprediction and sediment contribution from the remaining major tributaries and
minor tributaries along the lower reaches of the LCR will be investigated. DBS&A has submitted
to the Hopi Tribe a proposal that outlines a scope of work for Phase Il of the LCR Basin study.
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APPENDIX B

STACKED BAR
GRAPHS FOR KEY
PRECIPITATION STATIONS



ion

for Betatakin Stat

ipitation

Observed Prec

NN |

ST

NRRNNRIRNNNRNRN RN |

S

S ST

ST

[T

ST

NN

QNN

UMY

NN

QRN

ST

[z

QRN

7777777777z

[ 77777z7727z7zzz7zz7za

[ R 272207772222

S 7777z77z7z7zzzzzz2zz7zz2zz2
B
rrrzzzzzzzzzzzsa

722227222

NN 277

[T [z
777z
SN i 7

ST

2272777zzrrzzza

NNNRURNNNNRNRRNNNR RN RN

W

S iz

DN L A

November B December B January @ February |

222

QNN A 2
N VNN
ANNDNODNNNNNNNN R ol - SIS

NN -

|x|

Water Year

[0 o LI

zzzzzzza

S ST [z

W22

NN 5 77

2222222

N SIS

NN 2 222
NN 777,

NN VNN YIIIILISLSS LSS LSS LSS LSS SIS o

ST i

N VNI 777,

S 2

S [z

NN | Rz

P22

A

A

N

T : 2222

[ RZzrrzzza

2222

Ib|

ST 222

[T 22222

NNNNNNNNNNNNNNNNNNNNN

14.00

12.00

10.00

8.00
00

(sayoui) uonendisaid

T T ™7 T T T

: 8 E

c661

0661

8861

9861

861

2861

0861

8.6l

9.6l

v.61

cl6l

0.61

8961

9961

961

961

0961

8561

9561

ysS6l

2561

0s61

8v61l

ov6l

6l

v6l

or6l




ion

for Betatakin Stat

ipitation

Observed Prec

AN

ST 22224

NIRZZZ4

ST - S S

QNN

NN VM I

1 2222z

[z

N 2

2222

[ [z

Z7zzzzz

[ iz

SRR

S [z

N

[T 222

N 2222

RS

ST 222722

QNN

N

NN 77777277222
crrrrrrrrrrESs]

NN U 2 2777,
N2

NN 2277

Year

ST [zzzZzzzza

NN 1

IN March B April EMay & June |

NI 2272277224

222

W22

] 2222227222722

-1 2

TS

N ) 222222

[T zzzza

SIS

[IIIZ222222228

B

AN 22222

[ R

NN MW - 7700

DN

NN - G

AN T

ST [z

R 22

222

ST

NN - S

14.00

12.00
10.00
8.00
00

(sayoui) uonendioaid

T T ™

8

o

0.00

2661

0661

8861

9861

v861

42512

0861

8.61

961

V.61

cl6l

061

8961

9961

961

2961

0961

8561

9561

vS61

2s6l

0s61

8v6l

ov61

yv6l

cv6l

o6l




ion

Stat

in

for Betatak

ipitation

Observed Prec

S SSSS T T T s

ST

AN

ST

1

T

ST

ST

NN ) -

ST

ST

S S

XU

NN

ANNNRNNNNRNRNNRNNNNNNNN ]

NN

ANNRNNNNNNNNNNNNNNNNS | H

ANNNNNNRRNNNNNNNNNNN ]

SN

S

T

NN

ANNNINIRNNNNNRNNN

[z

[T [z

AN 5 224

ez

B 7777777777722

S e ZZ22222722272722724

[77z7zzzazedz

VNN 000 LSS SISISIIISIIIIIIIIIITS

prrzzzz

[T [z

NN ) 222

NN ) -

AU 7

L YILSSSISSISSSSSIS.

YLLLILL LI /LIS I/ L LIS LSS L LS LSS SIS0

7727727 77772z

77
OXUNNRUNNNRINNNRNR NN 222
NI - 3

2222

22222
ST prrezzzzz
7z,

[R22777777777Zzrzzza

L YSIISISS LS LIS IS SIS

2777777772222

772z

222

S

22222

NN W 3

Il 724

ORI 3 - 2

2222224

P22

NN . Pz

2777z

227777777777z

[T 2727222223

[T LI/II1H

2z

YLLIIIIIIIIIIYS.

AN 22

NN

- 222

[7z277zzzzzzzzzzza

2777777777777 7rriiiiiiidzzzz

O

22

NN [pzzzzzz,
NN N i LY
QOO ) A

[z

14.00

12.00

10.00

T T T T T T T

L]
o o
3 3
o ©

(sayaoui) uoneydisaid

T T T T

2.00 -
0.00

2661

0661

8861

9861

v861

2861

0861

8/61

9/61

vi61

cl6l

061

8961

9961

961

2961

0961

8561

9561

yS61

2s6l

0S61

8v61l

ov61

6l

vel

or6l

Year

October I

N July B August B September




Observed Prec

ion

for Chevelon Ranger Stati

ipitation

NN R -

QNN

AN

AAVANNNNRNNNNNNNNNNNNNNNNN e

AN N

SRR

NN - 7

QNN s ‘ L YN

AN e i
AN Jlllliiiiiiiliizza
ANV | 7z

NN g

[ rrzzzzzzzzz

7777z

Sz
AN A 3

SN O T s

izzzzz7z22zz77z77777777zz777z77zzgizg7marzzz

QANNNNNNNRNNNNNNNNNNNNNS T - 72277
|

S22

QNN
U N O D R
liiiiiaiiiizizzzza

NN | 2z

NN (i I

N L e Al

22222224

YIS ISASs.

Rz

NN L YIS

DN (T

SRz

NN A SIS LSS,

SIS iz

NN 222222

NN % pd

DO -+ 77,

DN | Wz
S e

AONNNNNNNNNNNNNN [z

SIS

NN SIS LS

NN N LSS LSSSSSSLSSSISLSSSSSSSS SIS SIS
S OO RRRRR S o YIISLILISS S S s
NN 7z

QNN

NN

AN

2222777277777

S ST

16.00

14.00

12.00

10.00
8.00

AN i
NN L YIS0
Yllluazzga
™TTT ™TTT T T T Tt
3 8 3 8
©o < N o

(sayout) uonendioaid

0661

8861

9861

861

2861

0861

8.61

9/61

.61

cl6l

061

8961

9961

v961

2961

0961

8561

9G61

¥S61

cs6l

0s61

8v6l

ov6l

vv6l

vel

or6l

Water Year

IN November B December E January @ February ]




Observed Precipitation for Chevelon Ranger Station

NN

S S T

S

[T ; p777z7z72z7z2zz222
S22z adazazizizia
AN

ST [z

SIS Yz
ST rzzzzzzzzzzzzzzzzzZzzZzZz

QNN iz

NN PrrrzzzzzzzzzZzzzzzzzzza

L iz

[ prrrzzzzZzzzzz:y3ezZz

ST [rrzzzzzzzzzZZaddZrzzza

7zz77zzzzzzzZz2eZ27z2z

[T iz zrzgmrzrrrrrrriiarz

QNN T 2 [z

FOERLEEEE
i pZz7z77zzz7zZzzzza
SIS
llididigaaiaiaipiuiairiiizzizizz ‘3z

ANOERERINIRINININNRRNRNNNNN

L st A

) Erirrrzzzgizazz

T e

1 222222222

QNN T - [z

N2

NN h SILLSASSL,
NN ) [7zzzzzzzzzzzZ

ez

DN

rrzzzzzzzzzzzzzzzea

VL 007

ST

ST rrzzzz7zzzZzZzZaZzzZz

QNN rrrrrzzzzzzzz

AU RN {1
QNN H zzzzzirizzzzzzrrzizzzzz

N prrrzzzz,

P 7 277722
[T rrzzzzZzzzz
NN 2070

ANNANNNNNRRNNNNNNNNNN T 22224
N7 777777777z

PR - 7y,

I z rrzzzzzzzzzzz¢zez

rzzzzzz

rrriizzzzrzzzzzzzzzzzzzzzzziaizaza

10.00

AN i i za

o o (] o [=] o o o

8 3 3 3 8 8 8 8 8 3
[} © ~ ©o wn < [y} N -~ o

(sayoui) uoneyndisaid

066l

8861

9861

861

2861

0861

8.6l

961

v.i61

cl6l

061

8961

9961

961

2961

0961

8561

9s61

561

2s6l

0s61

8v61l

or6l

el

Zv6l

ov6l

Year

June l

IN March B April EMay




Observed Precipitation for Chevelon Ranger Station

NN

QNN T

SN R

BN g

S

s

NN R i SR L Y SIIISIILS.

| ST L YIS

DN ] il

NN ll [T 2227777277777z

PR 3 Y lllidiiiiaiiiiidd
NN R oS lebedeledelsele J i

NN g - il
UL b Yl

NN

i L YIS
NN N i 7,

| i ST przzzz

AN el e e ol e i Yl

DN

RN Z777rzrzzzizizaizzizz

|
NN T LR L YIS LSS L

< YIIIISSIS LSS IS LSS SIS SIS
LTS Yz

|
! R przzzzzzz
|

Ll YIS SIS
AONNNNNNNRNRNNNNRNNNNNRNRNNNNNNNNNY R 7722
TERREERTRRRRRRREnnnn - SLISLSLLLSSSSSSLLSL LSS LS SIS SS LS Y L,
N 5 : R 7z

QNN | - o S Zzrrrirrizzzz

1) - S R77777777z7777rzz7z77z7z737z7zza
I

NN SISSLSLSSSLLL LS LSS LSS IS SIS

W Ldddiiiiiiddaiiidaididdd

[l

NN g (il

NN

i L S plliiuaaua

AN jd

ANNNINININNNNNNNNNNNONNNNN ] [z

AA0ANRNIRIRITITITIRINININNRINNINNNNN |

i

[ P23

AN zzzzzzzzZz7z’;3s ez
AN 3 pZ72277z72772z72z722727 2727777727772

77777727777 7772777z727777022

N - 7777777z zrzzr7zzza

rrrzzzzzzzZzZZEaeyzzrzz,

L LISLLLS LIS LSS IS,

ST rz772zz77zzzzzzzzzZzzg

s SIS,
VNN G 5 = 5 SIS

AN 1

" 8 8 7727777777722

AOURNRUIRNRNRNRINNRINIRNNNN

Jruaaaa

LU s - Ll YA,

NN rzzzzzzzz,a

RN R rizzzzzza

QAN g prrrzzzzzazza

20.00

18.00

16.00

14.00

[=] o o o o o
2] 3 8 ] 8 8 8
N o [+ ] [{e] < ~N o
o °

(sayoui) uonenudioaid

0661

8861

9861

861

42517

0861l

8.6l

9.61

v.i61

L6l

061

8961

9961

961

2961

0961

8561

9561

vS61

2s61

0s61

8v6l

ov61l

6l

[a4<1%

ov6l

Year

INJuIy B August B September B October |




ion

tation for Ganado Stat

ipi

Observed Prec

S

ARV

QNN g

N |

QNN W

NN Y e

QNN

QNN

T

DUV T

prrzzzzzzzz,

AN

W\ 77

Yz

77777z

P24

iz

77z

AAANNNRNNRNNNNNNNNNENNNNNNS W 5 L,

S 77

RNRNNITINININNINNINNNNNNNNNN Yz
Ytz i
AN N o 27777777,

NN 227

RN fliidaa

QNN 3 j

- SIS

B2

! NN | -

| [IEZZZ2Z2Z224

ST iz
N : 7

it Yl

QNN rrzzzzzzzzZzzZZzZZzz
NN Jllliiiuza
N | S

NN - I

NN B P22

1 AN s

SN 2z

NN M

QNN H i

]

A

NS a

AN

2222

Pz

ST 2222
NN
NN T 2

AN g

[z

T prrZzzzzzza

N

Jllliiuzan

12.00

ST 7
AN 22222
QNN T zzzz
ST
T T T T T T T T T T T T T T T T T
o © © < N o
-—

(sayoui) uoneudisaid

066}

8861

9861

861

2861l

0861

8.6l

9/61

V.61

cl6l

061

8961

9961

961

296l

0961

8661

9561

¥S61

cs6l

0S61

8v61l

ov6l

6l

v6l

or6l

Water Year

November B December B January B February I




ion

for Ganado Stat

ipitation

Observed Prec

NN gz
\

. NN

L

SN 2272222222224

1] Rz

NN W22

NN W e A0

O R 72727777777777772223

SIS 7772777 77777zzzz7zzzza

przzzzzz

NN Prrzzzzzzzzzzz

TR L YIS SIS SIS s

NN

AN L 7

1 rrizzzzzzzzz

N

N
N
N
N

NN W 2200
DO
W

SN prrzzzzzzzzz

NMarch B April BMay B June |

gz

NN Ja

NN )

- LI

NN g - L YIS,

o LIS

Y

NN W sy

Z22z2224

NN MU - 2
QNN
NI P22
I
NN SISLLLLLLISY.

NN

QNN 5 77

NIESEZZ2Z7277272772777777772722222%

i 7

QNN = s [z

NN 2

AN [z
N ) Rz

DN 7

[T

N 222722222224

T iz

N W SIS L1177

= N

AN I i i e r77z7zzzzz2z22223

NN PERR Ll YL

12.00

T T T T T T

0.00 -

2.00 -

(seyoui) uonendisaid

0661

8861

9861

v861

2861l

0861

861

961

V.61

/6l

061

8961

9961

961

2961

0961

8561

9561

561

2s61l

0S61

8v61l

961

6l

[441%

or6l

Year




ion

tation for Ganado Stat

ipi

Observed Prec

AN

ST

S O

AN g

NN

S

HHn
NN

XN

NN
NN A
NN

ST

ANIIIINITIITININININIRNNNNNNNNNNNNN |

ST

NN T

NN

ST
XA

N LI

N L

AEEEERRLEEERER R

NNNNNNNNNNNNNNNNNNNNNNNNNNN g

AXRNNNRNRNRNNNNNNNNR NN |

ST

ST

AN

AN

ST

NN R
ARSI

QUUUNNNNNRNRNRNNNR NN | 461

NN

QNN

NN

2777777777777z

it

J g

BT - 777777z

[pzzzz7zzzZzZZE Sz

prrzzzzzzzzZzZzZz

SLLSSLSSILSISSSS.

Ylllililiiiiiuuigggdpdidigaggiaadd

przzzzz

[pzz77z7zzzzzZZzZZZZza

DD

i

P27772777z7727777z77z2z7z2z2z2z222

Prrzzzzzzzzzzzzzzzz

S22 2777777772727 777777z

LRSS - YIS

[TTTTRES 22222

Przzzzzzzzzza

YISSSSSSSSS S

Sz

[zzZzzzzzZz¢zz:mzz

777777z

Rz

NN g - LI o SN Ll

22

IS

Bz

NS 2

2224

2222

[z

[z

rzzzzzzzz

1 rzzzzzzzzzZzZzZzza

[ zzzZzzzZzzZzza

AN Rz

Jzz

S\ rzzzzzzzzzzZ

2Zz7z7z2zzz22z2

plliiiiiad

.

prrzzzzzz

L LILLLLSLLSSLISSSSSSIISLS LIS/ LSS LSS LY.

- Yz

S/,

SISISSSSSSSS S s

7414,

L

14.00

12.00 -

T

T T T T T T T

L]
(=] (=]
] 3
® (o]

10.00 -

(sayoui) uonendisaid

T T T

0.00 -

066l

8861

9861

861

2861

0861

8.6l

9/61

v.61

cl6l

061

8961

9961

961

2961

0961

8561

9561

¥S61

cs6l

0s61

8v61l

ov6l

el

(41

ovél

Year

October |

e
@
1
[S
o
5]
o
[
w
m
-
@
=
=)
E
<
a
>
S
3
a

7




ion

| Park Stati

iona

for Petrified Forest Nati

ipitation

Observed Prec

NN

NNV (I

NN

QNN EH

D00 e

|
’ AN HHE

DS

AANNNANNRNRNNNNNNNNNNNNN

NN e

AN

NN

[zZzzzz7zzzaa

NN

N W - S

Jprlizizzzz

rizzzzzzzzzzz

NN LSS

I\‘I

Jruazg

przz7777zzzz77z72z222

NN N sz

NN

iz

[R2777272777777777777772777777zz7zz2zz

NN g - i

NN

NN Jra
ST
VTN 272277077777

YLSSIS LSS

- " cam

ST Yl

\\\\\\\\ (IR -

2 L YIS

YIS

AN s PRy SRR pua

< YIS

‘ : R

i

NN

i

2222222

V| 2777

RN

[z

l November B December E January & February |

NN 7

N

NN R - 7277

QNN e

NN SISSSISLS,

] lliiiiiidiaiiiiiiaaaiiiiaiizgda

NN 1

1 7z

QNN T

QNN 2z

N N

AN I [z,

NN M - g

NN L

AN izl

NN )

NN U e 222277

NN 11 B

Jlliiiiizd

ARNNNNNNNNNNNNNNNNNNNNN

6.00

T ™ T T T T T T T

3 3 3

wn < [\2]

(sayoui) uonyendisaid

T

T
3 3
o

2.00 4

-

0661

8861

9861

861

2861l

0861

8.6l

961

V.61

cl6l

061

8961

9961

961

2961

0961

8561

9561

yS61

cse6l

0s61

8v6l

ov6l

6l

4413

ovel

Water Year




ion

| Park Stati

iona

for Petrified Forest Nati

ipitation

Observed Prec

DONNNNNNNNNN

NN i

AR IR RN

NN -

e ; Jlliiiiua

Plzizzzzizzzzzizzzzizz

SSSTTESSZZZZZ77277777772222

NN LLSLSS LSS LSS LSS SIS SIS S,

TISSSSSLISIISLLLLIS SIS SIS 1 10

AR PrZ77722222277777277772727Z7227224

ST [Z2z2z7zzzz2z2z222

NN WUV - 7777777

ST [ZZ77z7z2zz7z77z7z727z7z7z7zzzzza

[T [7zzzzzzzzz

NN R - s
NSO WO rriiiiiiiiiiaiiaaaaza
e

AN SIS LSS

V0NN i

LI

O 722

i Jllliiiiiiigggdgdgdggggan

Wz

LSLSLSSSSSSSISSISS LIS Y.

NN g

N |

SISSSSSSSSILSSSISLSSS LSS 0

I I [ Z727777772772722777224
NN 2 [Z777zzz7zzz277222222228
NN e 277,

ST iz
N HH 7.

222

SN2

VU 2 it

GLLSISSSISASSSY.

NN

L LHISISSIS SIS LS SSSSISLISSSSSSSS.

QNN R SIS L0 0

AN

S T T R
(R 2222224
N1 [rrzzzzzzzza,

AAANNNNNNNNNNNNNNNNNN | Y
-
1" SIS
NN
ANV - S

SS\\\WzZzzzzzzzzz

ST DT

22

NN G

i YISLLS SIS LSS o

NN N - 72

na

liiiiiiziiianiiiiiiiiiiiiiiiirzzaza

NN e e L YIS

6.00

T

LI ™77

0.00 -

(saysui) uonendisaid

0661

8861

9861

¥861

z861l

0861

8.61

9/61

v.i6l

cl6l

061

8961

9961

961

2961

0961

8561

9561

PS61

2s6l

0s61

8v61l

ov61l

6l

[4413

ov6l

Year

P

| March B April EMay & June l




ion

| Park Stati

iona

for Petrified Forest Nati

ipitation

Observed Prec

ST

NN

SN

B S

XX R

RO

B S T

PLREEEL R
ANNNNNNNNNNNNNNNNNNNNNNNNNNN | -3 57757 o SUERRHETHESSEGRRED

ST

R RN 111

S

D

pluiiaiuuaiziiiiziaiiiaiaiiziaiza

L L YIS SIS LSS LSS LSS LSS LSS S LS SIS SIS LSS LSS S

NN g Yz

ST PL7zz7777777z7zz7zz2z,

DDUNUNNNNNNNNNNNN

pddgiiarzirrizizazrzzi

AADDNIMINTNINNININNNRNNNNNNNRNNNNNN |

L /L iiiriiiiiriiiriazlliaziaiz:

Przzzzz7zzzzz72zzz27zz2z2z7zzz27zz;7z7zz7zzzZz;zzziz;zza

[przzzzzZzzzzzz7zZzz2zZ7ZZ5azazZzz

DS T iz
[l
AN [llaZa

NN

TR e 77

ANV | e Ll Y

ADVUDINNNINNRNNNNNNNNNNNNNN )

Jllilliiiiaiaiaidididaagdd

TOUNNUNNNNNRNNNNNN |

Wrzzzzz7zzzzz7zz

NN g Jlliiiiiiiiiiiiaza

IlllllllllIIHIIIHI|IIIIIIIIIIIIIIIIIIIIIIIIIHI 5 ’//////////////////////////////
|
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘ L 5 - Y,

3 ’ Yl

""" s YIS,

L T s

W iidddidddiiggdgda

DN

O T s YHIIIIIISIISII IS,

il

iz

L7777z zanrrrzziaza

NN g

B Lo ST Mg
NN R - el el T e e W ldliiiiiiiiiiiiidiiiiiiazg
S

NN R ! YL,

ANDNNNNNNNNNNNNNNNNN

TR g

B T s 4

AMNNNNUNNNNNNNNNNNNNNNNNNNNN, 1) Yl

prZ77777z777272zz222723

[ Pz
AR R R RN Jllliiiiiza
NN L 5 B Rz,

liziddidiidiiiiiiiiiiaizaaiuiiiaizrrarirriziqr7zza

AN

M zzzzzzzz2z7z7zz;z2zz2zzzZz;z:z;z;z:;:Zz:z
N el iz
O m > S Jliizda
NN W77z
TERRRERERRR) e RN, L SIS,

QNN

UL Ry Yl

ANNINIRNINNRRNRNNNNNNNNNNNNNNN

Jliizaua
ANIIIMININNRNNNRNRNNNNRNNNRNNNNNNNY 8 - 5 B iz

Wiz

[z
NN R I 7///////////////////////////////////A

\\\\\\\\\\\\\\\\‘|I||l"lllllllll!ll"lllll - Y

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘ i il

YLSSSSSSSSSS LSS LSS S 0

™TrTrTrrTTeTeTT ™TrTrrTrrTTeTY

T Ll T
(o] o o o [=)
3 3 3 3 3 8 3
[l < ™ N - o

(sayoui) uonendioaid

0661

8861

9861

v861

2861

0861

8.6l

9.61

v.i61

cl6l

061

8961

9961

961

2961

0961

8661

9561

¥S61

[4=1o1%

0s61

8v6l

ov6l

6l

[441%

or6l

Year

October l

lﬂ July B August B September




ion

for Snowflake Stat

ipitation

Observed Prec

NN |

NN

ST

- SIS s

LR

AN Yl

rrrzzzzzzzzzza

QNN - S

NN q

P2

ST [z
SN2
NN 2
AN -
[T Rr7zzzzzzzzzz2zZz2zZzzZzzzzzzzzzzzazz
NN e 27
NN N7
NN | G,

SRR

NN 7z

AN I L IS

2224

NN i

| crrrrem

NN LIS

2

1

N 2 Jiq
I

NN W 2272772,

V-

NN W 2 077,

NN 5 2

NN 3 222z

SN2

NN 7%

NI 2

NN 2

NI

N S S

N P 77777777zzzzzza

[T 2z

NN R 2

NN

N

DN CHEEEEERERRRRRRRRRee

NN G5

(2222222222224

N

ST 222224

I

UL

NN i

AN U YLSLLSL IS AL

DO 1]

14.00

10.00

8.00
6.00

(sayout) uoneudisaid

™7 T

+
[=}
=
(=}

2.00 4

0661

8861

9861

861

2861

0861

8.61

9.6l

v.i61

cl6l

0.6}

8961

9961

961

2961

0961

8561

9561

vS61

cs6l

0S61

8v61l

9v61

6l

cvel

ov6lL

Water Year

|N November B December B January & February l




ion

tation for Snowflake Stati

ipi

Observed Prec

S

S

T T

NN
| 1
PrrzzzzzzzzzzzZzZzZzZzZzZ;zZ;:’y::z;:->oszzzzzzzzzZzZzazza

WR A

ST

A

AN R

NN

NN

ARUDINNNMNNNNNNY

AN ]

XN

QNN

DO zZzz77z7zzz7z7z072z22%,

UL Ylliiiiiiiiiiiiidaziza
L R Jlliiiiiiiiiiiiiiiiiiiizzza
NN lizgidgggpidiidaaiiuaiaiiiaaa

NITE 7277777777777z,

N O O VWS 7z

SR zzzrzzmziirzizzzzqi7izzzzzizzz
LU SRR Ll
(lliiiiaiiiapaiididdgdgdddcdddddad
lliidiidiiidiiiiaiiauirirrrrrrrrrrrrrrrrrizzz

AXAAVNNNINNNN B2

L Rl

L rrziiiizaiiziiazZa
IS

Yllliiiziizizzzizzzzzzizzzzizzzizzziizizziiizzizzzz

ST
Yl
lruliiiiiiiainiaaiid
L O O e Z72777777zzz7z7zzz7zza
N 7rrmzrzazrzrrirzzzz

VNN g -

sz

NN - 77

BN

Rz

NN J iz

- YIS
ORI Pz
NI 227777270777777777777727z22zZazzzzzz,
ST ) Yz
Y

i SISLSSSSSLISSISS IS LSS LSS LSS,

prrrzzzzzzz

ST

ST

W IR i

Y

iz
Jlliiiiiiiiiidddggdgpdgddiaaggd
1 - = E 22222
NN |

QNN

LR - SIS0,

A NNl

2
DN ja
Pr2777777777727Z77777777772

i

s

NN SR liididiiiiiliciiiiiiiiiiiizzizzrzraiziirirrTiaa
AN = et SISSSSSLSIS SIS LS5
T T L) L] L] L) T Ll ; T T
Q o o o o [=] o o Qo [=)
B ] ) S 0 S i) 3 7] S
< < ™ ™ N N -~ — o o

8
)

(sayoui) uoneudiosald

0661

8861

9861

¥861

z86l

0861

8.61

9.6l

V.61

[25:1%

061

8961

9961

961

2961

0961

8561

9561

vS61

2s6l

0s61

8v61

ov6l

6l

4412

ov6lL

Year

7

Il March B April EMay B June I




ion

tation for Snowflake Stati

ipi

Observed Prec

NN |

DN

NN

AN

RSN

NN

QNN

L

AN g

AN g

NN

|

AN

AN

NN

S~

VUINNNNNNNNRNRNNNNNNNNNNNNNNN i

NN

AN -

NN N

SN

ANV

B S T

DN P

AN

AN

S

NN

S I

ST

ST

S22

IIITIIIES PrZ777277777772777 27777777 77777777777777777777777r7rzzzzzzzz

- YIS,

[z

Jllliiiiiuiaiiiiiiiiada

zzzzzrrzzzZza

rrzzzzzzzzzzzzz2z7z2zZz;257Zz3:;az7z7zz;zz

< SLLAS SIS SIS SIS o

i

plllliiiiiddiiiuaagggag

Ezzz

N D) Lo e 7

L SISLLSSS SIS SS7

------ 7z

Glliliiiiiuiiaiaiza

rzzzzzzZzZzZzZ:e

ZZ777772772z77772Z2727z727272zz7z2zz2z2z2z2z23

ST 2

P22

YIS

Rz

[T s B 1 7777772777777z azrarrzzzazz

LLLSLLLLSS SIS SSSLISSISLLLLSS SIS L IS SIS IS LSS LSS L1 10

Wllliliiiiiiiiiiaiiiiaiaiiiadiaia

- AIISSISSISSSSLL IS IS LSS IS IS LSS S S

B LLiazza

Rz

AT - R

QNN T : 2222

przzzzzzzzza

P22

NSNS = - SIS

[z,

YLLLLLS SIS SIS,

pzzzzzzzzZzZaZz¢ZGzzz

P27z

i SIISLISLLL LSS LSS IS

Z22277727727777777777777777777777zzza

zz7z7z77zzzzz7z7mza7z

pzzza

NN H T prrzzzzzzzz
222222222

YSLSLLLLLSLISSS LSS LSS SSSLSS LSS Y

N A SIS,

zzrzrzzzzzzzzzz

[rrzzzz7zzzz2z7z7z7z7zzzzzzz:zzza

14.00

(sayoui) uongendioaid

NS LSLLLSLSSSSLSSSSSSSSSSSSS Y.

S e L YSSISILSSSSSSLS SIS Y
o o o o o o o
=] S S S S = S
N o o] © < N o
o e

0661

8861

9861

¥861

286l

086}

8/61

961

V.61

cl6l

061

8961

9961

961

2961

0961

8561

9661

yS61

zs6l

0s61

8v61l

9v61

6l

[44312

ovel

Year

I July B August B September & October |




ion

for Tuba City Stat

itation

ipi

Observed Prec

DS

NN |

NN g

ST

NN

XN T

SSSSTTTITERZ

NN

AN

rzzzzzzzzz

Rz

NN I

961

0961

SN

YLLLSL SIS e

8561

XN

9661

NN 2

NIITIEZ

vS61

P 2222222722222223

222222

QNN

2S61

0s61

ST

22222

8v6l

[z

ov61l

[z

NN

6l

222

AN |

Zr6l

SIS

ANV FEHH

10.00

(sayoui) uonendioaid

or6l

Water Year

|N November B December EJanuary & February I




tation for Tuba City Station

ipi

Observed Prec

NN |

QNN |

DN

DN

XA

v.i6l

cl6l

061

8961

9961

[N 22222224

SIS

961

2961

2277722277222

0961

YILILLSSSISIISLS SIS0

8561

A

9661

S

W 777

¥S61

n

prrzzzzzzzz2z

2s61l

X
N
N

0s61

AQANNNNNNNNNNNNNNN 77

N -

[l

8v61l

UL 7z

2222224

ov61l

.

TISSSSSSSS IS s

6l

prrrzzzzzzzzZz

77777777 77Z7777722777777 7777z

N
H
N
N
N
N

[441%

N
&I

10.00

(sayoui) uonendioaid

ov6l

Year

I& March B April EMay & June |




ion

for Tuba City Stat

ipitation

Observed Prec

AR R R R R R IR R RN IR RN NN NN,

NN

QNN [T

AN

N

NN

ERzzzzzzz

N TR nn

N

QNN T

W ddipapga

i YIS

V.61

NN 27

clel

rzzzzzzzzza

NN R 22

0461

LISSSISLILISS.

8961

9961

NN VNS o

PERERREERRR g - YSISLILI SIS

NJuly B August B September B October I

v961

SN

AN 11

296l

0961

AN

. NN |

YISLLIS LS.

RN 2222222

8561

NN

9561

vS61

prrzzzzzzzzzzza

22224

NN

cs6l

[z

[zzzzzzzzzzzzZzZzZZzZzz,

0S61

8v6l

ST

ov6l

SLILLLLLL LSS LSSSSSLS.

144513

12.00

8.00
6.00

(sayoui) uoneudisaid

Year




ion

for Window Rock 4 SW Stat

itation

ipi

Observed Prec

X

AN

AN

NN

AN

NN T

SIS LSS L o

ST

SIS

SN JilizzzZA

zz77zzz7zzzz7z2zzzz

DANRNNRRNNNNNN [z

LU TS 3 4

ST prrzzzzzzZzZzZzZzZzez,

S\ ZZ2ZZ222727777 77777777777z

NN

[l

AL

r7zzzzzz7zz2zZzzzzZzzeaza

QNN N o A

NN

ST 22z

NN o

NN N 7777,

November B December E January & February l

NN [z
222224

NN R

N ez

ST [z
AN & S
" : 5 o

(1D prrzzzzzza
SIISSSSISSSSSSY.

QNN

NN [pZz7zz2223

ST i ] przz

N

QNN

ST & [z

A i

ST

S 771

SSIZZ7Z2Z7772222222

RSSO Yl

SO

NN

NN

NN HTE Rz,

A YISSSLSSII/ LS,

N

ST 2222224

N

QNN T 7/

AN f - 222

rrzzzza

NN

12.00

10.00

8.00

(sayoui) uoneydioaig

T T T

2.00 -

0.00 -

0661

8861

9861

861

2861

0861

8.6l

9.6l

v.61

(#2113

061

8961

9961

961

2961

0961

8561

9561

561

2s61l

0S61

8v61

9v61

6l

cy6l

ov6l

Water Year




ion

for Window Rock 4 SW Stat

ipitation

Observed Prec

IS T

DANNNNNNNNNNNNNNNNNNNNS 1

AN

NN

M

ST

NN
NN

NN

AN RN

SR

NN

S

S O T

NN g

AN

i WA

SN

NN jllzzza
iz
[przzzZzzZzZZzZzz
z7727zz2727zz2zzzz2224

N YISSISLIS LSS LIS LSS AL L2170
1 jrlliiiiiiiaiziaia
QNN 7777777777
LLLLET SLLLLSLALIS LS SLLSSILSSSs
[ przzzzzzZzZZzZzZZzZ;Zzza
1 W Llllliiiiiiiiiuiiiuzc
S 77Z77772777772727224

QN ) e 2
jpriiiiiiiiiiiiiazaza

NN S

7zzzzz7z7zzzz72zzzzzzzZzzzZzzzza

B NN T T

ez
7227777777077 7777z

i [l
777z

NN () 3 77

N

T 3 - [z
L YL IIII.

5 s

L YLLSISSISSISISSS IS LSS LS SIS

VW - 2777777

N e
prrzzzzzzZzzzz¢edzzzZz
ez

N

QNN R

SN I IEZZZ22222722 22777727777272274

QNN P22

Jllzzzz

[T - SIS

NN | 7277

- YIS,

llliliiliiuagiaad

ST TR

1 pzzzz

AN QLA

ISISSISSSSISS Lo
NN przzzzza
22222z

puliiiiiiriiidiigddan

NN SIS

8.00

§

6.00 A

8

-

(sayout) uoneudisaid

5.00 -
3.00 A

T T T T

2.00 A
1.00
0.00

0661

8861

9861

861

861

0861

8.61

9.6l

v.61

cl6l

0.6l

8961

9961

961

2961

0961

8561

9G61

vS61

2s61l

0S61

8v61l

ov61

6l

44513

o6l

Year

June |

I March B April EMay




ion

for Window Rock 4 SW Stat

ipitation

Observed Prec

S

A NN NN

SIS TSR : T TTTTETERe

NN R g o

NN

IRl

|
NN R R e

Wz

QNN

PrzzzzzzzzzZzzza

NN 5 5 S 7777rriiazizzzizzza
SRz 7777777 arrzrrrrrrzrzza

7z

AN fllliiiiiiiada

QOO 575

AUINNIMTIIINITNINIRIIINRNNNRNNNNN |1

[ [z

1 - 3 B 2 [777zzzzzzzz;

NN T

7722722277777
AN ] 7
1

NN

Sz

SSssSem e X
|

NN

|

Sz rrrrr7rrzrrrzzz

[rzzzzzzz72z2z24
SILSLL LSS SIS SIS LSS LSS LSS LSS SIS SIS LSS
1

NN

i (R0 777777 7777r77z77zgzz2zz

|
BN S

plliiiiiiggg3g

2222

prrzzzzzzz

NN

B2

NN

rrzzzzzzzzzzzzzzzzz2z224

T

[pzzzzzzzz

NN YLLLS LSS SSSSSLL LIS L LSS LSS S SIS S L

RN Jllllliiiidgpgggda

NN L

BN 7727777777z7rrrrrrrrzaazz

rrrrzzzzzzzzizrazzrzzzzzzza

LT 2 el e TSI

NN

lllliiaidaaggga

RN g SN

ANNANININININNININNRIRNRINRNNNRNNNN 1 s 222222
ANNUUNNNNNNNNNNNN [z

NN

i ERRRRRRR ERRRRRRRRRRRRRI /Ll iiliiiiiuiiiiiiizzn
AN prZzzzzZzZzz7ZZZZzZzzZzZzZz
\\\\\\\V e przzzzza
| 7277777277727z 2z

ST p77777zZzzzzzzzzzzza

[z,

LSS SSLSLISSSLS.

[rrzzzzzz:73;zzzZzZzZ

Ylllligciiiiuaugggggggida

ST

[277772727777777777777777777777777 a2z

AAANNNNNNNNNNNNNNNNNNNNNN

LLLOO ) 2 X 3 g Yl
NN Przzzrzzzzizzz
N7 7z777azrzzzzzrrazrirzrzzz;rrirrrrzrzzrizzia
---- < YIISSSIIS SIS SIS s

NN przzzzzzea

ST Pz

AN T prrzzzzzzzzzza

rZZz72zzzzzz2z

12.00

10.00 A

T

T T T T T T T T T T T T T T T

8.00 -
0.00 -

L]
Q Q [=
] Q o
© < o

(sayoui) uonendisaid

0661

8861

9861

¥861

2861

0861

8.61

9.61

v.i61

cl6l

061

8961

9961

961

2961

0961

8661

9561

561

cs6l

0s61

8v6l

V6l

6l

cv6l

ov6l

Year

October I

July B August B September




ion

| Monument Stat

iona

for Walnut Canyon Nat

ipitation

Observed Prec

AR NI RN IR RN

ST

QNN T

NN L

NN g

NN g

NN

AN

NS

NN ]

NN

s

ST E

AN nn Wil

SISSSSSSSSSSS LSS LSS S LSS ISSSSSSSSL S

1 Sz

NN LSS LSS SIS LSS LSS LS LSS SIS SIS LS5

NN L - SRess 222

TISSSISS IS S LSS LSS SSSIS SIS LSS 1SS Y

ANNNNNNNNNNNNNNNNNNNNN N Z7702//77.

ST

L m L LIS,

prZ77zzzz7z7zzZzZZZZZ>5z>zzZz

AN g L YIS

AN 4
AR rrzzzzzzzzzzz
QDN Yl

X L

M 277

7z,

AN L YIS,
N WM I

ANV

HHnn 2 ez

222

e [l

7777777777777z

SN O przzza

NN 777

ST 22222

L SIIISSLISSSS S

i SIS

AN 3 - % s
NNRNNNNNNRNNNNNNNNNNNRNNNNNNNS W 7777777777

NN 53 LI

ALLEEEERRREEEE R R R R R

AN Yl

NN

NN iz

NI pzzzzzzzZaZ¢zdzoa

M IS

NN

16.00

14.00

12.00

10.00

(sayoui) uoneudioaid

0661

8861

9861

861

2861

0861

8.61

9.6l

v.61

cl6l

061

8961

9961

961

2961

0961

8S61

9561

PS61

2s6l

Water Year

=
8
2
8
@
w
\}
=
&
3
c
]
S
m
e
]
2
£
8
@
o
B
@
a
§
>
3
=z
7]

7




ion

tation for Walnut Canyon National Monument Stat

ipi

Observed Prec

LTI L SIS

yzZzZzZzZzzzZ

g

AN -
SNIESZZZ7Z7772227222

NN T prrzzzzzzzz7ZzZza
NN 22222222
| -

SISSSSSSLSSSSLISSSS LSS S LSS e
(IIERZZZZZZZ777z7zzzrzzzzzz

NN [rzzzzzzzzazz

rr7zzZzzzza

NN

VO - 77

ES [7777777z777z7z7z7z7z7zz7z2z7zZ2z2Z7272z7;zzz;z;z;z;;:;:gs

NI P24

L L IISISSIS

i
[T T lliiiiiaiaaa

R

NN S rrzrrzrizpirrazrzrzz7zzz
AXNNARINNNRNRNNNNNNNNNNNN |

IN March B April BMay B June l

7277 777r77rzzrzrzzrzzzzz;zz

NIz

SLLLLLL % iz

ST -

AN

|

[ PrZ77z272zz7z72zzzzzz

N Przzzzzzzz5zzadzz

SISSISLSSLS SIS,

NN W /7

(IR0 0707777m7zzza

NN [

ST

NI prrrzzzzzzzezzz

S prrzzzZzzzzz

5

QNN

A0INNNINNNNNNNNNNNNNNNNNN

16.00

NNV LILSLLLILISSSSSS LSS SISS LS LSS IS LSS IS AL S s

1" LILSISLLLSSS.

1 il

- . YLLSSSSSSSSS.

L

L

L

L

L

L

L

r T —r—T T — —r—

o o o o o o o

=1 =1 =) <] =] 8 =] S

< o~ o © © < N o
- - =

(sayoui) uoneudisaid

0661

8861

9861

v861

286l

0861

8.6l

9/61

v.i6l

cl6l

0461

8961

9961

961

2961

0961

8G61

9G61

561

2s6l

0S61

141

or6l

6l

4413

o6l

Year




ion

| Monument Stat

iona

for Walnut Canyon Nat

ipitation

Observed Prec

NN

SRR e

NN I

NN ) e

DN 5 5
ST

NN T

S

ST

ST I

NN )

NN

S SSSSSSII

S I T T

SN

NN

NN g

DX PR

DN

OSSN

NN e

S S T

ANNNRNNNNNNNNNNN

S

ARNIITITITIIINININRRNNENNNNRNY

NN T

AN

SSLSSLLS LSS LSS IS IS,

L YIS LSS

- LYY

ISISSSSLSISSISLLS LY

< YISSSSSSSLSSISSSSLLS.

" przzzzz

7777777720777 7277777777777z

i

YLLSSISSSSLSSLSSSSSISSISISS SIS LS

pr77zz777z2zzzzz7z2z72zz2zz2

pZzZzZz2z2Z

22

L YIS LSS

NN VN - 0720777

SR Z77Z77777277772777777772724

Yl

- SISSLISSSSISSISLLSISLSs

[przzzzzzzza

Sz

NUDDNNRNNNRNNNNNNNNNRNNNNNNNN H-:v' "

prZ2z7zzzz7z7zZZZZzzzz

LSS SSSSS S SIS IS SIS

QNN | [pzzzz7Zz7zz7zzZ7z7zZzZZZzZZ2z2z2z22

R 77rrz7z7zzirzzrzzzza

T SSLLSS LS SIS S LSS SSISSS S5

7z

[ R 777zrrzzrzrzrzzzrazrzzzzzz

YA

1 YIS

- YIS IS

LSS

prrzzzzzzZzez

22

QP22

Jllliiiiiiiizad

rzzzzzzzzzzaz

777777727zzz7z2z2

N Przzzzzzzzzzzzz7zzza

PrZ772777z772z777727z77zzz

2222222

18.00

16.00

10.00
8.00
6.00
4.00

(sayoui) uoyendisaid

0661

8861

9861

V861

2861

0861

8/61

9.6}

vi6l

cl6l

0461

8961

9961

v961

2961

0961

8661

9561

¥S61

2s6l

0s61

8v61

or6l

- vv61L

441

Year

July B August B September




- APPENDIX C

STACKED BAR GRAPHS
FOR LCR TRIBUTARY
DISCHARGE



Observed Discharge for Silver Creek at Snowflake
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Observed Discharge for Silver Creek at Snowflake

ST

SLLLILSI LI 11 TI 1A 1177 I 21 A1 1141711117111 77 17

P22

222,

2222222

z7zzzzzZzZzZzzzazzz

P24

P22

zzzzZzzzzzzzzzaz

(B2

[przZzzzzza

[z

661

2661

0661

8861

9861

861

1 zg61

0861

8.61

9.6}

v.i6l

26l

I 0/61

8961

_+ 9961

961

2961

0961

8561

9G61

vS61

40000

35000

™77 T T

30000

™TTT

25000

:

T™TT"7T

15000

(y-oe) abieyaosiqg

10000

5000

Year

IN March B April BMay & June |




Observed Discharge for Silver Creek at Snowflake
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Observed Discharge for Rio Puerco at Confluence
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Observed Discharge for Rio Puerco at Confluence
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Observed Discharge for Rio Puerco at Confluence

ANANRNNRNNRNRNNUNRUNRNRNN KR RNN NN NRNNNNNNNNNN

o/,

S o OO

I T i (YISO

ANNARNNNININNNNNNRNNNNNRNN

SIS L LI,

9961

NI 2 22

RN 22222224

e 796 |

I
ANNNNNNNNNNNINNNNN
L rrrrrrre
QNN A — 296l
-\\\\
0961

NNNNNNNNNNNNNNRNNNNNN, 2 i
7

8561

L1111,

I 9561

S22

[T 2 277222y

yS61

2s6l

150000

g 8
g g

©

70000
60000
50000
40000
30000
20000
10000

140000
130000
120000
110000
100000

(y-oe) abieyaosiqg

Year

[N July B August B September & October l




Observed Discharge for Chevelon Creek
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Observed Discharge for Chevelon Creek
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Observed Discharge for Chevelon Creek
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Observed Discharge for Clear Creek
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Observed Discharge for Clear Creek
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- 661

- 2661

- 0661

- 8861

- 9861

- 861

861

0861

8.61

9/61

- v.61

cl6l

il

[E July B August E September B October I

- 0/61

- 8961

- 9961

961

2961

0961

8561

9561

yS61

2561

- 0561

- 8V61

I

- 961

- V6l

- V6l

160000

™77

140000

™11

120000

T T

™77

100000

80000

T™TrTrT

60000

(y-oe) abueyosiqg

40000

———— 0561

20000
0

Year




Observed Discharge for Moencopi near Cameron
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Observed Discharge for Moencopi near Cameron
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APPENDIX D

SCATTER PLOTS FOR
PRECIPITATION/RUNOFF
RELATIONSHIPS
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APPENDIX E

SIMULATED AND OBSERVED
| STREAMFLOW AND
SEDIMENT LOAD VALUES



Simulated and Observed
Discharge



Observed and Simulated Discharge for the

LCR at Holbrook, Grand Falls and Cameron in ac-ft

LCR at Holbrook LCR at Grand Falls LCR near Cameron
l Date Observed Simulated Observed Simulated Observed | Simulated
[1940 Jan NA 6,667 818 5,875 618 7,805
Feb NA 9,078 5,344 10,651 4,883 12,565
Mar NA 71,022 13,472 23,172 13,596 23,522
Apr NA 3,799 6,676 21,221 6,789 21,766
May NA 553 2 2,619 104 2,778
Jun NA 1,860 0 1,257 102 1,790
Jul NA 4,004 12,230 7,498 14,937 10,761
Aug NA 25,699 42,046 23,983 49,806 34,126
Sep NA 37,408 51,448 25,360 60,801 30,394
Oct NA 7,255 21,650 14,218 25,954 17,832
Nov NA 2,133 8,598 13,772 8,522 14,405
Dec NA 7,125 28,770 17,361 28,601 17,650
1941 Jan NA 13,227 56,692 22,093 53,271 25,013
Feb NA 19,470 74,921 21,661 70,449 24,220
Mar NA 11,104 - 136,689 40,653 137,018 44,680
Apr NA 512 107,645 35,580 107,925 36,818
May NA 688 86,391 6,205 86,637 6,548
Jun NA 1,900 3,963 4,691 4,071 5,337
Jul NA 16,677 3,818 4,694 5,100 7,897
Aug NA 44 471 26,778 27,227 31,951 34,303
Sep NA 29,325 31,008 32,363 36,897 36,947
Oct NA 15,804 53,833 13,846 63,591 20,038
Nov NA 2,263 3,070 13,276 3,020 13,700
Dec NA 6,662 2,970 16,533 2,920 16,921
1942 Jan NA 16,274 6,721 7,285 6,180 9,838
Feb NA 4,408 6,454 20,769 5,928 23,229
Mar NA 5,791 19,043 37,207 19,176 37,727
Apr NA 2,745 50,603 36,221 50,789 36,390
May NA 889 5,983 6,572 6,095 6,841
Jun NA 1,278 0 1,395 102 1,872
Jul NA 8,712 0 3,806 635 7,242
Aug NA 34,813 3N 14,117 1,068 18,403
Sep NA 12,457 0 21,147 635 22,333
Oct NA 17,291 664 7,688 1,411 9,552
Nov NA 1,752 595 5,344 556 5,460
Dec NA 1,858 0 2,860 0 3,148
1943 Jan NA 3,216 291 22,238 122 23,782
Feb NA 4,324 6,731 20,730 6,190 22,107
Mar NA 4,703 53,120 28,413 563,310 32,096
Apr NA 3,803 12,782 24,689 12,905 25,052
May NA 2,173 0 5,587 102 5,747
Jun NA 2,074 0 2,415 102 3,017
Jul NA 17,110 0 6,170 635 9,298
Aug NA 19,736 16,731 19,907 20,201 30,396
NA = Not available Page 1




Observed and Simulated Discharge for the

LCR at Holbrook, Grand Falls and Cameron in ac-ft

LCR at Holbrook LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated Observed Simulated
Sep NA 11,691 12,080 0 14,761 1,841
Oct NA 2,613 713 21,698 1,469 23,343
Nov NA 1,036 29 5,102 0 5,260
Dec NA 4,424 58 8,284 22 8,586
1944 Jan NA 4,505 192 288 28 3,283
Feb NA 4,021 354 13,236 180 16,005
Mar NA 3,258 22,708 53,415 22,847 57,393
Apr NA 11,646 71,763 50,936 71,984 51,504
May NA 804 24,675 8,242 24,818 8,510
Jun NA 2,231 0 1,964 102 2,403
Jul NA 1,521 0 4,519 635 7,941
Aug NA 8,194 0 4,632 635 8,044
Sep NA 17,003 8,521 26,627 10,600 27,803
Oct NA 2,438 2,201 0 3,209 447
Nov NA 796 1,023 4,582 983 5,696
Dec NA 1,733 1,119 7,097 1,078 7,658
1945 Jan NA 658 508 23,974 326 26,647
Feb NA 1,685 4,904 20,553 4,468 23,069
Mar NA 5,905 16,817 28,162 16,947 35,055
Apr NA 1,143 67,300 12,858 67,514 13,479
May NA 1,810 19,584 3,278 19,718 3,480
Jun NA 1,472 0 1,881 102 2,504
Jul NA 42,165 9,623 24,732 11,888 28,518
Aug NA 74,762 35,805 56,471 42,507 66,481
Sep NA 11,031 666 9,676 1,414 9,802
Oct NA 4,442 34 10,010 674 11,456
Nov NA 886 0 3,918 0 4,034
Dec NA 14,542 432 6,062 394 6,351
1946 Jan NA 791 4,329 14,848 3,926 16,599
Feb NA 578 2,510 27,575 2,213 29,220
Mar NA 4,558 3,978 12,074 4,087 13,177
Apr NA 3,448 3,172 11,997 3,279 12,166
May NA 667 0 1,925 102 2,370
Jun NA 1,587 0 2,480 102 3,082
Jul NA 17,584 9,611 10,310 11,874 14,080
Aug NA 59,542 52,001 47,456 61,448 66,328
Sep NA 36,158 40,374 12,977 47,851 14,189
Oct NA 43 658 7,915 1,404 8,948
Nov NA 1,522 14,543 8,501 14,439 9,956
Dec NA 1,158 4,925 9,964 4,866 10,320
1947 Jan NA 768 3,536 10,848 3,179 14,342
Feb NA 717 8,420 13,559 7,781 16,880
Mar NA 1,439 6,622 12,870 6,735 13,174
Apr NA 6,454 815 13,709 918 14,168
NA = Not available Page 2




Observed and Simulated Discharge for the

LCR at Holbrook, Grand Falls and Cameron in ac-ft

LCR at Holbrook LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated Observed Simulated

May NA 721 422 2,133 525 2,414
Jun NA 1,210 0 1,318 0 1,757
Jul NA 6,556 0 4,919 0 8,083
Aug NA 69,351 74,463 33,362 104,261 52,612
Sep NA 9,540 12,669 20,005 20,168 20,916
Oct NA 20,207 57,000 26,261 75,390 30,623
Nov NA 2,679 702 15,517 710 17,297
Dec NA 7,927 1,021 21,587 1,019 21,876
1948 Jan NA 6,968 3,511 8,993 3,304 11,938
Feb NA 9,125 7,915 15,663 6,462 18,492
Mar NA 7,342 19,867 63,707 19,069 65,821
Apr NA 1,113 68,312 29,152 67,365 29,367
May NA 600 996 5,285 857 5,625
Jun NA 1,526 62 2,463 879 3,046
Jul NA 12,599 4,962 4,527 5,242 7,655
Aug NA 16,973 16,171 13,278 20,187 17,762
Sep NA 28,732 1,726 10,495 602 12,568
Oct NA 7,951 2,115 26,284 4,443 28,937
Nov NA 2,098 2,017 4,876 2,176 4,992
Dec NA 4,687 3,277 10,542 2,071 10,830
1949 Jan NA 9,265 16,872 30,659 18,337 33,443
Feb NA 9,910 13,146 16,991 13,640 19,342
Mar NA 1,491 85,531 74,406 97,142 75,124
Apr NA 692 75,988 54,848 77,887 55,017
May NA 989 6,069 9,479 6,011 9,646
Jun NA 2,439 4 4,479 1,686 5,024
Jul NA 7,542 13,337 9,147 11,758 12,642
Aug NA 46,371 39,291 26,430 41,372 32,094
Sep NA 19,859 10,747 14,054 10,745 16,249
Oct 600 8,592 163 7,216 6,488 10,890
Nov 505 2,932 445 3,927 252 4,337
Dec 785 1,469 77 6,000 30 6,313
1950 Jan 948 1,206 462 5,122 188 6,955
Feb 2,490 2,870 12,115 23,812 11,308 25,579
Mar 459 7,259 14,433 19,174 14,555 20,379
Apr 137 816 3,982 9,634 3,870 10,623
May 122 824 197 1,713 0 1,872
Jun 66 1,393 197 1,465 0 1,927
Jul 6,353 8,702 6,249 7,037 7,690 10,874
Aug 908 8,227 686 11,789 998 20,776

Sep 1,412 7,856 1,250 0 1,676 942

Oct 148 2,385 0 0 0 126
Nov 421 358 0 1,067 22 1,183
Dec 519 4,819 0 6,747 94 7,035

NA = Not available Page 3




Observed and Simulated Discharge for the

LCR at Holbrook, Grand Falls and Cameron in ac-ft

LCR at Holbrook LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated Observed Simulated

1951 Jan 775 864 0 12,532 152 13,439
Feb 931 1,501 158 16,001 14 16,890
Mar 476 25,281 253 26,656 0 28,027
Apr 159 2,690 1,833 29,894 454 30,079

May 127 641 2,183 4,874 1,312 5,164

Jun 22 1,480 0 1,251 0 1,769

Jul 1,821 4,583 1,918 3,498 3,971 6,641
Aug 18,765 33,442 30,597 4,390 26,269 17,059

Sep 866 15,080 9,253 28,483 17,915 29,241

Oct 2,103 1,602 7,377 4,303 9,048 6,746
Nov 974 3,223 201 22677 103 23,910
Dec 2,713 9,388 245 25,873 147 27,754
1952 Jan 32,025 12,434 130,992 52,497 124,746 53,779
Feb 1,712 10,530 10,947 15,278 10,193 16,274
Mar 5,274 11,115 12,827 83,503 12,912 89,334
Apr 6,698 3,954 129,159 57,263 131,841 57,675
May 1,172 1,461 20,807 10,406 21,070 10,688

Jun 1,794 2,478 358 3,511 165 4,216

Jul 7,451 9,491 1,447 5,421 1,913 9,665
Aug 11,937 13,259 10,293 19,304 12,556 25,954
Sep 7,513 19,417 22,982 12,792 27,821 20,569

Oct 562 8,923 0 1,243 114 1,370
Nov 1,771 5,260 580 21,338 488 22,273
Dec 5,504 7,224 3,959 22 437 3,919 22,726

19583 Jan 1,906 727 1,986 2,372 1,642 2,649
Feb 576 1,533 1,755 12,145 1,422 12,512
Mar 2,893 1,314 15,169 20,799 15,306 22,483
Apr 229 12,914 5,806 22,319 5,735 22,488

May 257 2,892 197 6,888 0 7,194

Jun 698 1,633 197 2,224 0 2,825
Jul 16,053 20,757 12,237 11,341 14,894 15,225

Aug 4,363 8,032 12,369 17,878 15,054 32,751

Sep 161 4,206 45 4,937 227 5,858

Oct 223 0 0 6,469 0 6,920

Nov 350 320 0 1,723 130 2,250

Dec 480 1,348 0 8,448 27 8,737

1954 Jan 652 1,568 0 4,328 135 5,146
Feb 670 2,135 0 9,675 26 10,449
Mar 4,386 15,372 20,838 23,561 17,556 29,918
Apr 365 1,765 19,976 12,929 20,200 13,098

May 162 652 0 2,335 120 2,543

Jun 54 1,721 0 1,579 270 2,019
Jul 37,608 30,263 39,310 15,645 37,862 19,449
Aug 7,306 12,992 5,399 9,790 6,286 10,155

NA = Not available Page 4




Observed and Simulated Discharge for the

LCR at Holbrook, Grand Falls and Cameron in ac-ft

LCR at Holbrook LLCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated Observed Simulated
Sep 21,159 34,376 21,987 22,030 25,945 26,055
Oct 1,589 12,802 2,712 7.878 4,158 8,565
Nov 502 1,793 0 748 68 897
Dec 579 629 0 511 63 800
1955 Jan 657 986 25 13,523 113 18,649
Feb 668 1,541 78 20,355 176 25,106
Mar 522 1,431 1,156 29,767 473 29,947
Apr 198 4,718 525 12,372 22 12,991
May 240 641 0 2,268 0 2,585
Jun 9,602 1,911 18,078 2,451 35,380 2,891
Jul 8,582 12,907 5,276 5,031 12,317 8,569
Aug 96,083 68,038 122,116 29,792 139,198 39,501
Sep 3,035 2,425 2,344 7,531 3,598 7,647
Oct 288 0 0 5,919 0 6,202
Nov 409 314 0 5,729 0 6,085
Dec 905 863 121 10,831 69 11,416
1956 Jan 2,026 11,419 0 15,708 121 19,840
Feb 8,041 11,175 3,704 38,271 2,034 42,066
Mar 563 1,413 7,379 25,003 5173 25,199
Apr 178 2,393 2,071 24,812 1,234 24,981
May 80 1,741 47 6,124 37 6,469
Jun 1,524 980 0 1,247 0 1,687
Jul 2,892 10,438 0 3,567 1,980 7,303
Aug 7,525 17,430 5,337 0 8,694 5,463
Sep 137 12,123 0 16,038 0 16,195
Oct 531 7,091 0 978 0 1,235
Nov 318 4,484 0 1,463 0 1,579
Dec 488 847 0 0 0 289
1957 Jan 1,061 3,896 43,300 90,524 39,171 101,478
Feb 1,424 6,307 41,715 35,045 40,875 44 915
Mar 561 2,542 24 811 56,303 25,755 58,305
Apr 233 613 2,987 61,089 1,926 62,140
May 143 692 0 11,010 57 11,499
Jun 60 409 0 445 263 1,034
Jul 12,385 12,516 4,470 6,297 4,168 9,425
Aug 56,281 57,938 44,358 41,383 53,472 50,391
Sep 5,281 1,965 8,134 7,060 9,266 7,176
Oct 10,390 27,239 12,857 5,322 12,827 8,545
Nov 2,169 446 9,592 384 12,423 2,259
Dec 642 718 2,078 3,734 1,264 4,183
1958 Jan 729 404,876 228 10,632 307 13,895
Feb 602 4,908 6,498 22,212 4,904 25,324
Mar 3,024 3,827 29,939 32,606 31,256 37,345
Apr 694 1,910 43,153 18,303 44,537 19,158
NA = Not available Page §




Observed and Simulated Discharge for the

LCR at Holbrook, Grand Falls and Cameron in ac-ft

LCR at Holbrook LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated Observed Simulated
May 232 502 1,174 3,548 1,619 3,783
Jun 2,483 1,003 780 676 165 1,201
Jul 2,662 9,128 990 3,595 444 6,722
Aug 26,332 59,832 22,308 43,676 23,088 52,071
Sep 23,736 39,993 31,472 17,097 34,417 21,802
Oct 2,467 1,784 8,885 8,341 10,812 9,585
Nov 698 1,970 0 2,997 63 3,228
Dec 596 594 0 4,816 29 5,104
1959 Jan 697 2,136 0 10,239 128 11,714
Feb 561 809 0 12,391 80 13,854
Mar 368 1,649 4,243 27,093 1,890 27,209
Apr 394 1,890 3,201 14,066 2,394 14,523
May 294 1,993 0 3,827 0 4,145
Jun 1,433 2,187 0 3,233 49 3,847
Jul 2,734 6,331 354 1,980 96 5,673
Aug 33,404 36,891 30,892 31,004 35,587 38,330
Sep 358 3,727 282 16,506 264 16,949
Oct 33,928 23,457 12,310 6,812 6,581 9,725
Nov 9,467 3,443 33,204 17,717 34,715 18,233
Dec 6,002 11,724 22,825 19,686 19,007 19,975
1960 Jan 9,378 69,028 22,044 25,129 18,196 29,131
Feb 2,826 4,641 8,893 14,132 8,216 17,881
Mar 13,490 3,496 89,773 46,001 88,475 48,208
Apr 642 8,192 18,209 45,805 18,557 45,974
May 294 843 100 6,626 24 6,777
Jun 248 1,306 2 758 13 1,216
Jul 483 1,285 0 3,943 0 7,071
Aug 1,950 9,738 0 0 0 647
Sep 251 2,416 174 6,456 382 8,629
Oct 5,517 29,097 7,459 6,436 9,146 10,472
Nov 432 740 179 4,647 80 5,141
Dec 543 2,073 222 6,403 124 6,974
1961 Jan 676 2,952 342 8,204 73 8,553
Feb 373 2,742 278 15,419 13 15,786
Mar 468 10,755 2,422 21,228 2,275 26,678
Apr 357 2,359 11,560 11,080 11,618 117,249
May 369 1,129 197 2,284 0 2,532
Jun 191 1,417 197 825 0 1,264
Jul 1,767 12,967 443 8,943 706 12,844
Aug 11,723 34,648 7,717 17,917 9,457 24;'878
Sep 7,236 30,728 4,235 16,287 5,268 19,110
Oct 7,086 19,520 281 4,938 510 6,655
Nov 6,536 11,032 3,753 18,031 3,710 18,794
Dec 875 3,585 106 15,224 6 16,593
NA = Not available Page 6




Observed and Simulated Discharge for the

LCR at Holbrook, Grand Falls and Cameron in ac-ft

LCR at Holbrook LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated Observed Simulated

1962 Jan 1,430 8,254 362 41,621 93 42,987
Feb 17,335 10,214 48,779 12,295 46,294 13,589
Mar 3,269 1,623 13,900 45,477 14,009 47,552

Apr 1,125 2,571 83,967 32,062 85,640 32,231

May 410 571 1,367 4,622 1,197 4,776

Jun 483 2,364 197 2,777 0 3,250

Jul 299 2,998 0 0 0 3,128
Aug 275 4,786 0 19,201 167 19,929
Sep 2,645 36,232 4,952 24,976 6,131 27,927

Oct 19,912 11,138 3,595 2,821 4,498 5,541

Nov 5,776 1,001 3,166 2,319 3,114 3,270

Dec 604 1,194 257 7,627 159 7,966

1963 Jan 570 4,811 280 6,952 14 9,194
Feb 3,255 7,488 2,496 26,197 2,129 28,350
Mar 351 2,553 1,476 15,290 1,308 17,143
Apr 307 2,362 1,911 16,363 1,753 17,138

May 254 876 197 2,543 0 2,923

Jun 110 337 197 0 0 496

Jul 151 2,958 0 0 0 3,128
Aug 58,894 95,209 34,232 72,487 41,355 90,807

Sep 27,092 7,556 24,737 6,426 29,933 7,280

Oct 967 4,473 1,396 0 1,852 1,366

Nov 2,662 3,230 769 3,536 680 3,726

Dec 503 1,610 100 1,380 0 1,668

1964 Jan 423 1,475 265 26,188 0 26,501
Feb 361 2,044 265 14,505 0 14,872

Mar 354 5,823 197 23,870 0 29,902

Apr 1,085 724 26,792 11,638 27,189 12,135

May 350 3,886 3,210 5,872 3,080 6,173

Jun 156 677 255 300 60 813

Jul 15,863 23,172 8,123 11,693 9,945 15,724

Aug| 131,082 111,313 84,555 67,043 101,897 75,671

Sep 27,326 33,863 21,636 29,541 26,201 31,091

Oct 633 0 313 4,048 549 4,174

Nov 927 2,322 100 11,960 0 12,424

Dec 1,027 5,501 100 12,427 0 12,716

1965 Jan 6,591 4,346 44 426 56,584 42,141 62,760
Feb 1,622 5,728 13,065 18,964 12,214 24,598

Mar 851 16,291 14,839 72,717 14,969 76,802

Apr 1,048 995 85,835 52,038 87,550 52,207

May 515 1,778 16,407 10,501 16,572 10,749

Jun 375 2,874 197 4,567 0 5,100

Jul 39,234 20,700 17,160 16,664 20,817 20,299

Aug 8,904 14,642 8,261 0 10,111 3,363

NA = Not available Page 7




Observed and Simulated Discharge for the

LCR at Holbrook, Grand Falls and Cameron in ac-ft

LCR at Holbrook LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated Observed Simulated
Sep| 23,833 15870 | 17,286 15,473 20,969 21,501
Oct 1,848 2,307 202 567 416 2,163
Nov 1,219 4,547 3,956 33,317 3,916 35,215
Dec 32,527 13,650 24,217 39,026 24,494 42,715
1966 Jan 7,698 964 58,758 137 55,817 502
Feb 1,458 5,207 4,807 15,358 4,334 15,725
Mar 4,632 4,702 65,611 50,932 66,875 51,336
Apr 737 8,357 16,777 38,194 16,951 38,793
May 405 932 272 6,146 77 6,485
Jun 229 1,351 197 441 0 959
Jul 10,778 30,223 668 19,959 976 23,346
Aug 22,074 31,363 14,410 12,246 17,508 16,249
Sep 15,733 22,131 9,094 1,296 11,113 3,610
Oct 3,782 3,902 3,620 2,245 4,527 3,513
Nov 419 4,417 142 17,066 43 17,507
Dec 573 5,686 22,763 18,963 23,017 19,314
1967 Jan 450 742 317 0 50 321
Feb 368 579 315 35,697 48 36,064
Mar 295 2,803 197 15,349 0 15,577
Apr 237 8,391 1,374 16,463 1,204 17,326
May 242 1,171 197 2,310 0 2,593
Jun 3,324 317 2,742 844 2,603 1,490
Jul 30,645 18,071 18,778 10,649 22,763 14,703
Aug 88,935 78,914 72,414 34,573 87,291 45,339
Sep 41,973 20,260 40,484 8,879 48,877 11,441
Oct 496 2,076 231 8,243 450 8,447
Nov 388 5,154 100 32,697 0 32,813
Dec 544 15,198 215 39,612 117 39,900
1968 Jan 34,733 4,990 4,395 2,666 3,941 2,937
Feb 13,071 5,015 42,456 11,010 40,260 11,377
Mar 7,726 5,288 48,208 39,366 49,083 40,154
Apr 1,369 1,561 65,842 34,181 67,111 35,049
May 434 672 12,237 5,764 12,309 5,926
Jun 253 2,609 197 3,221 0 3,661
Jul 11,336 13,121 5,320 6,557 6,573 10,094
Aug 97,986 103,350 28,076 61,006 33,949 70,674
Sep 374 9,721 0 5,223 1 5,484
Oct 28,155 5,338 4,144 12,081 5,158 13,434
Nov 2,012 2,986 276 11,274 179 11,720
Dec 467 4,671 100 10,710 0 10,998
1969 Jan 26,315 686 28,142 36,467 26,602 40,341
Feb 2,896 1,600 8,251 7,185 7.620 10,742
Mar 4,491 5,111 17,688 48,627 17,882 51,843
Apr 2,882 2,660 37,087 30,300 37,714 30,469
NA = Not available Page 8




Observed and Simulated Discharge for the

LCR at Holbrook, Grand Falls and Cameron in ac-ft

LCR at Holbrook LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated Observed Simulated
May 1,021 762 1,274 5,183 1,101 5,433
Jun 355 1,160 197 1,504 0 1,944
Jul 23,925 14,758 10,612 9,907 12,940 13,633
Aug 45,346 59,727 6,405 34,005 7,879 38,543
Sep 42,980 12,437 18,786 9,950 22,773 11,604
Oct 877 9,558 4,555 2,777 5,653 5,694
Nov 722 1,131 1,213 5,140 1,130 5,792
Dec 372 1,938 147 11,087 48 11,542
1970 Jan 357 3,281 331 4,171 63 4,492
Feb 477 1,371 265 796 0 1,163
Mar 685 9,169 5,359 61,060 5,278 71,410
Apr 732 2,250 4,724 13,430 4,628 13,942
May 548 979 197 3,001 0 3,280
Jun 215 0 197 0 0 440
Jul 2,012 10,754 463 7,276 729 11,233
Aug 14,560 41,630 11,150 25,746 13,587 32,355
Sep 36,455 26,040 41,021 15,400 49,523 16,891
Oct 2,703 9,118 420 7,633 679 8,206
Nov 260 353 108 766 8 882
Dec 240 71 166 3,329 67 3,618
1971 Jan 196 4,739 313 5,318 46 5,588
Feb 158 727 271 3,483 5 3,850
Mar 207 5,444 197 10,105 0 10,233
Apr 163 3,450 197 8,044 0 8,213
May 245 1,868 197 3,859 0 4,013
Jun 152 1,063 197 1,665 0 2,190
Jul 346 16,477 0 6,694 130 10,355
Aug 67,712 37,946 50,179 26,450 60,540 35,619
Sep 59,758 41,438 13,300 5,505 16,173 6,810
Oct 26,853 21,667 62,572 5,066 75,449 8,719
Nov 564 1,115 6,069 7,636 6,062 8,018
Dec 12,129 3,115 27,874 12,253 28,209 12,541
1972 Jan 934 755 7,500 16,038 6,904 16,292
Feb 465 601 603 7,185 322 7,552
Mar 345 2,286 197 14,051 0 14,167
Apr 314 3,889 197 15,350 0 15,829
May 770 1,618 197 4,530 0 4,945
Jun 1,693 2,940 374 3,756 182 4,241
Jul 3,700 417 7,152 0 8,777 3,635
Aug 8,100 16,576 4,175 14,424 5,196 21,266
Sep 3,070 2,705 1,083 20,536 1,476 21,964
Oct 57,714 48,341 214117 14,829 257,766 30,871
Nov 3,074 . 2,406 12,015 16,382 12,101 16,892
Dec 2,148 7,328 6,402 23,413 6,401 23,701
NA = Not available Page 9




Observed and Simulated Discharge for the

LCR at Holbrook, Grand Falls and Cameron in ac-ft

LCR at Holbrook LCR at Grand Falls LCR near Cameron
IL Date Observed Simulated Observed Simulated Observed Simulated
1973 Jan 1,680 868 13,152 30,727 12,298 32,028
Feb 9,537 6,605 26,214 7,169 24,762 8,368
Mar 77,883 13,363 85,263 76,110 86,965 83,714
Apr 60,857 1,231 231,253 56,537 236,216 56,706
May 36,881 731 173,524 9,401 177,197 9,744
Jun 1,831 834 2,016 230 1,860 749
Jul 415 8,376 0 4,826 39 8,248
Aug 1,261 20,842 27 2,225 205 3,630
Sep 232 2,338 0 9,572 46 10,228
Oct 462 0 0 4,913 0 5,275
Nov 3585 448 100 0 0 697
Dec 533 677 100 636 0 924
1974 Jan 3,548 1,571 952 44179 656 47,671
Feb 412 1,422 330 15,445 62 18,619
Mar 368 3,062 8,081 33,915 8,060 34,901
Apr 349 2,884 4,108 26,525 3,999 27,022
May 310 1,462 197 6,298 0 6,925
Jun 39 2,471 197 3,186 0 3,768
Jul NA 22,792 5,379 15,955 6,643 19,739
Aug NA 11,234 4,878 6,075 6,042 6,191
Sep NA 19,532 2,185 9,699 2,801 10,958
Oct NA 33,602 9,016 22,032 11,019 25,521
Nov NA 9,471 11,763 15,745 11,845 16,232
Dec NA 653 100 8,499 0 8,788
1975 Jan NA 2,054 277 6,811 12 7,616
Feb NA 3,750 321 11,792 53 12,600
Mar NA 5,238 14,042 22,508 14,155 25,940
Apr NA 8,044 32,263 21,240 32,783 21,735
May NA 682 6,247 3,161 6,185 3,415
Jun NA 490 197 0 0 561
Jul NA 19,287 8,055 13,707 9,863 17,331
Aug NA 10,480 670 9,611 979 9,732
Sep NA 28,189 21,077 15,363 25,529 17,919
Oct NA 3,548 3 1,877 177 2,076
Nov NA 1,221 100 14,203 0 15,925
Dec NA 3,737 978 17,219 892 17,816
1976 Jan NA 5,999 413 27,028 142 30,175
Feb NA 4,710 13,352 29,822 12,489 32,853
Mar NA 5,209 17,631 23,217 17,823 25,815
Apr NA 1,322 34,925 17,322 35,504 17,577
May NA 992 9,713 3,874 9,729 4,542
Jun NA 565 197 505 0 1,138
Jul NA 26,166 15,752 18,391 19,123 21,902
Aug NA 16,156 3,200 1,849 4,022 6,183
NA = Not available Page 10




Observed and Simulated Discharge for the

LCR at Holbrook, Grand Falls and Cameron in ac-ft

LCR at Holbrook LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated Observed Simulated
Sep NA 14,983 6,230 12,123 7,667 16,555
Oct NA 2,648 279 2,398 509 2,752
Nov NA 511 176 456 77 572
Dec NA 1,798 100 3,988 0 4,276
1977 Jan NA 778 3,757 22,058 3,332 24,866
Feb NA 2,458 852 13,154 560 15,766
Mar NA 10,588 225 15,094 29 15,332
Apr NA 2,447 5,083 21,036 4,995 21,810
May NA 1,617 199 4,702 3 4,864
Jun NA 559 197 880 0 1,342
Jul NA 20,017 13,521 14,721 16,440 18,212
Aug NA 20,713 29,916 24,515 36,163 36,508
Sep NA 9,541 6,062 15,162 7,465 16,405
Oct NA 8,041 4,864 12,207 6,025 12,794
Nov NA 942 695 365 605 569
Dec NA 4,904 265 5,401 168 6,045
1978 Jan NA 12,571 896 24,754 603 33,820
Feb NA 15,351 5,773 34,283 5,256 42,460
Mar NA 17,481 112,846 66,521 115,164 74,054
Apr NA 615 46,240 39,980 47,072 41,759
May NA 538 2,432 5,469 2,285 5,630
Jun NA 540 394 0 202 440
Jul NA 1,694 0 0 0 3,267
Aug NA 40,140 58 13,696 243 14,970
Sep NA 22,991 864 10,807 1,212 12,377
Oct NA 16,019 5,958 4,961 7,341 6,331
Nov NA 6,386 35,469 39,998 35,922 43,960
Dec NA 18,678 102,358 47,555 103,857 47,965
1979 Jan NA 10,292 16,413 19,742 15,410 25,305
Feb NA 6,980 47,806 18,698 45,366 23,612
Mar NA 11,143 77,056 73,743 78,575 76,030
Apr NA 5914 155,409 67,791 158,678 67,960
May NA 1,145 21,662 12,366 21,945 12,664
Jun NA 2,805 1,789 5,042 1,628 5,482
Jul NA 648 0 956 0 4,280
Aug NA 5,724 3,170 16,318 3,986 24,718
Sep NA 2,819 0 15,453 0 15,687
Oct NA 2,394 78 19,709 267 22,040
Nov NA 4,210 1,941 8,048 1,870 9,550
Dec NA 2,293 482 7,811 388 8,100
1980 Jan NA 14,046 8,920 56,389 8,259 67,842
Feb NA 19,824 127,357 62,778 121,277 63,143
Mar NA 8,226 44,923 96,657 45,725 100,280
Apr NA 1,736 102,146 96,797 104,225 97,326
NA = Not available Page 11




Observed and Simulated Discharge for the

LCR at Holbrook, Grand Falls and Cameron in ac-ft

LCR at Holbrook LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated Observed Simulated
May NA 751 36,241 15,985 36,849 16,163
Jun NA 233 289 0 94 491
Jul NA 18,009 0 8,668 14 12,123
Aug NA 13,328 3,739 6,629 4,670 13,116
Sep NA 27,368 7,905 16,889 9,683 19,875
Oct NA 9,576 0 2,298 0 3,821
Nov NA 334 100 0 0 116
Dec NA 722 108 3,405 8 3,693
1981 Jan NA 9,922 334 18,765 65 21,577
Feb NA 8,204 342 15,376 73 18,057
Mar NA 8,281 243 12,661 47 16,765
Apr NA 5,008 1,979 10,526 1,822 11,290
May NA 498 271 875 76 1,135
Jun NA 4,085 203 5,916 7 6,507
Jul NA 10,571 17,169 6,162 20,828 10,166
Aug NA 20,137 4,143 22,267 5,157 32,684
Sep NA 10,340 10,716 15,232 13,065 18,015
Oct NA 5,495 21,476 19,470 26,009 22,128
Nov NA 2,018 133 7,428 33 8,321
Dec NA 2,186 1,408 6,313 1,329 6,743
1982 Jan NA 11,997 3,711 24,194 3,288 33,035
Feb NA 9,373 23,129 25,996 21,818 34,102
Mar NA 4,710 69,761 44,242 71,117 50,527
Apr NA 658 31,798 33,328 32,307 33,565
May NA 1,395 3,280 7,679 3,152 8,152
Jun NA 1,045 197 776 0 1,215
Jul NA 10,149 23 3,962 200 8,038
Aug NA 38,147 35,172 29,093 42,486 53,511
Sep NA 26,596 21,333 18,029 25,837 22,312
Oct NA 2,783 185 2,624 395 3,707
Nov NA 4,348 3,271 28,031 3,221 30,340
Dec NA 23,178 27,031 32,597 27,352 36,309
1983 Jan NA 3,921 9,535 5,978 8,846 7,801
Feb NA 4,442 18,197 25,490 17,111 27,160
Mar NA 8,125 81,524 43,762 83,143 48,281
Apr NA 4,869 91,737 34,907 93,584 35,131
May NA 879 40,988 5,809 41,702 5,955
Jun NA 1,271 209 2,534 13 3,037
Jul NA 24,639 7,722 20,348 9,463 23,984
Aug NA 27,967 17,617 21,122 21,366 33,882
Sep NA 41,288 14,056 0 17,083 6,826
Oct NA 13,138 35,060 9,000 42,351 10,175
Nov NA 2,954 2,573 11,928 2,512 13,682
Dec NA 4,013 13,966 15,624 14,083 17,053
NA = Not available Page 12




Observed and Simulated Discharge for the
LCR at Holbrook, Grand Falls and Cameron in ac-ft

LCR at Holbrook LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated Observed Simulated
1984 Jan NA 2,053 10,340 12,142 9,614 12,447
Feb NA 975 802 3,048 513 3,415
Mar NA 4,417 4,155 51,528 4,047 53,124
Apr NA 2,675 1,614 13,457 1,449 13,900
May NA 2,706 197 5,313 0 5,593
Jun NA 499 197 625 0 1,065
Jul NA 14,258 14,400 9,484 17,496 13,244
Aug NA 39,651 62,692 28,160 75,594 42,552
Sep NA 33,758 37,119 13,358 44,828 15,288
Oct NA 22,080 19,313 41,283 23,407 44,336
Nov NA 2,599 304 14,631 207 15,388
Dec NA 6,597 18,786 19,760 18,978 22,171
1985 Jan NA 6,047 28,835 31,141 27,263 34,763
Feb NA 6,117 23,850 16,518 22,506 19,717
Mar NA 5,398 93,099 45,014 94,977 49,738
Apr NA 610 48,374 35,413 49,254 35,582
May NA 497 19,624 6,312 19,861 6,458
Jun NA 0 197 0 0 511
Jul NA 20,483 1,527 10,813 2,009 13,958
Aug NA 8,265 5,166 0 6,388 639
Sep NA 22,972 8,021 20,961 9,822 24,763
Oct NA 11,556 2,354 13,524 3,004 15,996
Nov NA 3,039 10,821 18,333 10,888 21,248
Dec NA 7,249 6,695 21,967 6,698 22,256
1986 Jan NA 22,267 445 7,426 172 7,688
Feb NA 3,350 10,253 23,385 9,531 23,752
Mar NA 5,890 20,081 34,203 20,329 38,901
Apr NA 4,553 10,030 23,217 10,053 23,386
May NA 1,397 197 5,720 0 6,042
Jun NA 1,506 197 1,709 0 2,252
Jul NA 38,293 12,799 20,197 15,571 23,643
Aug NA 46,518 6,647 30,212 8,169 43,043
Sep NA 20,774 10,182 28,843 12,422 32,732
Oct NA 11,950 11,297 6,496 13,763 8,987
Nov NA 1,194 11,109 10,607 11,181 12,106
Dec NA 3,071 9,256 15,104 9,300 15,487
1987 Jan NA 6,780 9,383 21,075 8,701 21,734
Feb NA 9,038 14,424 16,935 13,511 17,478
Mar NA 1,402 31,353 53,960 31,853 57,203
Apr NA 1,673 37,374 50,766 38,007 50,935
May NA 2,156 7,939 10,159 7,915 10,337
Jun NA 2,321 749 3,180 565 3,620
Jul NA 10,371 768 7,436 1,097 10,981
Aug NA 16,567 21,331 5,319 25,835 22,169
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Observed and Simulated Discharge for the

LCR at Holbrook, Grand Falls and Cameron in ac-ft

LCR at Holbrook LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated Observed Simulated
Sep NA 2,586 42 13,180 223 14,332
Oct NA 13,633 605 14,386 901 17,707
Nov NA 2,397 44,221 14,740 44,811 16,897
Dec NA 6,216 115 18,497 15 20,029
1988 Jan NA 7,864 2,501 15,890 2,134 16,275
Feb NA 9,461 34,216 16,441 32,398 16,808
Mar NA 1,424 18,366 36,382 18,576 37,050
Apr NA 566 28,806 34,251 29,248 35,767
May NA 728 4,297 5,445 4,192 5,615
Jun NA 4,663 1,046 7,430 868 8,005
Jul NA 11,584 1,454 10,246 1,922 13,374
Aug NA 56,228 25,226 47,467 30,521 61,839
Sep NA 4,723 12,774 8,904 15,541 11,841
Oct NA 3,323 0 4,692 0 5,338
Nov NA 1,418 163 11,071 64 12,729
Dec NA 6,480 129 12,829 30 13,118
1989 Jan NA 2,283 414 9,750 142 10,515
Feb NA 1,961 738 7,518 452 8,249
Mar NA 14,159 10,535 50,315 10,569 51,827
Apr NA 600 3,342 15,539 3,215 15,708
May NA 723 197 3,696 0 4,010
Jun NA 1,226 197 1,334 0 1,937
Jul NA 31,041 1,899 19,483 2,458 23,005
Aug NA 16,234 16,100 13,875 19,542 22,545
Sep NA 21,493 0 7,914 4 8,148
Oct NA 0 0 5,235 155 6,489
Nov NA 522 0 0 0 116
Dec NA 1,757 0 3,345 0 3,633
1990 Jan NA 793 0 8,133 21 8,500
Feb NA 1,756 0 10,531 515 10,898
Mar NA 6,497 0 14,034 14 15,569
Apr NA 3,238 649 14,703 135 14,872
May NA 2,072 0 5,246 2 5,401
Jun NA 22 0 0 0 440
Jul NA 15,323 5,761 11,424 7,644 15,273
Aug NA 35,980 6,758 35,410 8,723 42,289
Sep NA 42,499 8,694 21,533 18,926 27,558
Oct NA 250 1,254 21,577 1,781 21,722
Nov NA 1,543 1,339 13,212 1,552 13,328
Dec NA 4,223 4,575 16,092 2,964 16,380
NA = Not available Page 14




Simulated and Observed
Sediment Loads



-

Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated
1940 Jan 0 159,830 0 332,402
Feb 13,967 365,888 65,023 664,045
Mar 59,684 900,771 214,031 1,296,768
Apr 0 833,187 0 1,222,926
May 0 66,130 0 104,993
Jun 0 31,841 0 68,036
Jul 800,008 211,708 1,816,280 485,996
Aug| 3,910,989 946,348 6,171,971 2,141,070
Sep| 4,907,372 1,075,703 7,547,107 1,910,914
Oct| 1,782,896 464,492 3,192,423 907,005
Nov| 359,298 465,064 477,424 722,716
Dec| 1,206,183 604,539 1,750,480 895,390
1941 Jan| 2,698,290 842,379 1,951,397 1,407,592
Feb| 3,690,167 946,542 2,639,437 1,544,317
Mar | 2,982,347 2,007,462 4,737,779 3,124,942
Apr| 2,301,807 1,740,199 3,680,623 | 2,491,126
May| 1,789,304 170,198 2,891,167 271,770
Jun 0 128,882 0 223,596
Jul 0 124,370 587,452 337,411
Aug| 2,317,966 1,135,880 3,941,577 | 2,158,322
Sep| 2,774,663 1,521,374 | 4,561,098 2,504,235
Oct| 5,140,882 449,095 7,893,946 1,054,045
Nov| 127,199 443,793 127,967 679,679
Dec| 122,919 566,585 119,482 849,549
1942 Jan 57,965 204,847 102,397 437,175
Feb 72,603 891,910 106,085 1,461,834
Mar| 191,823 1,770,563 418,558 2,463,899
Apr| 948,801 1,785,552 1,586,417 | 2,452,778
May 0 181,852 0 285,937
Jun 0 35,466 0 71,395
Jul 0 98,835 29,629 305,374
Aug 0 460,659 83,794 945,630
Sep 0 830,176 31,230 1,267,470
Oct 0 218,231 126,642 422,323
Nov 23,266 149,205 0 229,666
Dec 0 72,676 0 120,405
1943 Jan 0 851,035 0 1,318,824
Feb 87,275 889,952 116,360 1,369,911
Mar| 1,000,117 1,206,777 1,669,649 1,972,234
Apr 51,690 1,035,902 197,853 1,475,860
May 0 151,211 0 234,553
Jun 0] 62,895 0 119,130
Jul 0 169,243 29,629 409,232
Aug| 1,269,638 729,364 2,473,810 1,831,691
NA = Not available Page 1




Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated
Sep| 799,657 475,840 1,795,888 70,189
Oct 0 822,322 133,828 1,287,474
Nov 0 141,674 0 220,262
Dec 673 238,424 0 372,644
1944 Jan 0 6,917 0 126,076
Feb 0 483,812 0 901,901
Mar| 278,749 2,991,863 553,103 4,497,420
Apr| 1,450,708 | 2,927,435 | 2,363,279 | 4,027,850
May| 325,420 237,023 625,342 368,829
Jun 0 50,620 0 93,272
Jul 0 119,377 29,629 340,208
Aug 0 122,684 29,629 345,391
Sep| 428,373 1,154,221 1,276,053 1,698,085
Oct 0 657,690 351,208 15,659
Nov 41,255 125,705 0 241,150
Dec 45,211 198,918 2,483 326,178
1945 Jan 0 947,702 0 1,535,242
Feb 0 879,828 48,752 1,450,929
Mar| 139,026 1,192,668 336,837 2,228,665
Apr| 1,344,851 426,521 2,199,430 667,454
May| 204,658 84,156 438,424 134,418
Jun 0 48,395 0 97,483
Jul 527,981 991,231 1,435,415 1,681,842
Aug| 3,259,794 3,251,425 5,260,231 5,593,820
Sep 0 299,099 128,590 453,457
Oct 0 299,529 34,551 525,774
Nov 0 105,823 0 163,921
Dec 16,374 165,993 0 263,040
1946 Jan 0 492,500 13,895 831,042
Feb 0 1,337,315 0 1,996,351
Mar 0 377,868 0 623,631
Apr 0 390,665 0 588,722
May 0 47,917 0 88,772
Jun 0 64,729 0 122,050
Jul 526,698 310,609 1,433,618 676,761
Aug| 4,949,694 | 2,515,889 | 7,626,263 5,576,200
Sep| 3,751,922 431,779 5,929,360 711,628
Oct 0 226,107 125,743 391,618
Nov| 608,886 255,897 853,212 462,169
Dec| 205,016 297,953 243,090 463,919
1947 Jan 0 330,725 0 692,468
Feb]| 176,482 499,770 178,831 966,375
Mar 0 409,779 0 623,607
Apr 0 463,468 0 710,438
NA = Not available Page 2




Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated
May 0 53,356 0 90,536
Jun 0 33,479 0 66,898
Jul 0 131,239 0 347,679
Aug| 7,293,355 1,519,394 | 12,974,390 | 3,965,640
Sep| 861,124 769,480 2,471,287 1,165,884
Oct| 5,471,291 1,082,028 9,367,850 1,853,270
Nov 27,763 545,145 0 913,161
Dec 41,081 817,530 0 1,184,453
1948 Jan (0] 263,272 0 553,057
Feb| 149,820 605,252 127,027 1,086,880
Mar| 211,367 3,900,490 414,623 5,514,970
Apr| 1,368,845 1,312,890 | 2,193,967 1,830,753
May 0 142,223 0 229,301
Jun 0 64,281 0 120,552
Jul 41,670 119,719 605,216 326,389
Aug| 1,211,255 426,578 2,472,039 906,053
Sep 0 330,744 27,160 613,005
Oct 0 1,083,673 505,390 1,716,802
Nov 82,977 134,839 74,366 208,004
Dec| 135,828 319,410 65,562 491,765
1949 Jan 594,347 1,346,435 579,736 2,090,843
Feb| 426,201 675,955 408,891 1,152,363
Mar| 1,768,886 4,946,950 3,276,240 | 6,721,720
Apr| 1,550,921 3,272,107 | 2,579,640 | 4,441,880
May 0 280,586 0 428,247
Jun 0 122,702 0 209,505
Jul 915,491 268,786 1,419,141 593,209
Aug| 3,623,565 1,092,625 5,118,471 1,976,343
Sep| 660,581 478,929 1,294,231 843,891
Oct 0 203,039 760,865 495,102
Nov 16,970 106,172 0 177,776
Dec 1,478 164,200 0 261,473
1950 Jan 0 137,360 0 292,235
Feb| 371,727 1,088,754 317,304 1,668,097
Mar 82,484 693,996 249,158 1,080,857
Apr 0 297,855 0 499,917
May 0 42,458 0 69,102
Jun 0 37,353 0 73,785
Jul 175,891 197,225 910,965 494,288
Aug 0 367,087 75,063 1,108,251
Sep 0 281,800 161,377 34,869
Oct 0 281,800 0 4,369
Nov 0 26,957 0 44,163
Dec 0 187,852 0 296,130
NA = Not available Page 3




Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated
1951 Jan 0 396,494 0 639,559
- Feb 0 623,293 0 967,873
Mar 0 1,106,061 0 1,645,086
Apr 0 1,361,521 0 1,892,366
May 0 129,984 0 208,327
Jun 0 31,741 0 67,390
Jul 0 90,358 446,421 277,167
Aug| 2,716,382 115,775 3,231,801 861,226
Sep| 504,741 1,271,235 2,189,796 1,821,137
Oct 293,643 113,255 1,080,563 282,206
Nov 6,717 918,835 0 1,390,679
Dec 8,504 1,059,711 0 1,623,855
1952 Jan| 6,624,011 2,921,355 4,757,842 4,097,000
Feb| 310,007 585,847 273,535 923,178
Mar 44,380 5,921,130 188,962 8,666,240
Apr| 2,812,112 3,491,768 4,557,226 4,762,570
May] 233,655 314,538 487,970 484,230
Jun 0 94,012 0 172,349
Jul 0 146,443 189,384 429,406
Aug| 597,940 700,730 1,518,844 1,484,675
Sep| 1,937,192 424,442 3,427,258 1,141,730
Oct 0 30,490 0 49,761
Nov 22,649 843,045 0 1,266,762
Dec| 164,444 864,045 182,953 1,245,906
1953 Jan o 59,702 0 100,099
Feb 0 433,858 0 664,010
Mar 99,926 776,901 276,711 1,228,546
Apr 0 898,462 0 1,282,877
May 0 192,465 0 303,927
Jun 0 57,747 0 111,152
Jul 800,690 349,894 1,810,865 746,674
Aug| 814,538 631,278 1,830,811 2,032,946
Sep 0 136,812 0 249,344
Oct 0 179,042 0 290,617
Nov 0 44,211 0 87,065
Dec 0 244 560 0 381,177
1954 Jan 0 114,011 0 207,568
Feb 0 326,015 0 532,798
Mar; 234,411 926,317 359,153 1,797,148
Apr| 222,333 430,356 465,233 645,329
May 0 58,728 0 95,839
Jun 0 40,381 0 77,555
Jul | 3,625,490 528,356 4,679,992 | -1,018,146
Aug 87,222 292,027 735,643 455,566
NA = Not available Page 4




Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

LCR at Grand Falls LCR near Cameron
Date Observed Simulated | Observed | Simulated
Sep| 1,833,415 882,155 3,192,967 1,559,346
Oct 0 225,169 469,810 372,384
Nov 0 18,766 0 33,163
Dec 0 12,337 0 28,465
1955 Jan 0 437,140 0 964,821
Feb 0 869,681 0 1,627,521
Mar 0 1,292,377 0 1,799,671
Apr 0 406,894 0 638,917
May 0 56,959 0 97,521
Jun 177,308 63,997 1,021,643 113,987
Jul 74,390 134,724 1,489,012 372,595
Aug| 12,265,536 | 1,293,978 | 17,338,611 | 2,636,415
Sep 0 221,967 401,416 338,947
Oct 0 161,797 0 256,401
Nov 0 161,823 0 260,460
Dec 3,311 330,578 0 524,354
1956 Jan 0 631,253 0 1,044,660
Feb 0 2,138,209 0 3,329,543
Mar 0 1,009,014 0 1,427,856
Apr 0 1,046,415 0 1,474,384
May 0 168,203 0 269,042
Jun 0 31,647 0 64,103
Jul 0 92,332 197,660 309,282
Aug 80,806 85,263 1,036,361 222,039
Sep 0 570,397 0 840,924
Oct 0 23,854 0 44 650
Nov 0 37,317 0 59,793
Dec 0 36,136 0 10,056
1957 Jan| 1,990,695 6,725,770 1,276,580 | 10,459,410
Feb| 1,935,672 1,885,358 714,838 3,658,440
Mar| 328,629 3,243,157 227,638 4,612,660
Apr 0 3,851,350 2,702 5,319,950
May 0 337,395 1,905 529,012
Jun 0 11,091 28,202 38,429
Jul 0 173,651 687,234 416,927
Aug| 4,152,220 | 2,067,242 7,246,700 3,729,340
Sep| 388,016 205,829 744,701 314,802
Oct| 865,448 143,508 1,632,257 371,445
Nov| 401,021 9,558 874,157 87,425
Dec 85,485 97,040 2,696 164,785
1958 Jan 0 323,158 161 666,755
Feb 74,950 985,341 65,081 1,646,678
Mar| 450,267 1,472,339 990,326 2,437,775
Apr| 772,088 681,796 770,220 1,041,840
NA = Not available Page §




Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated
May 0 91,809 14,042 147,509
Jun 0 16,934 16,710 44,887
Jul 0 93,129 55,290 281,159
Aug| 1,851,544 2,234 171 3,660,938 3,910,770
Sep| 2,823,091 621,551 3,254,557 1,232,157
Oct| 450,993 240,981 400,503 425,372
Nov 0 79,302 140 128,522
Dec 0 128,353 50 205,713
1959 Jan 0 308,568 300 541,028
Feb 0 445,444 120 753,818
Mar 0 1,132,478 10,408 1,581,820
Apr 0 480,024 11,305 733,590
May 0 99,681 0 163,137
Jun 0 86,036 3,823 155,797
Jul 0 49,407 14,042 231,715
Aug| 2,747,178 1,369,944 | 6,389,120 2,528,024
Sep 0 592,887 20,778 890,832
Oct 808,348 190,110 848,423 432,735
Nov| 1,392,378 652,310 2,203,112 977,716
Dec| 956,537 720,406 1,088,956 1,053,962
1960 Jan 867,574 1,016,684 533,016 1,733,931
Feb} 201,487 528,668 99,708 1,041,880
Mar| 1,869,521 2,408,869 3,836,211 3,498,940
Apr| 180,413 2,511,013 182,926 3,426,030
May 0 184,141 9 283,784
Jun 0 19,025 300 45,481
Jul 0 102,986 0 298,005
Aug 0 94,250 0 22,903
Sep 0 185,594 41,525 390,527
Oct| 302,158 178,089 686,400 472,735
Nov 5,790 127,948 600 215,183
Dec 7,561 177,047 350 293,317
1961 Jan 0 236,327 200 371,865
Feb 0 593,626 40 888,474
Mar 0 799,938 39,060 1,540,770
Apr 22,721 354,305 175,341 536,015
May 0 57,399 0 95,377
Jun 0 20,739 0 47,369
Jul 0 261,925 100,000 605,293
Aug! 329,166 633,587 1,374,890 1,404,100
Sep 0 582,455 1,121,390 1,038,538
Oct 0 132,001 61,818 277,958
Nov| 155,868 668,171 477,878 1,016,489
Dec 2,658 510,042 50 832,032
NA = Not available Page 6




Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

. LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated
1962 Jan 0 2,084,862 5,000 2,970,956
Feb| 2,308,908 441,084 2,628,890 735,898
Mar 69,829 2,369,310 226,377 3,430,880
Apr| 1,740,172 1,506,984 1,694,500 | 2,080,951
May 0 122,657 2,631 190,983
Jun 0 73,103 0 129,464
Jul 0 68,592 0 119,842
Aug 0 696,229 21,000 1,050,926
Sep 56,019 1,056,927 829,112 1,712,087
Oct 0 71,786 725,390 225,643
Nov| 131,228 60,381 341,974 130,363
Dec 9,013 216,880 1,073 342,210
1963 Jan 0 194,678 18 404,926
Feb 0 1,246,465 74,710 1,918,776
Mar 0 512,981 11,642 867,046
Apr 0 586,140 17,791 903,518
May 0 64,296 0 111,362
Jun 0 60,786 0 18,052
Jul 0 60,786 0 119,843
Aug| 3,095,689 | 4,757,760 | 6,181,000 8,881,720
Sep| 2,120,348 184,627 3,454,900 320,166
Oct 0 158,720 172,109 49,649
Nov 30,569 94,804 47,038 150,399
Dec 2,420 33,971 0 61,211
1964 Jan 0 1,079,669 0 1,527,229
Feb 0 547,290 0 823,991
Mar 0 944 428 0 1,796,411
Apr| 384,013 376,841 784,980 587,854
May 0 160,410 84,241 255,065
Jun 0 7,455 1,000 29,954
Jul 371,450 363,800 1,530,650 777,703
Aug| 8,346,441 4,221,670 | 12,876,300 | 6,798,270
Sep| 1,796,750 1,340,261 1,667,640 1,980,839
Oct 0] 106,003 20,445 164,412
Nov 2,478 390,035 0 604,988
Dec 2,420 392,769 0 597,947
1965 Jan] 2,050,183 3,268,722 1,317,200 5,143,100
Feb| 421,917 787,885 65,730 1,583,972
Mar 92,102 4,781,210 99,590 6,946,620
Apr| 1,784,489 { 3,030,093 1,384,000 | 4,117,650
May| 129,287 318,384 191,139 487,781
Jun 0 125,529 0 213,242
Jul | 1,314,359 574,893 3,270,000 1,076,130
Aug| 385,831 398,320 1,331,433 129,674
NA = Not available Page 7




Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated
Sep| 1,342,911 544,151 1,957,459 1,210,126
Oct 0 13,709 38,384 80,607
Nov| 164,379 1,593,246 145,447 2,351,619
Dec| 1,014,990 1,901,931 1,514,480 | 2,944,343
1966 Jan| 2,807,417 3,283 1,450,400 17,672
Feb 0 590,606 6,148 884,213
Mar| 1,296,395 2,796,584 | 2,991,760 3,831,430
Apr| 146,459 1,932,599 147,998 2,692,081
May 0 168,966 28 269,842
Jun 4] 10,992 0 35,527
Jul 0 734,436 174,000 1,291,192
Aug| 1,027,420 385,575 2,620,100 810,441
Sep| 488,131 32,938 1,464,000 145,281
Oct 0 56,375 594,753 136,035
Nov 4,257 620,281 617 928,358
Dec| 953,952 684,558 532,002 1,009,414
1967 Jan 0 453,280 36 11,192
Feb 0 1,936,497 34 2,677,104
Mar 0 515,651 0 768,580
Apr 0 591,019 2,954 916,188
May 0 58,096 0 97,856
Jun 0 21,228 296,105 56,268
Jul | 1,483,186 323,937 3,518,779 715,178
Aug| 7,079,641 1,602,972 9,343,100 | 3,204,923
Sep| 3,763,370 270,173 4,791,980 547,152
Oct 0 237,715 20,636 366,463
Nov 2,478 1,550,541 0 2,132,913
Dec 7,258 1,942,828 2,600 2,674,594
1968 Jan 0 67,605 71,400 111,945
Feb| 1,974,824 383,354 1,287,500 591,045
Mar| 883,597 1,925,660 1,074,100 | 2,698,439
Apr| 1,310,254 1,651,791 1,546,400 | 2,336,308
May 30,390 157,087 113,102 243,515
Jun 0 85,715 0 147,513
Jul 79,057 181,994 893,442 452,435
Aug| 2,453,344 3,659,567 | 4,509,200 | 6,140,760
Sep 0 145,848 80 231,452
Oct 0 379,064 490,123 639,648
Nov 9,857 362,162 13,019 563,430
Dec 2,420 326,232 0 501,426
1969 Jan| 1,189,801 1,727,778 1,581,989 | 2,716,175
Feb| 167,565 227,934 122,991 551,144
Mar| 159,687 2,612,901 676,198 3,886,380
Apr| 628,195 1,389,839 928,136 1,926,879
NA = Not available Page 8




Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated
May 0 139,367 17,158 220,679
Jun 0 38,413 0 74,498
Jul 631,227 296,509 1,532,664 651,361
Aug| 192,251 1,565,209 959,823 2,547,989
Sep| 1,499,386 310,278 2,273,693 556,644
Oct 0 70,604 717,219 232,721
Nov 49,191 143,250 57,807 246,280
Dec 4,405 340,512 115 531,504
1970 Jan 0 109,552 2,002 178,369
Feb 0 21,455 o 46,641
Mar 0 3,664,586 210,281 6,237,210
Apr 0 452,303 82,348 697,352
May 0 76,699 0 126,220
Jun 0 71,734 0 15,957
Jul 0 205,303 90,443 514,326
Aug| 687,307 1,053,468 | 2,149,947 | 2,000,082
Sep| 3,819,398 540,829 6,186,902 887,101
Oct 0 217,124 35,122 354,295
Nov 2,822 19,233 0 32,575
Dec 5,200 85,736 0 140,472
1971 Jan 0 143,453 0 227,815
Feb 0 100,543 0 168,262
Mar 0 303,772 0 459,892
Apr 0 240,100 0 368,527
May 0 100,623 0 157,433
Jun 0 42,688 0 84,581
Jul 0 186,383 0 466,457
Aug| 4,759,594 1,095,641 7,512,895 | 2,282,966
Sep| 927,004 154,766 1,972,278 296,400
Oct| 6,052,645 135,854 9,375,284 380,376
Nov| 253,090 225,774 321,179 358,269
Dec| 1,168,552 385,900 1,725,557 587,943
1972 Jan 99,164 546,453 130,836 813,160
Feb 0 227,946 0 362,103
Mar 0 459,625 0 682,999
Apr 0 538,525 0 817,203
May 0 119,980 0 198,559
Jun 0 101,256 0 173,535
Jul 270,178 92,773 1,046,767 141,193
Aug 0 475,502 599,369 1,143,075
Sep 0 799,840 136,352 1,244,316
Oct | 21,864,935 492,955 32,149,805 | 1,875,950
Nov| 502,736 587,202 704,707 887,137
Dec| 267,022 918,928 340,542 1,317,154
NA = Not available Page 9




Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated
1973 Jan| 397,775 1,353,141 342,592 1,972,530
Feb| 1,116,662 227,343 845,564 408,611
Mar| 1,762,530 | 5,130,830 | 2,903,217 | 7,879,160
Apr] 5,233,767 | 3,429,392 | 8,382,845 | 4,647,380
May| 3,856,064 278,258 6,210,485 433,802
Jun 0 5,707 0 27,519
Jul 0 128,703 0 356,375
Aug 0 55,852 0 140,996
Sep 0 295,955 0 477,996
Oct 0 131,291 0 213,480
Nov 2,478 117,440 0 25,551
Dec 2,420 15,400 0 33,072
1974 Jan 0 2,272,686 0 3,443,340
Feb 0 595,204 0 1,097,840
Mar 0 1,559,328 11,109 2,219,619
Apr 0 1,151,579 0 1,637,956
May 0 173,776 0 290,964
Jun 0 84,719 0 152,279
Jul 85,130 542,731 780,241 1,038,088
Aug 32,937 166,775 705,068 255,931
Sep 0 300,752 301,912 519,372
Oct| 464,619 843,102 1,326,822 1,452,473
Nov| 492,150 556,983 688,445 843,491
Dec 2,420 246,550 0 383,915
1975 Jan 0 190,159 0 324,778
Feb 0 418,262 0 670,087
Mar 73,207 868,931 234,501 1,484,308
Apr| 513,789 838,587 926,442 1,227,396
May 0 81,094 0 131,882
Jun 0 75,558 0 20,477
Jul 364,397 445,186 1,182,471 | 879,144
Aug 0 285,804 72,610 433,171
Sep| 1,738,451 539,151 3,141,009 956,346
Oct 0 46,741 0 77,178
Nov 2,478 486,375 0 823,466
Dec 39,302 600,782 0 910,481
1976 Jan 0 1,129,287 0 1,818,757
Feb| 437,116 1,500,063 363,673 2,350,331
Mar| 158,325 908,033 368,967 1,474,719
Apr| 576,929 632,988 1,026,187 933,163
May 0 101,055 72,279 180,567
Jun 0 12,606 0 42,451
Jul | 1,167,449 656,679 2,339,111 1,187,774
Aug 0 46,014 452,838 255,572
NA = Not available Page 10




Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

LCR at Grand Fails LCR near Cameron
Date Observed Simulated | Observed Simulated
Sep| 189,270 396,874 | 909,717 864,774
Oct 0 60,439 13,913 104,333
Nov 5,659 11,370 0 20,892
Dec 2,420 104,306 0 168,892
1977 Jan 0 844,531 0 1,403,252
Feb 0 481,506 0 887,169
Mar 0 504,531 0 753,537
Apr 0 827,301 0 1,232,907
May 0 125,042 0 194,928
Jun 0 22,153 0 50,427
Jul 934,749 488,311 2,003,952 936,343
Aug| 2,645,325 981,537 4,467,703 | 2,362,429
Sep| 171,758 529,866 884,494 854,912
Oct 31,458 384,106 702,937 602,449
Nov 27,478 9,083 0 20,780
Dec 9,357 145,982 0 249,064
1978 Jan 0 995,354 0 2,125,352
Feb 36,655 1,828,675 79,692 3,375,160
Mar| 2,416,794 | 4,172,660 3,936,792 | 6,588,100
Apr| 845,316 2,063,519 1,450,173 | 2,987,276
May 0 148,048 0 229,771
Jun 0 130,730 0 15,957
Jul 0 130,730 0 125,656
Aug 0 444,748 0 731,408
Sep 0 343,607 103,349 602,219
Oct 145,614 132,727 867,357 262,528
Nov| 1,487,500 | 2,064,891 2,217,595 3,213,653
Dec| 4,295,832 | 2,529,436 | 6,529,977 | 3,473,970
1979 Jan| 570,088 723,595 464,786 1,436,207
Feb| 2,257,511 772,742 1,654,581 1,499,703
Mar| 1,567,866 | 4,886,600 | 2,595,695 | 6,845,490
Apr| 3,434,760 | 4,515,630 5,540,857 | 6,082,340
May| 253,954 390,437 520,038 595,014
Jun 0 140,201 0 231,346
Jul 0 23,314 0 169,058
Aug 0 559,194 448,254 1,392,233
Sep 0 543,356 0 808,002
Oct 0 721,939 0 1,197,519
Nov 79,792 240,262 54,942 440,399
Dec 18,475 223,109 0 348,928
1980 Jan 174,185 3,252,691 184,036 5,775,630
Feb| 6,460,684 | 3,430,546 | 4,635,204 | 6,041,240
Mar]| 805,686 7,466,700 1,391,638 | 10,282,700
Apr| 2,171,377 | 7,885,660 3,545,023 | 10,325,790
NA = Not available Page 11




Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed | Simulated
May| 599,747 544,115 1,066,306 805,059
Jun 0 382,090 0 17,852
Jul 0 252,415 0 564,170
Aug 0 184,322 533,760 621,139
Sep| 364,117 611,762 1,161,550 1,092,564
Oct 0 57,785 0 149,152
Nov 2,478 54,930 0 4,139
Dec 2,765 87,856 0 143,687
1981 Jan 0 674,951 0 1,164,823
Feb 0 591,675 0 1,055,208
Mar 0 402,272 0 842,994
Apr 0 332,574 0 538,438
May 0 21,300 0 40,904
Jun 0 167,974 0 281,296
Jul | 1,315,357 169,503 2,552,143 456,268
Aug 0 855,862 594,562 2,027,979
Sep| 657,439 533,117 1,584,023 962,901
Oct| 1,764,724 709,927 3,199,368 1,203,763
Nov 3,847 218,575 0 374,225
Dec 57,358 174,268 18,437 282,181
1982 Jan 0 963,162 0 2,057,866
Feb| 953,683 1,233,432 729,990 2,475,560
Mar| 1,394,832 2,277,512 | 2,322,343 3,744,400
Apr| 502,745 1,594,410 908,994 2,200,558
May 0 218,688 0 351,562
Jun 0 19,488 0 45,464
Jul 0 103,566 0 345,804
Aug| 3,193,744 1,252,332 5,257,594 | 4,069,300
Sep| 1,765,115 668,352 3,179,414 1,270,233
Oct 0 66,484 0 144,269
Nov| 135,631 1,244,575 140,727 1,915,870
Dec| 1,133,146 1,472,709 1,671,163 | 2,344,607
1983 Jan| 206,681 163,750 207,081 333,961
Feb| 693,072 1,199,772 545,181 1,810,183
Mar{ 1,673,850 2,241,950 | 2,763,124 3,506,910
Apr| 1,924,481 1,701,696 3,154,988 | 2,344,035
May| 712,358 168,504 1,244,203 244,846
Jun 0 66,336 0 120,272
Jul 329,682 754,500 1,132,471 1,337,885
Aug| 1,362,045 794,738 2,619,388 2,130,756
Sep| 1,005,912 504,880 2,085,930 297,216
Oct| 3,182,046 264,044 5,240,745 456,787
Nov| 106,303 388,835 95,670 681,288
Dec| 584,592 527,963 828,424 861,363
NA = Not available Page 12




Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated
1984 Jan 249,183 381,539 237,220 582,571
Feb 0 87,010 0 147,456
Mar 0 2,845,618 0 4,026,660
Apr 0 453,549 0 694,751
May 0 143,315 0 228,050
Jun 0 15,644 0 39,608
Jul | 1,026,405 281,257 2,135,964 628,559
Aug| 6,065,203 | 1,196,139 | 9,393,370 | 2,928,637
Sep| 3,412,264 449,253 5,551,811 782,288
Oct| 1,539,025 | 2,061,445 | 2,874,294 | 3,104,453
Nov 11,054 505,637 0 788,703
Dec| 786,959 724,534 1,139,318 1,206,821
1985 Jan| 1,226,395 1,379,364 930,196 2,207,505
Feb| 991,792 651,711 757,014 1,182,602
Mar| 1,948,404 | 2,335,320 | 3,196,852 | 3,660,290
Apr| 895,938 1,736,585 1,530,143 | 2,385,837
May| 205,596 174,235 443,645 268,568
Jun 0 150,880 0 18,587
Jul 0 330,168 201,351 670,597
Aug 62,975 258,470 748,331 22,599
Sep| 376,194 823,203 1,178,943 1,457,666
Oct 0 437,597 325,633 794,609
Nov| 452,602 683,788 627,688 1,191,572
Dec| 279,305 839,678 359,412 1,212,858
1986 Jan 0 210,277 0 328,338
Feb| 273,363 1,062,236 247,550 1,511,555
Mar| 216,448 1,578,663 460,787 2,581,198
Apr 0 951,612 93,329 1,351,247
May 0 155,755 0 248,928
Jun 0 43,866 0 87,142
Jul 859,421 746,770 1,895,456 1,312,893
Aug| 217,432 1,321,134 970,796 2,976,622
Sep| 601,702 1,295,904 | 1,503,745 | 2,125,698
Oct| 702,611 180,077 1,669,602 | ~ 394,206
Nov| 464,711 335,758 646,291 586,110
Dec| 386,861 505,002 524,651 763,103
1987 Jan| 198,653 792,280 201,388 1,175,863
Feb| 493,742 674,208 403,828 1,011,864
Mar| 483,823 3,046,567 883,174 4,486,120
Apr 635,006 2,921,792 1,117,934 3,972,610
May 0 305,797 5,802 465,505
Jun 0 84,553 0 145,705
Jul 0 210,604 87,377 500,498
Aug| 1,749,640 143,494 3,177,644 | 1,206,690
NA = Not available Page 13




Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated
Sep 0 441,569 0 721,651
Oct 0 473,929 62,873 903,449
Nov| 1,854,957 510,587 2,782,117 887,478
Dec 3,043 661,875 0 1,057,777
1988 Jan 0 539,865 0 812,056
Feb| 1,539,483 647,601 1,145,402 962,452
Mar| 175,776 1,722,483 396,535 2,411,335
Apri 431,787 1,656,859 796,898 2,403,144
May 0 147,332 0 229,071
Jun 0 218,644 0 357,603
Jul 0 309,004 190,400 636,152
Aug| 2,156,031 2,522,709 3,762,971 5,031,960
Sep| 872,162 271,149 1,893,289 570,535
Oct 0 124,758 0 216,370
Nov 5,126 354,110 0 623,259
Dec 3,650 409,071 0 621,227
1989 Jan 0 290,850 0 475,098
Feb 0 240,524 0 401,778
Mar 0 2,747,505 103,082 3,884,760
Apr 0 547,380 0 809,352
May 0 96,017 0 157,295
Jun 0 33,939 0 74,218
Jul 0 710,604 257,347 1,266,549
Aug| 1,203,798 452,269 2,391,465 1,233,529
Sep 0 235,536 0 365,093
Oct 0 140,957 569 270,024
Nov 0 125,130 0 4,139
Dec 0 86,189 0 141,125
1990 Jan 0 234,011 0 369,175
Feb 0 362,610 28,590 560,896
Mar 0 458,968 0 768,156
Apr 1,152 508,911 0 755,748
May 0 141,286 0 219,251
Jun 0 125,400 0 15,957
Jul 518,850 353,493 394,141 749,895
Aug| 667,010 1,658,001 805,380 2,902,976
Sep| 539,210 855,020 1,972,580 1,681,814
Oct 61,710 818,815 109,690 1,175,037
Nov 73,250 442 944 82,210 659,589
Dec| 167,660 548,967 180,210 818,684
1991 Jan{ 716,089 NA 899,169 NA
Feb 82,827 NA 71,900 NA
Mar| 707,960 NA 1,459,550 NA
Apr| 1,132,330 NA 2,914,330 NA
NA = Not available Page 14




Observed and Simulated Sediment Loads for the

LCR at Grand Falls and the LCR near Cameron in tons/month

LCR at Grand Falls LCR near Cameron
Date Observed Simulated Observed Simulated
May 6,184 NA 12,414 NA
Jun 0 NA 0 NA
Jul 0 NA 0 NA
Aug 2,700 NA 111,370 NA
Sep 77,240 NA 758,140 NA
Oct 0 NA 0 NA
Nov 21,018 NA 0 NA
Dec| 364,821 NA 565,877 NA
NA = Not available Page 15




APPENDIX F

SCATTER PLOTS FOR
CHANNEL GEOMETRIES
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