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EXECUTIVE SUMMARY

Sand and gravel has been extracted from the Salt River in Maricopa County for decades.

The mining activities have disturbed the natural equilibrium of the river channel to induce river

channel changes. The channel geometry for a long river reach was surveyed in 2001 and those

cross sections near the Gilbert Road Bridge crossing were surveyed in 2007. The geometric data

and the flood hydrology provide the data basis that is useful for testing and calibration of

computer models for river sedimentation. This scope of the study has the following tasks: (1) to

simulate the river channel changes caused by floods occurred after 2001, (2) to compare the

simulated results with the channel geometry surveyed in 2007, and (3) to predict long-term river

channel changes in the future. Sediment transport and river channel changes for the Salt were

simulated using the FLUVIAL-l 2 computer model. The data used for the Salt River study are

taken from previous studies covering the hydrology, hydraulics and geomorphology of the

stream channel.

Pit capture refers to a stream that is diverted from its normal course into a pit at a lower

elevation. During the 2005 flood, flood water in the main channel of the Salt River was diverted

into the Gilbert mining pit north of the channel. As a result of pit capture, the flow made a 90

degree tum toward the north into the deep Gilbert mining pit. The diverted water traveled

through the Gilbert pit and reentered the main channel at a downstream location.

River Channel Changes during the 2005 Flood - The 2005 flood has the peak

discharge exceeding 40,000 cfs and a long duration over three months; it was the most important

event for the period from 2001 to 2007. Other events for the same period are much smaller in

discharge and shorter in duration.

River channel changes during the 2005 flood with pit capture were simulated for the 2005

flood. The simulated river channel changes were compared with the measured changes. The

short channel reach near the Gilbert Road crossing is between two major mining pits. This

channel reach is simulated to undergo major channel bed degradation of about 10 feet.
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The simulated results for river stations near the Gilbert Road crossing are presented

together with the measured post-flood cross-sectional profiles. The comparisons of cross

sectional area changes and the maximum scour depths are summarized in the two following

tables.

Comparison of simulated and measured cross-sectional area changes

River Station Cross-Sectional Area Change due to Scour, Square feet

River miles Measured by Survey Simulated by Model

7.28 2,990 3,070

7.32 3,480 3,710

7.36 1,620 1,910

7.40 2,000 1,730

7.44 3,970 3,800

7.47 3,350 3,350

7.55 2,890 2,910

7.62 2,450 2,345

Comparison of simulated and measured maximum scour depths

River Station Maximum Scour Depths, feet

River miles Measured by Survey Simulated by Model

7.28 9.8 13.8

7.32 18.0 15.4

7.36 14.1 12.2

7.40 16.9 14.2

7.44 13.2 14.1

7.47 12.8 14.8

7.55 13.8 14.0

7.62 13.5 13.0
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The total amount of channel bed scour as simulated is similar to the measured amount as

shown in the above table. The total depth of channel bed degradation is also similar. However,

the simulated and measured cross-sectional profiles have significant differences. The simulated

channel bed scour is near the thalweg; the measured scour may be away from the thalweg. The

causes for such discrepancy may be due to lateral migration of the thalweg, which is not

considered in the model simulation; or it may be due to survey inaccuracy. In fact, the overbank

areas for the cross sections from the 200 I survey do no always match the corresponding ones

from the 2007 survey. The overbank areas were not affected by river channel scour; there

should be no big differences in geometry. However, such differences do exist at several river

stations.

The simulated cross-sectional profiles may have an uneven channel bed, while those from

the 2007 topographic survey are quite smooth. One possible reason why there are differences is

that the 2007 topography was developed from contours. In the process, local variations in bed

elevation may be ignored and wide flat area may thus be shown as flat bed.

Long-Term River Channel Changes - The Gilbert mining pit is separated from the

main channel of the Salt River by a berm. There also exist instream mining pits located both

upstream and downstream of the Gilbert Road crossing. The long-term river channel changes for

this reach of the Salt River have been simulated for the two following cases: (1) without pit

capture (by the Gilbert mining pit) and (2) with pit capture. The hydrograph for a long-term

flood series was used. For the case of no pit capture, the study river reach is predicted to

undergo major changes. The changes are characterized by refill of the mining pits and erosion of

their adjacent river reaches. The river reach near the Gilbert Road crossing is simulated to

undergo changes in both channel bed scour and refill (or degradation and aggradation). The

channel bed profile at the end of flood series is lower than the initial channel bed profile.

However, the channel bed profile at the end of flood series is higher than the maximum channel

bed scour profile. The difference between these two profiles indicate refill would occur during

the later part of the flood series.

The downstream mining pit induces head cutting on this reach and the upstream pit

causes tail-cutting on the reach. This process continues as the adjacent mining pits undergo
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refill. After the refill, these adjacent mining pits no longer cause head-cutting and tail-cutting.

By that time, this river reach is expected to undergo refill as sediment supply resumes to this

reach. Long-term changes with pit capture (by off-stream the Gilbert mining pit) have also been

simulated. Pit capture will increase potential river channel scour. However, it should be noted

that the long-term simulations only simulate the existing geometries of the sand and gravel pits

and that any future or continued excavation is not simulated.

The computer output files for the study have the complete information for the

longitudinal profile changes and cross-sectional changes. This study has its focus on the Salt

River near the Gilbert Road crossing; therefore, only those cross-sectional changes near the

Gilbert Road crossing are presented graphically. Each figure has the initial cross-sectional

profile based on the 2001 survey, the simulated cross-sectional profile at the of the flood series,

the simulated maximum scour profile together with the post flood 100-yr water surface. The

predicted long-term changes at these river stations are greater in magnitude than those that

occurred during the 2005 flood.

4
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FLUVIAL-12 SIMULATION OF SALT RIVER

NEAR GILBERT ROAD CROSSING

1. INTRODUCTION

Sand and gravel has been extracted from the Salt River in Maricopa County for decades.

The mining activities have disturbed the natural equilibrium of the river channel to induce river

channel changes. Figure 1 is an aerial photograph of the Salt River near the Gilbert Road

Bridge. Because of sand and gravel mining, the river channel near the bridge crossing has

undergone major channel bed scour. Changes in river channel geometry in recent years have

been recorded by topographic surveys. The Maricopa County Flood Control District has the

channel geometry data from a 2001 topographic survey. The channel geometry is defined at

channel cross sections shown in Figure 2.

Since 2001, major river channel scour has occurred, primarily caused by the 2005 flood.

Figure 3 is an aerial photograph showing the post-flood river channel near the Gilbert Road

crossing. Figure 4 is a 2009 picture of the river channel and the bridge.

The channel geometry at those cross sections near the bridge crossing was surveyed in

2007. The geometric data and the flood hydrology provide the data basis that is useful for testing

and calibration of computer models for river sedimentation. The purpose of this study was to

test and calibrate the FLUVIAL-12 computer model using the Salt River data. Because of the

existing and future sand and gravel mining, it is essential to develop methods to determine

impacts of such activities and to develop measures for channel stabilization. A calibrated model

is useful for predicting future stream channel changes, both short-term and long-term. It is also

useful for developing counter-measures for channel stabilization and for the design of future

bridges and other hydraulic structures.

This scope of the study has the following tasks: (1) to simulate the river channel changes

caused by floods occurred after 200 I, (2) to compare the simulated results with the channel

geometry surveyed in 2007, and (3) to predict long-term river channel changes in the future.
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Figure 1. Aerial photograph of the Salt River near the Gilbert Road crossing
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Figure 2. Cross section lines for the Salt River
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Figure 3. Aerial view of the Salt River near Gilbert Road crossing after the 2005 flood

Figure 4. View of the Salt River at Gilbert Road crossing after the 2005 flood

8
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II. COMPILATIO OF RIVER DATA

The data used for the Salt River study are taken from previous studies covering the

hydrology, hydraulics and geomorphology of the stream channel. The most important data set

for the study is the cross-sectional data of the stream channel including the mining pits. Such

cross-sectional data are the data basis for hydraulic computations and river channel modeling.

Specifically, the following data were compiled and used for the study:

Channel Geometry Data - The channel geometry data are based on the 2001 topographic

survey used in a 2008 hydraulic study by JE Fuller (2008). Figure 2 is taken from the HEC-RAS

study by JE Fuller. For this study, the cross sections from river station 2.04 to 13.64 are used.

The cross sections downstream from river station 2.04 are not used because they are located

downstream of a grade control structure at river station 2.33; they do not affect the hydraulic of

flow and sediment transport along the river channel upstream of the grade control structure.

Important locations along the river channel and their respective river stations are listed in Table

1. A grade control structure as shown in Figure 5 is located at river station 2.33. The bridge

crossing at Gilbert Road is located between river stations 7.44 and 7.47. The data set covers the

main channel of the Salt River and the Gilbert mining pit located downstream of Gilbert Road

and north of the main channel. Another survey of the channel geometry was made by the County

in 2007. The County survey provides the post-flood channel geometry at river stations: 7.28,

7.32, 7.44, 7.47, 7.55, and 7.62. These channel stations are on both sides of the bridge crossing.

Table 1. River stations for important locations along the Salt River

Location River station 100-yr flood in river miles

Without pit capture With pit capture

Downstream limit of study 2.04 2.04

Grade control structure 2.33 2.33

Downstream side of Gilbert Rd. 7.44 8.00

Upstream side of Gilbert Rd. 7.47 8.03

Upstream limit of study 13.64 14.20
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Figure 5. Grade control structure at river mile 2.33

Data on Flood Hydrology - The established flood discharges of the Salt River at two

locations for different return periods are listed in the following table.

Peak flows for the Salt River

Return periods Flood discharges in cfs

River mile 13.64 River mile 7.55

5 year 22,000 21,000

10 year 60,000 58,000

20 year 100,000 95,000

50-year 150,000 145,000

100-year 175,000 172,000

200-year 210,000 207,000

500-year 250,000 246,000

10



Salt River Hydrograph at Priest (USGS)

The hydrograph for a long-term flood series is shown in Figure 8. The series covers the

time period from 1891 to 1993. This flow data was used to simulate potential river channel

changes in the long-term future.

The data for the 2005 flood was used in the current study. Figure 6 shows the

hydrograph for the 2005 compiled from the USGS gaging records at Priest. The flood has the

peak discharge exceeding 40,000 cfs and a long duration over three months; it was the most

important event for the period from 2001 to 2007. Other events for the same period are much

smaller in discharge and shorter in duration, as shown in Figure 7.
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Figure 8. Hydrograph for a long-term flood series

Figure 7. Flow records for the period from 2002 to 2008
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Salt River - Grain Size Distributions
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Data on Sediment Gradation - The Salt River study by WEST Consultants (2002) has a

large number of gradation curves. Sample gradation curves are shown in the figure. For

gradation curves used in the study, five size fractions were used for each curve. The geometric

mean of each size fraction is adopted as the size for the fraction.

III. PIT CAPTURE

Pit capture is a geological term. It refers to a stream that is diverted from its normal

course into a pit at a lower elevation. During the 2005 flood, flood water in the main channel

was diverted into the Gilbert mining pit north of the channel as shown in Figure 10. As a result

of pit capture, the flow made a 90-degree tum toward the north into the deep Gilbert mining pit.

The diverted water traveled through the Gilbert pit and reentered the main channel at a

downstream location. The time of occurrence for pit capture is not available. However, the

HEC-RAS study by West Consultants (2002) shows that flow in the main channel starts to split

into the Gilbert mining pit at about 20,000 cfs, which is close to the 5-yr flood. The water level
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in the Gilbert pit was much lower than the river stage. The split flow dropped down into the

Gilbert pit at a much lower elevation with a very steep gradient; it should have caused rapid

scour and enlargement of the flow path. It can be seen from the aerial photograph that the entire

river flow was diverted into the pit as a result of pit capture. In this study, it is assumed that the

flow diversion occurred after the flood discharge reached above 20,000 cfs. It is also assumed

that the subsequent flood flow was diverted into the Gilbert pit in its entirety. During the 2005

flood, the discharge reached above 20,000 cfs in the early days of the flood event. For this

reason, most of the flood flow in 2005 entered the Gilbert mining pit.

___~~~~""""""X.a./~. , _~
Figure 10. Aerial photograph of the Salt River during the 2005 flood

showing pit capture of the river flow by the Gilbert mining pit

IV. SEDIMENT TRANSPORT MODELING USING FLUVIAL-12

Sediment transport and river channel changes for the Salt River during the 2005 flood

were simulated using the FLUVIAL-12 computer model. For a given flood hydrograph, the

model simulates spatial and temporal variations in water-surface elevation, sediment transport

and stream channel changes. Scour and fill of the stream bed are coupled with width variation in

the prediction of stream channel changes. Computations are based on finite difference

approximations to energy and mass conservation that are representative of open channel flow.

Sediment transport for the Salt River was computed in the model using the Meyer-Peter--Muller

formula (Meyer-Peter and Muller, 1948, also see Chang, 1988) for sediment.

14
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The left-hand side of the equation (Term I) is the bed load discharge in its dimensionless form;

the first term on the right-hand side (Term II) is the effective shear stress; the second term (Term

III) on the right-hand side is the critical shear. In this basically empirical equation, the bed-load

discharge qb is in weight per unit time and unit channel width. Being dimensionally

homogeneous, it may be used under any consistent set of units. It is applicable to graded

sediments, for which the effective diameter dm of the sediment mixture is defined as

Meyer-Peter--Muller Formula - A sediment transport formula is employed in the

FLUVIAL-12 model. For the Salt River with a gravel bed, the Meyer-Peter--Muller formula

(MPM formula) was used. The two most widely used sediment formulas for gravel are the MPM

formula and the Parker-Coleman formula (1986). The MPM formula has been in use for a long

period of time and it is generally considered as the most accurate formula for gravel transport.

Most professionals in the U. S and Europe apply the MPM formula in their studies.

The model simulates the inter-related changes in channel-bed profile and channel width,

based upon a stream's tendency to seek uniformities in sediment discharge and power

expenditure. At each time step, scour and fill of the channel bed are computed based on the

spatial variation in sediment discharge along the channel. Channel-bed corrections for scour and

fill will reduce the non-uniformity in sediment discharge. Width changes are also made at each

time step, resulting in a movement toward uniformity in power expenditure along the channel.

Because the energy gradient is a measure of the power expenditure, uniformity in power

expenditure also means a uniform energy gradient or linear water surface profile. A stream

channel may not have a uniform power expenditure or linear water-surface profile, but it is

constantly adjusting itself toward that direction.

(1)

1-----1
III

1-------------------------------------------------1 1---------------1
I II

qb (/s - J1 2/3 113 0.25 (kIk,//21' RS[--------------1 (7/g) -------------- = ----------------- - 0.047
"Is (1s -1) dm (1s -1) dm

The dimensionless Meyer-Peter--Muller formula and the physical meanings for its

respective terms normalized by (1s -1) dm are given by
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where i is the size fraction index, di is the mean size of a fraction of the bed material, and Pi is its

fraction by weight. The quantities k and k', which are reciprocals of Manning's roughness

coefficient, are given by

U = k R213 S 1/2

U = k' R213 S,I12

where U is the cross-sectionally averaged velocity, R is the hydraulic radius, S is the total energy

gradient, and S' is the energy gradient caused by grain roughness. The value of k' can be

obtained from Strickler's formula for grain roughness, that is,

26
f( = ------

D 1/6
90

where D90 is the grain size of the bed material for which 90% is finer, in meters. Note that this

formula is valid only if D90 is in meters and time is in seconds.

Term I in Eq. 1 represents the bed-load discharge per unit channel width measured in

submerged weight and normalized by (rs - r)dm ; it is related to the shear stress caused by grain

roughness (term II) subtracted by the critical shear stress (term III). The grain shear stress is

considered directly responsible in moving the particles. The form roughness also affects the

shear stress because of its influence on the depth. The ratio klk' is used to provide the grain shear

stress as a portion of the total (grain plus form) shear stress. The value of kif( varies between 0.5

and 1; it is 0.5 for strong bedforms and 1 in the absence of bedforms. Bedforms such as dunes

and ripples are usually characteristic to the sand bed and are usually poorly developed in coarse

sediments for which the total roughness is essentially caused by grain roughness. Term III as the

dimensionless critical shear is similar to the critical Shields stress.
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The experiments in developing the formula were made in laboratory flumes with widths

ranging between 15 cm and 2 m, water depth between 1 and 120 cm, effective diameter of

sediments between 0.4 and 30 mm, and specific gravity for sediments from 1.25 to over 4. This

formula is therefore more applicable to coarse sediments with little suspended load. It has

enjoyed considerable popularity in Europe.
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V. MODELED RESULTS ON RIVER CHA EL CHANGES DURING THE 2005 FLOOD

The river channel geometry for the entire study river reach was surveyed in 2001 and

digitized in the HEC-RAS data file. Another survey was made in 2007 covering the channel

geometry at those stations near the Gilbert Road crossing. River channel changes were

simulated using the FLUVIAL-12 model for the 2005 flood. The simulated river channel

changes would then be compared with the measured changes.

Simulation of the Salt River changes during the 2005 flood was made for the two

following scenarios: (1) river channel without pit capture, and (2) river channel with pit capture.

For the first case, the river stations follow the original studies by WEST and JE Fuller. For the

second case, the river flow passes through the Gilbert mining pit with a longer channel length,

the river stations for those cross sections upstream of the Gilbert pit are increased by 0.56 river

mile. River stations at a few locations including the Gilbert Road crossing are listed in Table 1

for both cases.

Simulated results are presented below. Figure 11 shows the simulated water-surface and

channel bed profile changes during the 2005 flood for the case of no pit capture. In the figure,

the drop structure at river mile 2.33 is the downstream grade control for the channel bed. The

Gilbert Road crossing is located between river miles 7.44 and 7.47. The uneven channel bed

profile reflects the presence of several existing mining pits. The Gilbert Road crossing is located

along a river reach between two major mining pits. The figure shows that the 2005 flood would

only cause minor channel bed scour near the Gilbert Road crossing. The channel bed scour as

simulated is much less than the measured change in bed level. The 2005 flood had a long

duration. However, its peak discharge has a return period less than 10 years. Since the actual

channel bed scour was much greater than the simulated changes for this case, there must be other

reasons not yet accounted for.

18
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Simulated changes at those channel stations near the bridge crossing are shown in Figure

13. The figure at each river station has the following cross-sectional profiles:

Bed before flood: Cross-sectional profile from the 2001 survey

Bed after flood: Simulated cross-sectional profile at the end of the 2005 flood

Bed measured after flood: Cross-sectional profile from the 2007 survey.

For the case scenario of pit capture, it is assumed that pit capture occurred when the flood

discharge exceeded 20,000 cfs in the very early stage of the flood event. Simulated water

surface and channel bed profile changes for this case are shown in Figure 12. The short channel

reach near the Gilbert Road crossing is between two major mining pits. This channel reach is

simulated to undergo maj or channel bed degradation of about 10 feet.
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Longitudinal Profiles During 2005 Flood -With Pit Capture
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Figure 12. Simulated water surface and channel bed profile changes. The upper figure shows the
entire study river reach. The lower figure shows a short reach near Gilbert Road.
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Figure 13. Cross-sectional profiles

Changes During Flood at Channel Station 7.28
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Figure 13 (continued). Cross-sectional profiles
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The FLUVIAL-12 model has been used to simulate general scour of the channel reach

near the Gilbert Road crossing. The simulated results for river stations near the Gilbert Road

crossing are shown in Figure 13 together with the measured post-flood cross-sectional profiles.

Now the cross-sectional profiles as simulated are compared with the measured profiles. Changes

along this channel reach are characterized by channel bed scour along the main channel.

Simulated cross-sectional area changes due to scour are compared with the measured changes as

summarized in Table 2.

Table 2. Comparison of simulated and measured cross-sectional area changes

River Station Cross-Sectional Area Change due to Scour, Square feet

River miles Measured by Survey Simulated by Model

7.28 2,990 3,070

7.32 3,480 3,710

7.36 1,620 1,910

7.40 2,000 1,730

7.44 3,970 3,800

7.47 3,350 3,350

7.55 2,890 2,910

7.62 2,450 2,345

The total amount of channel bed scour as simulated is similar to the measured amount.

The total depth of channel bed degradation is also similar. However, the simulated and

measured cross-sectional profiles have significant differences. The simulated channel bed scour

is along the thalweg. At channel stations 7.28, 7.44, 7.55 and 7.62, the measured channel bed

scour also occur along the thalweg. But at channel stations 7.32, 7.36 and 7.40, the simulated

channel bed scour occur at different locations from the measured scour. While the simulated

and measured scours are similar in pattern, they have somewhat different locations. The

simulated channel bed scour is near the thalweg; the measured scour may be away from the

thalweg. The causes for such discrepancy may be due to lateral migration of the thalweg, which

is not considered in the model simulation; or it may be due to survey inaccuracy. In fact, the
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overbank areas for the cross sections from the 2001 survey do no always match the

corresponding ones from the 2007 survey. The overbank areas were not affected by river

channel scour; there should be no big differences in geometry. However, such differences do

exist at several river stations.

The simulated cross-sectional profiles may have an uneven channel bed, while those from

the 2007 topographic survey are quite smooth. The 2007 topography was developed from

contours. In the process, local variations in bed elevation may be ignored and wide area may

thus be shown as flat bed.

VI. MODELED RESULTS ON LONG-TERM RIVER CHANNEL CHANGES

Since the Salt River has been disturbed by sand and gravel mining, it is expected to

undergo changes in the future. For this reason, the potential long-term river channel changes

have been simulated using the flood series shown in Figure 8. The flood series has the time

span of about lOa years. For long-term changes, the following two scenarios are assumed:

(1) The berm separating the Gilbert mining pit from the main channel of the Salt River will

be restored and pit capture in the future will be prevented.

(2) The berm separating the Gilbert mining pit from the main channel of the Salt River will

not be restored and pit capture will continue in the future.

Simulated results on sediment delivery and river channel changes are presented below.

Sediment Delivery - Sediment delivery is defined as the cumulative amount of sediment

that has been delivered passing a certain channel section for a specified period of time, that is,

(2)

Where Y is sediment delivery (yield); Qs is sediment discharge; t is time; and T is the duration.

The sediment discharge Qs pertains only to bed-material load of sand, gravel and cobble. Fine

sediment of clay and silt constituting the wash load may not be computed by a sediment transport

26



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

formula. Sediment delivery is widely employed by hydrologists for watershed management; it is

used herein to keep track of sediment supply and removal along the channel reach.

Spatial variations in sediment delivery are manifested as channel storage or depletion of

sediment associated stream channel changes since the sediment supply from upstream may be

different from the removal. The spatial variation of sediment delivery depicts the erosion and

deposition along a stream reach. A decreasing delivery in the downstream direction, i.e.

downward gradient for the delivery-distance curve, signifies that sediment load is partially stored

in the channel to result in a net deposition. On the other hand, an increasing delivery in the

downstream direction (upward gradient for the delivery-distance curve) indicates sediment

removal from the channel boundary or net scour. A uniform sediment delivery along the channel

(horizontal curve) indicates that sediment inflow and outflow are in balance, i.e., no net erosion

or deposition along the reach. Channel reaches with net sediment storage or depletion may thus

be designated on the basis of the gradient. From the engineering viewpoint, it is best to achieve a

uniform delivery, the non-silt and non-scour condition, for dynamic equilibrium.

The simulated spatial variation in sediment delivery along the study river reach is shown

in Figure 14. The total amount of sediment delivered during the flood series varies considerably

along the river channel. For the case of no pit capture, the upstream river reach from river mile

11.6 to river mile 11.2, the delivery shows an increase toward downstream of about 1.75 million

tons. This amount represents the sediment eroded from the reach during the long-term time span.

This reach is subject to long-term erosion because sediment supply to the reach from upstream is

cut off by the diversion dam.
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For other downstream river reaches, a drop in sediment delivery in the downstream

direction is related to the presence of mining pits, which detain sediment to cause a decrease of

delivery. The river reach from near Gilbert Road is between two mining sites. This river reach is

subject to long term erosion. For the case of no pit capture, the sediment supply to the reach is

the delivery at river mile 8.2 of 0.45 million tons; the sediment removal from the reach is the

delivery at river mile 6.4 of3.25 million tons. The difference of2.8 million tons (3.25 million

tons minus 0.45 million tons) is the sediment eroded from the reach of 1.8 miles in the long-term

time span. For the case of pit capture, the sediment supply to the reach is the delivery at river

mile 8.8 of 1.55 million tons; the sediment removal from the reach is the delivery at river mile

7.6 of 4.0 million tons. The difference of2.45 million tons is the sediment eroded from the reach

of 1.2 miles in the long-term time span. The erosion rate for the case of no pit capture is 1.56

million tons per mil~ for the case of no pit capture; it is 2.04 million tons per mile for the case of

pit capture. In other words, pit capture will increase the erosion at the Gilbert Road crossing.

Simulated Changes in Longitudinal Profiles - Simulated longitudinal profiles along the

river channel during the flood series are shown in Figure 15. The profiles consists of the post

.flood 100-yr water surface profile, the initial channel bed profile from the 2001 survey, the

simulated channel bed profile at the end of flood series, and the channel bed profile for the

maximum extent of channel bed scour. It is easy to see that pit capture will increase river

channel scour in the long run.
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Figure 15. Water-surface and channel bed profile changes during the flood series
Upper figure: Without pit capture Lower figure: With pit capture
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It can be seen from Figure 15 that the study river reach is predicted to undergo major

changes in channel bed profile in the long term even in the absence of pit capture. The changes

are characterized by refill of the mining pits and erosion of their adjacent river reaches. The river

reach from river mile 8 down to river mile 6.5 is simulated to undergo changes in both channel

bed scour and refill (or degradation and aggradation). The channel bed profile at the end of flood

series is lower than the initial channel bed profile; therefore, there would be channel bed scour.

However, the channel bed profile at the end of flood series is higher than the maximum channel

bed scour profile. The difference between these two profiles indicate refill that would occur

during the later part of the flood series. This river reach is between two large mining pits. The

downstream mining pit induces head cutting on this reach and the upstream pit causes tail-cutting

on the reach. This process continues as the adjacent mining pits undergo refill. After the refill,

these adjacent mining pits no longer cause head-cutting and tail-cutting. By that time, this river

reach is expected to undergo refill as sediment supply resumes to this reach.

Changes in Cross-Sectional Profiles - In order to see the complete picture of channel

changes, one also needs to view the changes in channel cross sections in addition to the

longitudinal profiles. The computer output files for the study have the complete information for

the longitudinal profile changes and cross-sectional changes. This study has its focus on the Salt

River near the Gilbert Road crossing; therefore, only those cross-sectional changes near the

Gilbert Road crossing are presented graphically below.

Figure 16 shows the cross-sectional changes during the flood series for those channel

stations near the Gilbert Road crossing. Each figure has the initial cross-sectional profile based

on the 2001 survey, the simulated cross-sectional profile at the of the flood series, the simulated

maximum scour profile together with the post flood 1OO-yr water surface. The predicted long

term changes at these river stations are greater in magnitude than those occurred during the 2005

flood. When the simulated results for the case of no pit capture are compared with those for the

case of pit capture, it is easy to see that more scour develops under the case of pit capture.
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Figure 16. Sample cross-sectional profile changes during the flood series
Upper figure: Without pit capture Lower figure: With pit capture
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Upper figure: Without pit capture Lower figure: With pit capture
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Figure 16 (continued). Sample cross-sectional profile changes during the flood series
Upper figure: Without pit capture Lower figure: With pit capture
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Upper figure: Without pit capture Lower figure: With pit capture
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Figure 16 (continued). Sample cross-sectional profile changes during the flood series
Upper figure: Without pit capture Lower figure: With pit capture
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Figure 16 (continued). Sample cross-sectional profile changes during the flood series
Upper figure: Without pit capture Lower figure: With pit capture
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VII. SUMMARY AND CONCLUSIONS

The Salt River near Gilbert Road in Maricopa County, Arizona underwent major changes

in channel geometry during the 2005 flood. Such changes in channel geometry are related to pit

capture, which occurred as flood water overtopped the berm separating the main channel from

the deep Gilbert mining pit. The channel geometry data before and after the flood event are

available together with the flood hydrograph.

Sediment transport and river channel changes for the Salt River has been simulated using

the FLUVIAL-12 computer model. This scope of modeling covers the following tasks: (1)

simulation of river channel changes caused by the 2005 flood, (2) comparison of simulated

results with the surveyed channel geometry, and (3) prediction of long-term river channel

changes in the future. The data used for the Salt River study are taken from previous studies

covering the hydrology, hydraulics and geomorphology of the stream channel.

River Channel Changes during the 2005 Flood - The 2005 flood has the peak

discharge exceeding 40,000 cfs and a long duration over three months; it was the most important

event for the period from 2001 to 2007. Other events for the same period are much smaller in

discharge and shorter in duration.

River channel changes during the 2005 flood with pit capture were simulated for the 2005

flood. The simulated river channel changes were compared with the measured changes. The

short channel reach near the Gilbert Road crossing is between two major mining pits. This

channel reach is simulated to undergo major channel bed degradation of about 10 feet.

The simulated results for river stations near the Gilbert Road crossing are presented

together with the measured post-flood cross-sectional profiles. The cross-sectional profiles as

simulated are compared with the measured profiles. Changes along this channel reach are

characterized by channel bed scour along the main channel. The total amount of channel bed

scour as simulated is similar to the measured amount. The total depth of channel bed degradation

is also similar. However, the simulated and measured cross-sectional profiles have significant

differences. While the simulated and measured scours are similar in pattern, they have
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somewhat different locations. The simulated channel bed scour is near the thalweg; the

measured scour may be away from the thalweg. The causes for such discrepancy may be due to

lateral migration of the thalweg, which is not considered in the model simulation; or it may be

due to survey inaccuracy. In fact, the overbank areas for the cross sections from the 2001 survey

do no always match the corresponding ones from the 2007 survey. The overbank areas were not

affected by river channel scour; there should be no big differences in geometry. However, such

differences do exist at several river stations.

The simulated cross-sectional profiles may have an uneven channel bed, while those from

the 2007 topographic survey are quite smooth. One possible reason why there are differences is

that the 2007 topography was developed from contours. In the process, local variations in bed

elevation may be ignored and wide flat area may thus be shown as flat bed.

Long-Term River Channel Changes - The Gilbert mining pit is separated from the

main channel of the Salt River by a berm. There also exist instream mining pits located both

upstream and downstream of the Gilbert Road crossing. The long-term river channel changes for

this reach of the Salt River have been simulated for the two following cases: (1) without pit

capture (by the Gilbert mining pit) and (2) with pit capture. The hydrograph for a long-term

flood series was used. For the case of no pit capture, the study river reach is predicted to

undergo major changes. The changes are characterized by refill of the mining pits and erosion of

their adjacent river reaches. The river reach near the Gilbert Road crossing is simulated to

undergo changes in both channel bed scour and refill (or degradation and aggradation). The

channel bed profile at the end of flood series is lower than the initial channel bed profile.

However, the channel bed profile at the end of flood series is higher than the maximum channel

bed scour profile. The difference between these two profiles indicate refill would occur during

the later part of the flood series.

The downstream mining pit induces head cutting on this reach and the upstream pit

causes tail-cutting on the reach. This process continues as the adjacent mining pits undergo

refill. After the refill, these adjacent mining pits no longer cause head-cutting and tail-cutting.

By that time, this river reach is expected to undergo refill as sediment supply resumes to this
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reach. Long-term changes with pit capture (by off-stream the Gilbert mining pit) have also been

simulated. Pit capture will increase potential river channel scour. However, it should be noted

that the long-term simulations only simulate the existing geometries ofthe sand and gravel pits

and that any future or continued excavation is not simulated.

In summary, the computer output files for the study have the complete information for

the longitudinal profile changes and cross-sectional changes. This study has its focus on the Salt

River near the Gilbert Road crossing; therefore, only those cross-sectional changes near the

Gilbert Road crossing are presented graphically. Each figure has the initial cross-sectional

profile based on the 2001 survey, the simulated cross-sectional profile at the of the flood series,

the simulated maximum scour profile together with the post flood 1OO-yr water surface. The

predicted long-term changes at these river stations are greater in magnitude than those that

occurred during the 2005 flood.
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I. INPUT DESCRIPTION

APPENDIX A. INPUT/OUTPUT DESCRIPTIONS FOR FLUVIAL-12

Variable locations for each input record are shown by the field number. Each record has
an input format of (A2, F6.0, 9F8.0). Field 0 occupying columns I and 2 is reserved for the
required record identification characters. Field I occupies columns 3 to 8; Fields 2 to IO occupy
8 columns each. The data records are tabulated and described in the following.

Title Records
General Use Record
General Use Records for Hydrographs
General Use Record
General Use Record for Selected Cross-Sectional Output
General Use Record
General Use Record for Selecting Times for Summary Output
General Use Record for Specifying Erosion Resistant Bed Layer
General Use Records for Initial Sediment Compositions
General Use Records for Time Variation of Base-Level
General Use Records for Stage-Discharge Relation of Downstream Section
General Use Records for Time Variation of Sediment Inflow
Cross-Sectional Record
Record for Specifying Special Features of a Cross Section
Record for Ground Profile of a Cross Section
Record for Special Bridge Routine
Record for Bridge Deck Definition
End of Job Record

Description of Record TypeRecords

The basic data requirements for a modeling study include (1) topographic maps of the
river reach from the downstream end to the upstream end of study, (2) digitized data for cross
sections in the HEC-2 format with cross-sectional locations shown on the accompanying
topographic maps, (3) flow records or flood hydrographs and their variations along the study
stream reach, it any, and (4) size distributions of sediment samples along the study reach.
Additional data are required for special features of a study river reach.

TI,T2,T3
GI
G2
G3
G4
G5
G6
G7
GS
GB
GQ
GI
Xl
XF
GR
SB
BT
EJ

The HEC-2 format for input data is used in all versions of the FLUVIAL model. Data
records for HEC-2 pertaining to cross-sectional geometry (Xl and GR), job title (TI, T2, and
T3), and end ofjob (EJ), are used in the FLUVIAL model. If a HEC-2 data file is available, it is
not necessary to delete the unused records except that the information they contain are not used
in the computation. For the purpose of water- and sediment-routing, additional data pertaining to
sediment characteristics, flood hydrograph, etc., are required and supplied by other data records.
Sequential arrangement of data records are given in the following.

1
I'
1
1
I
1
I
I
I
I
I
I
I
1
I
I
1
I
1



TI, T2, T3 Records - These three records are title records that are required for each job.

GI Record - This record is required for each job, used to enter the general parameters listed
below. This record is placed right after the T1, T2, and T3 records.

Field Variable Value Description

0 IA G1 Record identification characters

1 TYME + Starting time of computation on the hydrograph, in hours

2 ETIME + Ending time of computation on the hydrograph, in hours

3 DTMAX + Maximum time increment tlt allowed, in seconds

4 ISED 1 Select Grafs sediment transport equation.
2 Select Yang's unit stream power equation.

The sediment size is between 0.063 and 10 mm.
,..,

Select Engelund-Hansen sediment equation..)

4 Select Parker gravel equation.
5 Select Ackers-White sediment equation.
6 Select Meyer-Peter Muller equation for bed load.

5 BEF + Bank erodibility factor for the study reach. This value is used
for each section unless otherwise specified in Field 9 of the XF
and 1 may be used.

6 IUC 0 English units are used in input and output.
1 Metric units are used in input and output.

7 CNN + Manning's n value for the study reach. This value is used for a sec-
tion unless otherwise specified in Field 4 of the XF record. If bed
roughness is computed based upon alluvial bedforms as specified
in Field 5 of the G3 record, only an approximate n value needs to
be entered here.

8 PTM1 + First time point in hours on the hydrograph at which summary out-
put and complete cross-sectional output are requested. It is usually

44

Field Variable Value

Record identification characters

Description

Numbers and alphameric characters for title

T1IA

None

o

1-10

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



G2 Records - These records are required for each job, used to define the flow hydrograph(s) in
the channel reach. The first one (or two) G2 records are used to define the spatial variation in
water discharge along the reach; the succeeding ones are employed to define the time variation(s)
ofthe discharge. Up to 10 hydrographs, with a maximum of 120 points for each, are currently
dimensioned. See section II for tributaries. These records are placed after the G 1 record.

Field Variable Value

2 NPI

4 NP2

Frequency of printing summary output, in number of time steps.

Second time point on the hydrograph in hours at which summary
usually the time just before the end of the simulation. This field
may be left blank if no output is needed.

umber of last section using the second hydrograph if any.
Otherwise leave it blank.

Description

Number of points used to define the fourth hydrograph if any.
Otherwise leave it blank.

umber of last section using the fifth hydrograph if any.
Otherwise leave it blank.

Number of points used to define the third hydrograph if any.
Otherwise leave it blank.

Record identification characters

umber of last section using the fourth hydrograph if any.
Otherwise leave it blank.

Number of last cross section using the first (downstream most)
hydrograph. The number of section is counted from downstream
to upstream with the downstream section number being one. See
also section II.

45

umber of last section using the third hydrograph if any.
Otherwise leave it blank.

the peak time, but it may be left blank if no output is requested.

Number of points used to define the second hydrograph if any.
Otherwise leave it blank.

Number of points connected by straight segments used to define

+

+

+

+

+

+

+

+

+

+

+

G2

KPF

PTM2

7 IHP4

1 IHPI

5 IHP3

8 NP4

9 IHP5

3 IHP2

9

6 NP3

10

First G2
o IA

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



46

Continue with additional discharge and time coordinates. Note that time coordinates must be in
increasing order.

Second G2: Note that this record is used only if more than 5 hydrographs are used for the job. It
is necessary to place a negative sign in front ofNP5 located in the 10th field of the first G2
record as a means to specify that more than 5 hydrographs are used.

0 IA G2 Record identification characters

1 IHP6 + Number of last cross section using the sixth hydrograph if any.
Otherwise leave it blank.

2 NP6 + Number of points connected by straight segments used to define

...,
IHP7 + Number of last section using the seventh hydrograph if any.j

Otherwise leave it blank.

4 NP7 + Number of points used to define the seventh hydrograph

5 IHP8 + Number of last section using the eighth hydrograph if any.
Otherwise leave it blank.

6 NP8 + Number of points used to define the eighth hydrograph

7 IHP9 + Number of last section using the ninth hydrograph if any.
Otherwise leave it blank.

8 P9 + umber of points used to define the ninth hydrograph

9 IHPI0 + Number of last section using the tenth hydrograph if any.
Otherwise leave it blank.

2 TMll,TM21 +
TM31

umber of points used to define the tenth hydrograph

Number of points used to define the fifth hydrograph if any.
Otherwise leave it blank.

Discharge coordinate of point 1 for each hydrograph,
in ft3/sec or m3/sec

Discharge coordinate of point 2 for each hydrograph, in cfs or ems

Time coordinate of point 1 for each hydrograph, in hours

Time coordinate of point 2 for each hydrograph, in hours

+

+PI0

NP5

3 Q12, Q22 +
Q32

4 TMI2,TM22 +
TM32

10

10

Succeeding G2 Record(s)
1 QU, Q21 +

Q31

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I
I G3 Record - This record is used to define required and optional river channel features for ajob

as listed below. This record is placed after the G2 records.

I Field Variable Value Description

0 IA G3 Record identification characters

I 1 S11 + Slope of the downstream section, required for ajob

I 2 BSP 0 One-on-one slope for rigid bank or bank protection
+ Slope of bank protection in BSP horizontal units on 1 vertical unit.

I
for all cross sections unless otherwise specified in Field 8 of the
XF record for a section.

,..,
DSOP 0 Downstream slope is allowed to vary during simulation.

I
j

1 Downstream slope is fixed at S11 given in Field 1.

I
4 TEMP 0 Water temperature is 15°C.

+ Water temperature in degrees Celsius

I
5 ICNN 0 Manning's n defined in Field 7 of the G1 record or those in Field 4

of the XF records are used.
1 Brownlie's formula for alluvial bed roughness is used to calculate

I Manning's n in the simulation.

6 TDZAMA 0 Thickness of erodible bed layer is 100 ft (30.5 m).

I + Thickness of erodible bed layer in ft or m. This value is applied to

7 SPGV 0 Specific gravity of sediment is 2.65.

I + Specific gravity of sediment

8 KGS 0 The number of size fractions for bed material is 5.

I + The number of size fractions for bed material. It maximum value
is 8.

I 9 PHI 0 The angle of repose for bed material is 36°.
+ Angle of repose for bed material

I G4 Record - This is an optional record used to select cross sections (up to 4) to be included at
each summary output. Each cross section is identified by its number which is counted from the
downstream section. This record also contains other options; it is placed after the G3 record.

I Field Variable Value Description

I 0 IA G4 Record identification characters

I 47



GS Record - This is an optional record used to specify miscellaneous options, including
unsteady-flow routing for the job based upon the dynamic wave, bend flow characteristics. If the
unsteady flow option is not used, the water-surface profile for each time step is computed using
the standard-step method. When the unsteady flow option is used, the downstream water-surface
elevation must be specified using the GB records.

1 IPLT1 + Number of cross section

2 IPLT2 + Number of cross section

3 IPLT3 + Number of cross section

4 IPLT4 + Number of cross section

5 IEXCAV + A positive integer indicates number of cross section where
sand/gravel excavation occurs.

6 GIFAC + A non-zero constant is used to modify sediment inflow at the
upstream section.

7 PZMIN 0 Minimum bed profile during simulation run is not requested.
1 Output file entitled TZMIN for minimum bed profile is requested.

10 REXCAV + A non-zero value specifies rate of sand/gravel excavation at
Section IEXCAV.

Field Variable Value

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

o

1

2

3

5

IA

DT

IROUT

PQSS

TSED

G5

o
+

o

1

o
3

o
+

Description

Record identification characters

The first time step is 100 seconds.
Size of the first time step in seconds.

Unsteady water routing is not used; water-surface profiles are com
puted using standard-step method.
Unsteady water-routing based upon the dynamic wave is used to
compute stages and water discharges at all cross sections for each

No output of gradation of sediment load
Gradation of sediment load is included in output in 1,000 ppm by
weight.

Rate of tributary sediment inflow is 1 times the discharge ratio.
Rate of tributary sediment inflow is TSED times the discharge
ratio.
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Continue with additional time points.

G7 Record - This is an optional record used to specify erosion resistant bed layer, such as a
caliche layer, that has a lower rate of erosion.

G6 Record - This is an optional record used to select time points for summary output. Up to 30
time points may be specified. The printing frequency (KPF) in Field 10 of the G 1 Record may
be suppressed by using a large number such as 9999.

Field Variable Value

49

Erosion rate, in feet per hour

Description

First time point, in hours

Record identification characters

umber of time points used to define the known erosion rate in
relation to flow velocity

Description

Record identification characters

Second time point, in hours

Record identification characters

Record identification characters

Thickness of erosion resistant layer, in feet

No GR points are inserted for cross sections.
Maximum value of spacing between adjacent points at a cross

Number of time points

No output of transverse distribution of depth-averaged velocity
Transverse distribution of depth-averaged velocity is printed. The
velocity distribution is for bends with fully developed transverse
flow.

o
1

+

+

+

+

+

o
+

G6

G7

PTV

KG7

NKPS

THICK

SPTM(l)

DYMAX

SPTM(2)

ERATE(I) +1

2

6

1

2

10

First G6 Record
o IA

Succeeding G6 Record(s)
o IA G6

First G7 Record
o IA

Succeeding G7 Record(s)
o IA G7

Field Variable Value

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Continue with other DFF's and PC's.
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Continue with additional time points.

GB Records - These optional records are used to define time variation of stage (water-surface
elevation) at a cross section. The first set of GB records is placed before all cross section records
(Xl); it specifies the downstream stage. When the GB option is used, it supersedes other
methods for determining the downstream stage. Other sets of GB records may be placed in other
parts of the data set; each specifies the time variation of stage for the cross section immediately
following the GB records.

Description

Velocity, in feet per second

Description

Record identification characters

Geometric mean diameter of the smallest size fraction in mm

Fraction of bed material in this size range

Record identification characters

Record identification characters

Base level of point 1, in ft or m

Base level of point 2, in ft or m

Number of points used to define base-level changes

Time coordinate of point 1, in hours

+

+

+

GS

PC

IA

DFF

G7V(2)2

1

2

o

GS Record - At least two GS records are required for each job, used to specify initial bed
material compositions in the channel at the downstream and upstream cross sections. The first
GS record is for the downstream section; it should be placed before the first Xl record and after
the G4 record, if any. The second GS record is for the upstream section; it should be placed after
all cross-sectional data and just before the EJ record. Additional GS records may be inserted
between two cross sections within the stream reach, with the total number of GS records not to
exceed 15. Each GS record specifies the sediment composition at the cross section located
before the record. From upstream to downstream, exponential decay in sediment size is assumed
for the initial distribution. Sediment composition at each section is represented by five size
fractions.

Field Variable Value

Field Variable Value
First GB Record

0 IA GB

KBL +

Succeeding GB Record(s)
0 IA GB

1 BSLL(1) +

2 TMBL(1) +

" BSLL(2) +.)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Continue with additional elevations and time coordinates, in the increasing order of time.

Continue with additional elevations and discharges, in the increasing order of discharge.

GQ Records - These optional records are used to define stage-discharge relation at the
downstream section. The GQ input data may not used together with the GB records.

Succeeding GQ Record(s)
0 IA GQ Record identification characters

1 BSLL(1) + Base level of point 1, in ft or m

2 TMQ(1) + Discharge of point 1, in cfs or ems

,.,
BSLL(2) + Base level of point 2, in ft or m.)

4 TMQ(2) + Discharge of point 2, in cfs or ems

Description
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Record identification characters

Description

Record identification characters

Number of points used to define time variation of sediment inflow.

Number of points used to define base-level changes

Time coordinate of point 2, in hours

+

+

+

GI

GQ

KGI

KQL

TMBL(2)

1

4

1

First GQ Record
o IA

GI Records - These optional records are used to define time variation of sediment discharge
entering the study reach through the upstream cross section. The GI input data, if included, will
supersede other methods for determining sediment inflow. The sediment inflow is classified into
the two following cases: (1) specified inflow at the upstream section, such as by a rating curve;
and (2) sediment feeding, such as from a dambreach or a sediment feeder. These two cases are
distinguished by DXU in Field 2 of this record. For the first case, sediment discharge at the
upstream section is computed using size fractions of bed-material at the section, but for the
second case, the size fractions of feeding material need to be specified using the PCU values in
this record. The upstream section does not change in geometry for the first case but it may
undergo scour or fill for the second case.

First GI Record
o IA

Field Variable Value

Field Variable Value

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Continue with additional sediment discharges and time coordinates, in the increasing order of
time coordinates.

Xl Record - This record is required for each cross section (175 cross sections can be used for
the study reach); it is used to specify the cross-sectional geometry and program options
applicable to that cross-section. Cross sections are arranged in sequential order starting from
downstream.

Field Variable Value Description

0 IA Xl Record identification characters

1 SECNO + Original section number from the map

2 NP + Total number of stations or points on the next GR records for

7 DX + Length of reach between current cross section and the next down-
stream section along the thalweg, in feet or meters

8 YFAC 0 Cross-section stations are not modified by the factor YFAC.
+ Factor by which all cross-section stations are multiplied to increase

or decrease area. It also multiplies YC1, YC2 and CPC in the XF
record, and applies to the CI record.

9 PXSECE 0 Vertical or Z coordinate of GR points are not modified.
+ Constant by which all cross-section elevations are raised or

lowered

10 NODA 0 Cross section is subject to change.
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Succeeding GI Record(s)
o IA GI Record identification characters

Time coordinate of point 1, in hours

Sediment discharge of point 2

Size fractions of inflow material. The number of size fractions is
given in Field 8 of the G3 record and the sizes for the fractions are
given in the second GS record.

Sediment discharge of point 1, in cubic ft or m (net volume) per
second

Time coordinate of point 2.

Channel distance measured from the upstream section to the
and KGI signify case 2, for which PCU values are required.

+

+

+

+

+

+ or 0

PCU

DXU

QSU(1)

QSO(2)

TMGI(l)

TMGI(2)

2

1

3

4

2

3-10

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I 1 Cross section is not subject to change.

I XF Record - This is an optional record used to specify special features of a cross section.

Field Variable Value Description

I 0 IA XF Record identification characters

I 1 YCI 0 Regular erodible left bank
+ Station of rigid left bank in ft or m, to the left of which channel

I
dinates in GR records but not the first Y coordinate.

2 YC2 0 Regular erodible right bank

I
+ Station of rigid right bank, to the right of which channel is non-

erodible. Note: This station is located at toe of rigid bank; its value
must be equal to one of the Y coordinates in GR records but not

I
the last Y coordinate.

3 RAD 0 Straight channel with zero curvature

I + Radius of curvature at channel centerline in ft or m. Center of
radius is on same side of channel where the station (Y-coordinate)
starts.

I Radius of curvature at channel centerline in ft or m. Center of
radius is on opposite side of zero station. Note: RAD is used only
if concave bank is rigid and so specified using the XF record.

I RAD produces a transverse bed scour due to curvature.

4 CN 0 Roughness of this section is the same as that given in Field 7 of the

I Gl record.
+ Manning's n value for this section

I 5 CPC 0 Center of thalweg coincides with channel invert at this section.
+ Station (Y-coordinate) of the thalweg in ft or m

I 6 IRC 0 Regular erodible cross section
1 Rigid or nonerodible cross section such as drop structure or road

I crossing. There is no limit on the total number of such cross
sections.

I 8 BSP 0 Slope of bank protection is the same as that given in Field 2 of the
G3 record.

+ Slope of bank protection at this section in BSP horizontal units

I 5 Slope of rigid bank is defined by the GR coordinates.

9 BEFX 0 Bank erodibility factor is defined in Field 5 of the G1 record.

I + A value between 0.1 and 1.0 for BEFX specifies the bank
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CI Record - This is an optional record used to specify channel improvement options due to
excavation or fill. The excavation option modifies the cross-sectional geometry by trapezoidal
excavation. Those points lower than the excavation level are not filled. The fill option modifies
the cross-sectional geometry by raising the bed elevations to a prescribed level. Those points
higher than the fill level are not lowered. Excavation and fill can not be used at the same time.
This record should be placed after the Xl and XF records but before the GR records. The
variable ADDVOL in Field 10 of this record is used to keep track of the total volume of
excavation or fill along a channel reach. ADDVOL specifies the initial volume offill or
excavation. A value greater or less than 0.1 needs to be entered in this field to keep track of the
total volume of fill or excavation until another ADDVOL is defined.

Field Variable Value Description

0 IA G5 Record identification characters

1 CLSTA + Station of the centerline of the trapezoidal excavation, expressed
according to the stations in the GR records, in feet or meter.

2 CELCH + Elevation of channel invert for trapezoidal channel, in feet or
meters.

4 XLSS + Side slope of trapezoidal excavation, in XLSS horizontal units for
1 vertical unit.

5 ELFIL + Fill elevation on channel bed, in feet or meters.

6 BW + Bed width of trapezoidal channel, in feet or meters. This width is
measured along the cross section line; therefore, a larger value
should be used if a section is skewed.

10 ADDVOL 0 Volume of excavation or fill, if any, is added to the total volume
already defined.
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

10

RWD

TDZAM

ENEB

+

o
+

+

erodibility factor at this section.
RWD is the width of bank protection of a small channel in the
specified by a value greater than 1 (ft or m) in this field. When
RWD is used, BEFX is not specified.

Erodible bed layer at this section is defined by TDZAMA in Field
Thickness of erodible bed layer in ft or m. Only one decimal place
is allowed for this number.
Elevation of non-erodible bed, used to define the crest elevation of
a grade-control structure which may be above or below the existing
channel bed. In order to distinguish it from TDZAM, ENEB must
have the value of 1 at the second decimal place. For example, the
ENEB value of365 should be inputted as 365.01 and the ENEB
value of -5.2 should be inputted as -5.21. When ENEB is specified,
it supersedes TDZAM and TDZAMA



GR Record - This record specifies the elevation and station of each point for a digitized cross
section; it is required for each X 1 record.

Continue with additional GR records using up to 79 points to describe the cross section. Stations
should be in increasing order.
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+ Initial volume of fill on channel bed, in cubic feet or cubic meters.
Initial volume of excavation from channel bed, in cubic feet or
meters.

Description

Elevation of point 2, in ft or m

Station of point 1, in ft or m

Elevation of point 1, in ft or m. It may be positive or negative.

Record identification characters

Station of point 2, in ft or m"

"

"

"

GR

ZI

IA

Z2

Y2

YI

4

3

2

o

Field Variable Value

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I SB Record - This special bridge record is used to specify data in the special bridge routine.

I
This record is used together with the BT and GR records for bridge hydraulics. This record is
placed between cross sections that are upstream and downstream of the bridge.

I
Field Variable Value Description

0 IA SB Record identification characters

I XK + Pier shape coefficient for pier loss

I
2 XKOR + Total loss coefficient for orifice flow through bridge opening

3 COFQ Discharge coefficient for weir flow overtopping bridge roadway+

I 4 IB + Bridge index, starting with 1 from downstream toward upstream

I 5 BWC + Bottom width of bridge opening including any obstruction

6 BWP 0 No obstruction (pier) in the bridge

I Total width of obstruction (piers)

I 7 BAREA + Net area of bridge opening below the low chord in square feet

9 ELLC + Elevation of horizontal low chord for the bridge

I 10 ELIRD + Elevation of horizontal top-of-roadway for the bridge

I BT Record - This record is used to compute conveyance in the bridge section. The BT data
defines the top-of -roadway and the low chord profiles of bridge. The program uses the BT, SB
and GR data to distinguish and to compute low flow, orifice flow and weir flow.

I Field Variable Value Description

I 0 IA BI Record identification characters

1 NRD + Number of points defining the bridge roadway and bridge low

I Chord to be read on the BT records

2 RDST(l) + Roadway station corresponding to RDEL(l) and XLCEL(l)

I ..,
RDEL(1) + Top of roadway elevation at station RDST(1).)

I 4 XLCEL(l) + Low chord elevation at station RDST(l)

5 RDST(2) + Roadway station corresponding to RDEL(2) and XLCEL(2)

I 6 RDEL(2) + Top of roadway elevation at station RDST(2)
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Continue with additional sets ofRDST, RDEL, and XLCEL.

Symbols used in the output are generally descriptive, some of them are defined

EJ Record - This record is required following the last cross section for each job. Each group of
records beginning with the Tl record is considered as ajob.

Output of the model include initial bed-material compositions, time and spatial
variations of the water-surface profile, channel width, flow depth, water discharge, velocity,
energy gradient, median sediment size, and bed-material discharge. In addition, cross-sectional
profiles are printed at different time intervals.

Record identification characters

Description

Low chord elevation at station RDST(2)

Not used

EJ
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Cross section
Time on the hydrograph
Size of the time step or ~t in sec
Water-surface elevation in ft or m
Surface width of channel flow in ft or m
Depth of flow measured from channel invert to water surface in ft or m
Discharge of flow in cfs or cms
Mean velocity of a cross-section in fps or mps
Energy gradient
Median size or d50 of sediment load in mm
Bed-material discharge for all size fractions in cfs or cms
Froude number at a cross section
Manning's roughness coefficient
Bulk volume or weight of sediment having passed a cross section since
beginning of simulation, in cubic yards or tons.
Water-surface elevation, in ft or m
Vertical coordinate (elevation) of a point on channel boundary at a cross
section, in ft or m
Horizontal coordinate (station) of a point on channel boundary at a cross
section, in ft or m
Change in elevation during the current time step, in ft or m
Total or accumulated change in elevation, in ft or m

IA

XLCEL(2) +7

o

1-10

Field Variable Value

II. OUTPUT DESCRIPTIO

below:

DZ
TDZ

Y

WSEL
Z

SECTION
TIME
DT
W.S.ELEV
WIDTH
DEPTH
Q
V
SLOPE
D50
QS
FR
N
SED.YIELD

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Flood Control District
of Maricopa County

Date:

To:

From:

CC:

MEMORANDUM

August 12, 2009

Howard Chang, PhD, PE, Chang Consultants

Richard Waskowsky, Hydrologist, Engineering Application Development and
River Mechanics Branch, Engineering Division

Bing Zhao, PhD, PE, Engineering Application Development and River
Mechanics Branch Manager, Engineering Division

Subject: Draft Report for the FLUVIAL-12 Simulation of Salt River near Gilbert Road
Crossing

The Engineering Application Development and River Mechanics Branch (EADRM) has
finished its review and has the following comments. The consultant should submit
written responses (with digital copy) to these comments to the FCD. The comments that
have been resolved have been shown in a gray font. All comments have been resolved.

1) FCD Comment (June 22, 2009): The attached computer files should mclude all
files, which are relevant to the study. These tiles would include the input/output
Fluvial-12 files, the 1007 topography, the 2001 topography, and any other data
that was used in the study. This is important because the report should be self
contained. If five years in the future someone wanted to repeat the study, all
necessary files would be included with the report.

Chang Consultants Response (June 29, 2009): Additional files have been added
to the package of computer files. The list includes the input/output Fluvial-12
files, the 2007 topography, the 2001 topography, and other data that was used in
the study. The package will be sent to the County in a CD after the review is
finalized.

In addition, modeling study has also been made for the case of long-term river
channel changes with pit capture. Computer files for this case include the
following:

SALT-S-CAPTURE.OUT: FLUVIAL-12 output file for the flood series with
pit capture
SALT-MIN-CAPTURE.DAT: FLUVIAL-12 output file for maximum scour
during the flood series with pit capture



FCD Response (.Jul~ 8, 2{)()9):. II rcle\:.l1ltliles \\ ill be adclt:d to the linal CD.
Ihc comment \\ ill be fe l I cd once thc CD is recei\ cd.

( han~ Con uhants RC'ipon:e (.Jul~ 16.20(9): [ agree.

F( D Rc~ponsc (.Jul~ 22,20()9): I rom the ( [) that \ as induded \"Ith the current
. llbmittal. it appear t'-l.lt 1110. l of the relt: Jnl c1ata has been inLlucled. I he ani)
dalJ file that is still missing is the h)drogrdph 1'01' the long-term simulation Also.
to be consi 'tent \\ ith the format or the report. each tile that is on the CD should be
indudcJ in the /\tl(li~hments portion orthc I .Ible or Contents.

Chang Consultants Submittal (.Jul} 2-4,20(9)

FCD Response (.Jul~ 29,2(09): [he file" hmc been added to tHe Attdchments
portion 01 the 1 dble of ( ontents

")) FCD Comment (.J une 22. 2009): \ dlscu ion. \\ lllch e. plai ns \\ '1. the MP 1
')edllne 1t tran port Ii.mnu a \\<1 Llsed (rather than etnother lorl1lula). needs to be
h,)\ n in the repOlt.

( h~ ng (onsultant Re'ipon e (.June 29, 2(09): Ihe 1'0110\\ ng dl eus ion on the
1P I lormula hu-; heci. adl.1cd t,) thc n:pl1ft

I he stud) reach ofth.? ~alt Ri\'cr j" b.I'iicall) a gnl\cl bed ri\cr. Ihe t\ a most
\"Iddy u ed ediment rormulas 'l):" l2.nl\l1 arc the tv1P\1 formula and the
Parker-Coleman rormula (Parkcr. (I. and Coleman. N. I .. "Simple Model or
~cdimenl-I adcn I' Itms. '.J I h'druIII. I:ng ASCI~. 112(')). pp. 356-375. May
19X().). Ihe tvlPI I flmllula has bcen in use lor a long pcri,)d or time and it is
generall) considercd as the most dccurate 1i.)Imula fl)r gra\ el tl"dnSport. Most
prtlkssiondls in the ll. S and I mope :lppl) thc IPM lormula in thclr "ludies.

FeD Response (.Jul) ~, 2009): ( dhcus"ion has been added. Comment resoIH:d.

')) FeD Comment (.June 22, 2009): On pa!:'-e 801 the report. It is indic.lted that JI:
luller did the h)draltlic stud. in 200]. 1I0\\c\ r. this statcment b not tfue. JI:
luller did their stud) in 200S. and \\ LS I did their stud) in 2002. I he .II: Fullcr
IIl-C-RAS mod-:I \\as .111 updated \ersiol1 01 the WES I modcl. \\ hich used the
200] topograph) [n the area of(Jilhert Road. both models uscd the 200l
topograph) .

2



Chang Consultants Response (June 29, 2009): The statement on page 8 has
been revised to read as follows:

Channel Geometry Data - The channel geometry data are based on the 2001
topographic survey used in a 2008 hydraulic study by JE Fuller.

FCD Response (July 8, 2009): The Fuller report should be cited in the statement
on page 8, and the reference added to the References section. The reference is as
follows

JE Fuller/ Hydrology & Geomorphology, Inc. (Fuller), "Va Shly' Ay Akimel Salt
River Ecosystem Restoration Project - Phase I: DRAFT Design Documentation
Report Hydrologic and Hydraulic Analysis Appendix", May 2008.

Also, there appears to be errors with multiple cross-sections in the Fluvial-12
simulations. For example, at cross-section 2.12, Fluvial-12 models an ineffective
flow area as the main channel. At cross-sections :2.12 and 5.15, only a small
portion of the Salt River cross-section is modeled, which may cause the flow to be
artificially contained in a smaller area (e.g. cross-section 5.15). Please correct
these errors and verify that all the cross-section have been converted correctly.
Please see the screen captures below for the examples. As a note, in cross
sections 2.65 to 2.04, the ineffective areas along the south portion of the cross
section belong to a south chmmel, which is not part of the main chmmel and will
be blocked by a levee in the future.

From Fluvial-l:2 cross-section :2.12:
~ flUVIAL 12 GUI - SALl-S.txt r-l©J~
load Output Fie... JSelect Cross Section lllli.§l111 I- Show In Profile J Edit G-id SCales ~

loop ~

stop ..:J
start ~

1210
step Previous ':)

step Next ~
1200 ~

End ~

JLmpTo =.J 1190
ctwqe Speed f.:JI - \)

1180 .,
1170

f1160
~ 1/1150

" ~ --
1140

800 1000 1200 1400 1600 1800 2000 2200 2400

- -
step: 0/10 Hour: 1.00 WS EIev: 1148.52 WS Width: 639.30 W5 Depth: 3.72 Flow: 2692.00 Yelocity: 2.17 ...
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"

Va Shly Hydraulic Analysis Existing Cond
RS = 2.12

3 ~1jJ 1252277,1155.66

::oJ River Sta.: 12.12

River ISalt_River

Reach: IVaShIY_DS

From Fuller HEC-RAS cross-section 2.12 (F 12 modeled

/<-------.035 -------->·~I·--.035 --->t'l
o
I

1240
3
5

1220

1200
§
.~
;;
>
.!l
w

1180

Legend

Y\fS 100yr--Ground
----a-

Levee
----6-

Inett
•

B.nk St.

station (ft.:.-) _

From Fluvial-12 cross-section 5.15:

Loop

Stop

Stort

Step Next

End

JunpTo

Chor1Qe Speed

1230

1225

1220

1215

1210

1205

1200

1195

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

step: 9/10 Hou-: 708.53 WS Elev: 1223.19 WS Width: 813.20 WS Depth: 19.~3 Flow: 17352~.OO Velocity: 12.83
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From Fuller HEC-RAS cross-section 5.15 (F 12 modeled

File Options Help

River: ISail_River

Reach: IVaShly_DS

Legend

Ground
•

Bank sta

VIIS 100yr
•

30002500

1280

1270·

1260

~
1250

'-J

c
0

1240ii
>
~
UJ

1230

1220

1210

1200
0

Va Shly Hydraulic Analysis Existing Cond
RS = 5.15

1+---.035---+-.035 -----I- .035----1

station (ft)

Chang Consultants Response (July 16, 2009): The reference for JE Fuller is
now cited in the report text. The reference is also included in the list of references.

I have gone through the data file to check the channel cross sections against the
HEC-RAS data prepared by JE Fuller. Revisions have been made to those cross
sections where the channel geometries were not properly coded to represent the
effective flow areas. As a result of the revisions, all modeling cases have also
been changed and corrected. The graphics have also been corrected.

The corrections made to the cross-sectional data have resulted in small changes to
the simulated results for the 2005 flood. The correlation of the simulated and
measured cross-sectional area changes actually show small improvements as
shown in Table 2 below.
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I I I J. C )mparison oj ,,' LI Ld and mc,urcd cross-sectional arLd changes

Ri\u '->t,ltion ( ross- Lllon II Arca ( han~c due to Scour. ~quare leet

Ri\er miles Mcasured by SurvCy Simulated by Modcl

7 ]X 2.990 ].075

7 ,') ~.48() 1.780'-
7 ~6 1,6'20 1.970

740 ':.000 1.74)

7.-+4 3.970 4,.737

747 3.150 3.340

7. ,,", 2.890 2.92")
., F "'\ ... ,-" 2.'" ~,..

FC'D Respon~e (.Jul~ 22,2(09): I he rderence has bCl:n added. and the el'Oss
sectH)J1S hd\ e heen corrected. Comment resoh cd.

4) FeD Comment (.June 22, 2(09): It is .,tated thJt that the results lrom the stlld~

predict long-term rt\cr channel changes in thc ruture and that the re ults arc
ddcqudte. In on.kr to make thl ,1sscssmenL a quantitati\ e compari\on of the
resLdts mu 't be included and disLu sed. Since "adequatc" is a relati\ c tcrm. d

medSUl\~ to di rfcn:11l iate \\ hdt i'i adcq uate ,1I1d \\ hat I.' not adcq uate should also he
included.

('hang Consultants Responsl' (.June 29, 2(09): I he \\ord of description
"adequatt:" is no longer u 'cd StilLe it is qllalitati\l~. A quantitati\ e comparison of
cros. sectional area eh,m~c.., due to scour for the slI1ll.dated and me~Lun.:J results
arc prc enkd in the rcpor~.

Fcn I{esponse (.Jul) R,2(09): \ table. \\ hich compares the change in cross
sectional area clue to scour. has bccn addcd to the report rI()\\cwr. in audition to
the cross-scctional area table. could a tablc, \\hich comparcs the magnitude or
scour. also he adued to the report'?

('hang Consultants Response (,July t 6,2(09): rhe minimum bed e1C\ ation
reached by channel hed scour from the modeling stud~ and from the measuremcnt
can also be compared. I lIme\ er, such a comparison is not as good as a
comparison or cross-scctlOnal area change' I<)r the reasons gi\ c bchm. Channel
bed ,cow' uSllaJ1~ dc\ e10ps an L1ne\ cn channel hed profilc. rhe minimum hcd
elc\ ation rcached b) scour ma~ be a sharp point. I hc comparison ean be skc\\cd
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b) the sharp POltlt It is not a good meaSurl: of the magnitude of channel bed
scour fhe eross- ectional area change I d hetter measure of the magnitude lor
channel Ix:d scour.

Fe» Response (.July 22, 2009): rhe cross-sectional area changes may be a bctter
measure than the ma~nitudc of scour for thl: 0\ crall scour comparison. I{O\\iCvcr.

the I'CD i" a"'o \ CI") interc kd in the magnitude of scour bccdllse the regulation
Illr utilit) crossings such as!:J.a lines and se\ er lines is based the ma!:J.nitude of
scour measured from the minimum hed dc\ ation in the cross-section. Iherdl)re.
plCdSt.: ddd a table. \\ hleh compares the I11dgnitudc of scour. Ihe magnitude of
SCOUl" can he calculdtcd \\ith the minimum hed eh~\ation change bct\\een the pre
1100d dnd post-flood cross-sections. I he tc. t of the report can cmphasi/c the
cross-section an.:a change". but it should dlsl) l11ention that the magnitude of scour
\\as compared.

Chang Consultants Response (.Jul~ 24,2(09): Ihe comparison of the ma'i.illlum
scour depths is al"o included. Ihe paragrdph ha<; been re\ i<;ed a: t()1I0\\s.

I h...' simulated n:sults for mer tations ned!" the (,ilbert Rl>'ld crossin~ <lrc
presentcd togethcr \\ itll the mea 'urcd po t lood cross-sectional profiks. Ihe
comparisons of cros - ectional are,l changes dnu the l11aximul11 scour dq)ths arc
summari/.ed in the t\\O foll(l\\lI1g tables

omp rJ"O 1 of 11 II lIld '111 11 ," 1 d l.r')'-;"i '''il. -1101111 11 'd l: 11110 CS,...

I{l\ er r ) \l. Ii I I' d hanL.e l ue ( \e) II" \quare
~tallOn lcl.

Ri\l.:r mile'> Mea.;ured b\ \Ur\ l Simulated b\ Model.
7.28 2.990 3.075
7.12 i.-+80 i.780
7.1,() I J)20 1,970
740 2.000 1.745
7.44 J.970 3.737
747 J. iSO i.340
7 -S ',890 2.92-)
762 lS 2.~ --
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Compar 11 )1 Sill ul tLd dnd 1

RI\ er StatIon 1'.la In lllll '>cour Depth fLu
Ri\er mile<; Measured b) "'un~) Simulated hy Model

7.28 0.8 13.7
7,'12 18.0 15.5
7.16 1 1, 12.1
7.40 16.9 14.4
7.44 1,,2 14.1
7.47 12.8 I ').1
7,)) 1,.8 14 I
762 Il,':; 1'" .1

FC]) Response (.Jul~ 29.2(09): j\ COll1pan"on of'thc rna imurn ,,;cour depths has
becn !li\en in the I cCllti\C Summan, Comment n:sohcd.

') F( D ( Ollllllcnt (.June 22, 2()()9): I hL SLI tl'flCe on pa!!.e 2 in the fir t paragraph,
\\'lich reads "th' ..,imulatcd and m~a"urcu ClllSS sectional profile" drc snndar but
also \\ ith signi ficJnt llJ lYerences:' could he m<1dc clearer. 1he <;cntence is
conf'u"ing because it is indicating that the profiles are hoth similar \\hile being
dissimilar. Plca<;e rc\ Ise the sentence to IIldil.:ate \"wt is <.;imilar about the proliks
and \\ hat IS dif'rcrcnt.

(hang Consultant Rcspon'c (.Junc 29, 2()()9): IllL'se <;entcnLe ha e been
re\ iscd to n:ael a t(1I1lm,,'

I he total amount of ch,lI1nel bed cour a'i ... imulatcd I'> imilar to the measured
amount (sec Iahk :2), I h~ total uepth or channel bed ucgradation is also
"imilar. 1100\e\er, the slll1ulated and measured cross-sectional profiles hm e
... ign i ficant ulI'tercnces,

FCI) Rcspons(' (.Iuh S.20(9): rhi t'e ,..,iofl has been made to the kxt on page
21. Ilo\\e\ er. the first 'etltencc, \ hich n,>ad "1 he total amollnt or channel bcd
cour <1'> simuldted i.., <;im=iat to the mea ur d amount", should.1l '0 he added to the

te t just belo\\ the tdbk on page _),

Chang Consultants Responsc (.Jul~ 16,2()()9): Ihe scnh:IlC~ 011 ra!2-e 2 belo\\
the table has bC~11 r~\ ised to read as 10110\\ s:

'I he total amount or channel bed "cour as simulated IS similar to th~ measured
cllTIOunt as slw\\ 11 in the dbm c table. I he total depth or channel hed
degradation is also simildr. 110\\ ~\ er. the simulateu Jnd mcasureu cross
sectional protiles hm c :ignificant thlTcrences. 1he .1I11ulatcd channel bed
scour is ncar the thal\\cg: the m~asur~d scour ma) be ([\\a) from the thalweg,
rhe cause'i lor such discr~p<.lIlc) ma) be due to lateral migration or the
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thalm:g. \\ hich \<, not considered in the model simulation; or it may be due to
sun e. inaccurac) In l~lct, th ' 0\ crhan" arcas for the cmss ections from the
200 I sun c. do no ah\<l. rnatch the corrcsponding oncs from th~ 2007
sun e). Ihc o\l:rhank. areas \ crc not affected b) ri \ cr channel scour: there
should h<: no big eli tTcrenccs in fleOmdr) . I/tm evcr. such dif fcrences do c'ist
at 'iC\ eral ri \L'r <,tations.

FCD Response (.Iul~ 22,20(9): I h-: cntL:nce has becn added. Comment
rc<,ol\ cd

6) FCD Comment (.Iune 22, 2()()9): t the bottom ol'page 2-:;. it is indicated that
during the lonk!--krm simulatIon pit capturl' \\ ill not occur. \nother tl'<,t. which
aSslllm:s Pit cdptun:. should be run. and the results compan:d \\ ith the run \\ ithout
pit cdpturC.

Chang ('oO'lultant~Rcspon~c (.Junc 29, 20()9): For long-term change,;. the
f()llo\\ ing t \0 sc-:n< 1"10S arc assumed:

d. I he berm s 'rMrat1l1g the (,ilhert minin~ pit from the mail. channel of the
"dlt Ri\cr \111 hc r..;stored and pit capture in the future w'lI he pre\cntcd.
b. Ihe berm ....Lp.lratin!!, the (.ilhcI1 minin~ pit from thc main channel of the
<.;alt Ri\ er ill not be re h>red and pit capture \\ ill continue in the futurc.

~imulakd n.::sulh on sedllllentl1ell\erv and 1"1\cr channel chan~e,,; ale
pre entccl for both 'cl .: scenario'>. .." lei' rc 'ults include the spatial \ ariations 01
sediment lkli\er). change,,; in 1~)llgitudlJlal channel profile,; and changes in cross
'>ectinnaJ pro/ilL-so Se\~ral figurc~ lor the C<lse ol'pit capture hme been added to
the report. Comparisons (If th~ results arc also made.

FCD Response (.Jul~ S,20(9): Ihe second case (\\ ith pit capturc) has been
sil1lulat~d. Ilo\'ve\ cr. could it be noted that the long-term simulations only
.,imulate the..;. isting ~eomctric ofthc sand and grm el pits and that an) future or
continued e Cd\ <ltion is not .... illlulatcJ.

Chung Consultants Relillonsc (.Jlll~ 16,20(9): I he following scntence has heen
added for the ca 'to: of long term changcs \\ ith pit capture.

Long tCI m changes \\ ith pit capturc 11m c also been snllulated. Pit capture will
increa e potential river channel TOur. Ihme\er. it hould be noted that the
long-term .... imulations onl) SImulate the e °isting geometries of the sand and
grmel pits and that an) future or continued e cm ation is not simulated.

FCD Response (.Iul) 22,20(9): Ihe notation has been added to thc Executi\'e
Summar) and the Summar) dml ( onclusions sections. Comment resolved.
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7) FeD Comment (.June 22, 20(9): In the report, there arc many graphs showing
the results (e.g., Figure 13 pag.l:,) 19 22). I lowever. the discussion on page 22 is
qualitative. Please discuss the results considering a quantitati\c comparison 01 the
resulh.

Chan~Consultants Response (.June 29, 2(09): "I he ~ imulated and mcasured
cross-:-;ecllonal an;a chang~ due to cour arc compared a' listed in rable 2.

Table '. Coml Iri"ol f"il11ul t d Ild mea ured cross- edional area changes

Ri\Lr ( I'O')S ~cctlonal Area ChangL due to Scour, ')quare

Station 'cet

Ri cr mil i\1ca'jun.:d by Sun c Simulated by \looL

728 2.990 3.090

7.32 1.480 4,020

7.16 l,5XO 2,O()O

7AO 2,000 1.730

7,44 i.970 ,.730

7,47 3.3:0 3.250

7.55 2,X90 2.920

7 ~, ")A'50 2. ")0)-

FCD Response (.Jul) 8,20(9): \ quantitative comparison has been gl\en.
('omment resnh cd.

8) FCD Comment (.June 22, 2(09): On page 2. the paragraph that reads

rhe simulated cross-sectional proJiles ma) have an uneven channel bcd, \\ hik:
thOSL: li'om the sun C) arc qll1te smooth. rhc real nood now mo\,\,;d sediment
111 the longitudinal direction. it also hm e small lateral components that mOve
sediment laterally to produec a smooth bed profile. J he simulation docs not
helve this lCature.

is misleading. I he 2007 tt)pograph) \\as developed I'rom a rIN. vvhieh \\::15

dc\ eloped from contours. Because the topography \\ as dc\'(;loped I'rom contours.
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\\ ide flat areas are sho\\n pt:1 'dl\ flat. Ihererore. the paragraph should be
re\ i cd ~)r rcrnO\ cd.

Chang Consultants Respon~c ("unl' 29, 20(9): rhe paragraph ha' been re\ ised
to read a" foillms:

Ihe simulated cross- 'cctlOnal proliles 111(1) hm can unc\ cn channel bed. \\hile
thos~ Irnl11 the 2007 tol1llgraphic sun Cj arc quite smooth. Ihe 2007
topograph) \\<.\. de\l:loped 1'n'111 contour'>. In the prncess. local \ anations in
bed elC\ ation rna) be ignored and \\ id..: area l11a) thus he sho\\n as flat bed.

Fcn I{e~ponse (.Jul) 8,2(09): Ihe paragraph has bccn rcviscd. Ilo\\c\er. the
portion that reads ..... \\ ide drca nw) ..... should bc rC\ iscd to" . \\ ide l1at areas
111<1).. I he paragraph 111(1) read hctlt:r irthe lirst t\\O scntence'> \\cre replaced
\\ ith one. such a" "Onc pO'isibk reason \\hy there arc lhfkrellCl:S i'i that the 2007
topograpl1\ \\<1S dc\ eloJx:d rr()In contours."' J he repot1 ma) also illm bcttcr ifthl'i
paragrapll \\" comhined \\ith th 'preceding paragraph.

Ihc...e r~\ i ions t:an also be 'l1ade to th.: k t <1t the top of page 39.

Chang Consultants Ih'sponse (.Jul) 16,20()9): I hc paragraph at t 0 places has
ht:en IC\ l'il:d to read as lollc\\ .

The 'iimulmed cross-scLtionJ' prolilc mdY ha\ can une\ en channel bed. \ hile
those Ii 0111 the .2007 topOO! arh;c ur\ e) arc quite smooth. Ont: po...sihle
rea '011 \\ h) there arc di II',,:n:nee' is th,lt t'le 2007 topograpb) \H1S de\e!l)ped
li'om contours. In the PIOCI,;SS. 10c<11 \ ariations in bed t:!c\ ation ma) be
ig-norcd ,lI1d \\ ide ILlt drCd ma. thus he ho \ n as flat bed.

FCD Response (.Jul) 22,2(09): Ihe paragraph has bcen rc\ Ist:d Comment
resohcd.

9) FeD (omment (.June 22, 20()'): Oil the lop 01 page I ] (<It the bottom or page
21). pIca c add te 1. \\hich clarific. that h~Jure 8 i" the gage data that \\a~

colkt:ted li'l)t1l 1891 to 1<)91. 1h.: current tc t ';t:t:m to indicatc that thc !l0\\

h)drograph ha a Illm duration 01 ]00) cars. \\ hich is not correct.

Chang Cunsultants Response (.J lInl' 29, 20(9): Jhe ~t:ntences hm e been re\ ised
to read a~ f()llo \s:

Ihe h) drograph ror a lon~-tcrrn flood series is shown in Fig. 8. I he series
em ers the time period li'om ]89 I to ]99'1. rhis lllm data \\ as used to simulate
potential ri\er channel changes in the long-term future.
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FeD Response (.July 8,2(09): I he paragl aph has been re\ ised b) remo\ ing the
reference to "a total duratit>n t:1") close to IOO-yeurs.'· Comment resoh cd.

]0) FC)) Comment (.June 22, 20(9): I he labeling or the ligures is incorrect. I he
figure number on page 26 i" I ". while the uhsequent ligure on page 27 is also] 5.
rhe tig.urcs on pages 2X-31 <Ire numhert:d 11. \1,,0. the ligures. \\ hich e tend
mull ipic pages. \\ mild be clearer If "ho\\ 11 as separate ligures.

Chang Consultants Response (.June 29, 2(09): r he ligure on page 27 is labeled
as I· ig. 16. I he suhsequent ligures ha\l~ also heen re\ ised.

FCD ResJlonse (.Jul~ 8,20(9): I he lahelin!,' has heen corrected. Comment
rcsol\cd.

] ] ) FeD Comment (.June 22, 2(09): \ 'Ulllll1ar) or conclusions ,;ection nceds to be
added to the rep0l1.

Ch~ ng (on llltant.., Rcsl}On~c (.June 29, 2(09): In response, the rolhm ;ng ne\\
'>eetinn has been added

TIL ~l 1 1ARY \ [) «) <. Il , IONS

I he Salt PI l'l near (filhert R(lad in 1aricopa Count). \riz()[ld undcnvcnt
major change'> in channel ~eomdr) during. th" 1005 flood. ~ueh changes in
channel gcometr) are rc1akd to pit capture. \\ hich occurred as flood "ater
0\ ertopped the berm separating the I1ldin channel rrom the deep Gilbert mining
pit. 'I he channel geomctr) data he fore and aner the l100d e\ent are d\aIlablc
together \\ Ith the flood h) drograph.

~ediment transport and ri\ cr channel changes 1'01' the Salt Ri \ er has been
siJ11ulatcJ usin!2. thc I Ll \ I \: 12 computer modcl. rhis scope 01 modeling
eo\ers the follo\\inf, tasks: (1) 'iil1luldtion ot'ri\cr channel change,,; cdu'ed by the
2005 tlood, (2) comparison of simulated results \\ ith the ,;un e) ed channel
geometr). and (') prediction l)r long-term ri\ er channel changes in the future.
I he data llsed for the Salt Rn er ,,;tud) are taken from pre\ ious studies cm ering
the h~ drolog). h) draulics and geoll1orplwlog; or the ,,;tream chalHlcl.

I~i\ er Channel Changes dll.-ing the 2005 Flood - 'I he 2005 /lood has the
peak disch.lrgc e. cccding -to.oon ds and a long duration o\er three months: it
\\as the most important e\cnt for the period rrom 200! to 2007. Other c\cnts for
the Sdtlle period are much smaller in discharge anJ shorter in duration.
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Ri\er channel charH!e" during the .?OO_- flood v\ith pit capture \\ere
slmulakd for the 20(}) flood. Ihe simulated ri er channel change,,; \'vere
compared \\ith the measured change '. I h~ 'hort channel reach Ileal' the Gilbert
Road crossing i bet\\een t\\O Im~ior mil1lnl,!. pits. I his ch3nnd reach is simulated
to undergo major channel bed degradation of abollt 10 feet

I he sllllulakd result'> 1<.>r ri\cr "tat IOns ncar the Gilbert Road crossing are
presented togdhel \ Ith the measured post-flood cross-sectional proliles. rhe
cwss-secliondl prolilc" as SImulated are compared \\ ith the measured profiles.
('hanges along this channel reach arc characteril:ed b) channel bed scour along
the main channel. I'he total amount 01' challnel bed scour as simulated is similar to
the llleasured amount. Ihe total depth of channel bed degradatIon i<; also similar.
1!<mc\ er. thc simulated and measured cross· ,;ectional profiles ha\'C signilicant
dilr~n:IH;~". \\'hik the "imulakd and mcasllr~d scours ,Ir~ similar in pattern. thc)

hm e soml:\\hal dill\:rcnt locations. 1 he simuluted channel bcd scour is ncar the
thJh\eg: thl: measured scour llla) he a\Hly from the thah\eg. fhe causes for such
dl'icrcpanc) Illa) be duL' to lateral migration orthe thah\eg. \\hich ('j not
considered in the model "imulatilHl; or it ma) be due to SUrH') inaccuracy. In
fact. the 0\ -.:rbdnk an;a tor the cross section.., from the 2001 sun e) do no ah\ a. s
lllJtdl the COl re ponding on.: fi'om the ')l)07 un C). I he overhank areas v\i.~re

110t 'lrfl:cted by ri el I.hannel com: th~r~ "hould be no big difference" in
l,!.~ometr. 110\ -.:\cr.<,uehdifTerencl do' I,>tat e\eralri\erstation.

I he imul,lI.:d cro",,- l:ctinnal proliles mao hd\ can une\ en channel be(L
\\hile tho~e from the 2007 topogrdphic unc) arc quite smooth. Ihe 2007
toporraphy \\3 dC\lloped :rom contour:, In the p1'Oces,', local \,mation" in bed
ele'I' ation n1a) be Igl (Ired and \\ ide area 111(1) thus be shO\\ n as flat bed.

Long-Term River (hallncl Changes - fhe hydrogr,lph f<Jr a long-term
flood series \hlS used to simulate potential ri\ er channel changes in the long-term
future ul1lkr the a"sumption that future pit capture \\ ill be pre\ ented. rhe study
ri\ er reach is I)redicted 10 undergo major changes in the long term e\ en in the
absence of pit cdpture. I he changcs are characterizcd b) refill of thc mining pits
lll1U crosion 01 their adjacent mer rcaches. fhe ri\er reach He:.!r thl: (,ilbeI1 Road
nossing is "imulated to undergo chang~s in both channel hed scour and refill (or
degradation and dggradation). rhe channel bed prl)filc at the end or flood series
i" lo\\~r than the initial channel hed prolile: therefore. there \\ould hI.: channel bed
scour. Ilo\\e\ cr. the channel bed profile at the end of 1100d scrics is higher than
the m,l. imutn eh,ll1nel b~d eour profile. Ihe difference bet \een these t\\O
profiles indie:.!te refill 'I'\mlld occur during the later part of the flood series. I his
ri\l:r reach is bct\\een t\\O large nllning pits. I he downstream mining pit induces
head cutting on th1'; reach and thl: upstre,lm pit causes tail-cutting on the reach.
rhis process continues as the adjaccnt mining pits undergo relill. Alter the refill.
these adjacent mining pits no longer cause head-cutting and tail-cutting. By that
time. this ri\ er reach is e peeted to undergo rclill as sediment suppl)- resumes to
this reach.
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I he computer output files till' the stud\ has the compkte inllJrmation for thc
longitudinal proli\c changes and cross-sectional changcs. ] his stud) has its roc us
on the Salt Ri\ er ncar thc (jilbert Road crossing; thererore. only those cross
sectional changes ncar the (,ilbert Road crn 'sing are presented graphically. ('ach
Jigure has the initial cros:- 'ectional prolile based on the 200 I sun C). the
"imulated cros. - cctional profile at the or the tlood series. the simulated
ma imum scour pll)lik togcther \\ ith the post 1100d 100-) I' \\-clter surface. I he
predicted long-term c·l,lIlge. at these ri\ er 'tations arc greater in magnitude than
those occurred during the 200"i !lood. Vv hen the simulated results lor the case or
no pit capture arc compared \\ ith those !(H the case or pit capture. it is easy to sec
that more scour de\ clops under the Cdse or pit capture

FeD Response (.Jul~ 8,2(09): i\ SUmnHlJ") and Conclusions section has bccn
Jdded. One n:c(lmmendation. hO\\ c\ cr. IS to add the phrase "In summary" to the
beginning or thl' lirst <;entence or the last paragraph on page ,9. I his dddition
\\ould set this pmagraph apart rrom the"l ol1g-krm Rl\er Channel Changcs"
portion (lr the report.

Chan~ Cun:ultants I{csponsl' (.Jul~ 16.2(09): It is a goocl \ a. \() impn)\e it. It
hd hell1 clone

f CD Response (.JlIh 22,20(9): I he phrJse has been added. Comment resoh cd

12) FCD Comment (.June 22. 2(09): I here is J Ji \C. \\ hich i.... namcd S \, " 
01 D.out. \\ ith the computer tiles. [hi file should be included In thc
\ttachments section of the Iable or Contents.

Chang Consultant .. Response (.June 29. 2()()9): The computer file SAL ('
OLD.I Ll ': \\las accldentl) included;n the pac ,,"age ofeomputer liles 'I his tile
docs not belong to the report. It ha. sinLe been remonxt li'om the pacLlge of
computer Ii Ie.....

FCD RC'iponsc (.Jul) H,2(09): I he file has been remO\ed fi'om the list or
attachment '. Com111ent re....oh ed.

I.,) Fe D COlllment (.June 22. 2()09): [he cross-. ectlons. \\ hich arc sho\\ n in T· igurc
2. do not 111.ltch the cross-sections 111 the Salt.t1u file. Please n:\ Ise Figure 2 so
that the figure onl) sho\\ ' the modekd cross-sections.

Chang Consultants Response (.June 29. 2()09): I he following e 'planation 1'01'

I·ig. 2 has been added in the report:
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,
.1

Fig. :2 \\US ta"~n li'om th~ Ill'C R,\S stud). For this stud). the cross sections
from ri\er -;tation :2.04 to li\er t<ltion 13.64 arc used. I he cross sections
dO\\lnstrcdrl from ri \ er "tat ion') .04 arc not used becau'ie the) arc located
d(mnstredm of the grade control tructurc at ri\er station 2 13: the) do not
affect the h) druulic of Jl(m and ed1lncnt transport along the ri\ er channel
upstrl'um of the grade control structure.

FeD ncsponsc (.Jul) 8,200<»: Ihe e planation has beell added to page 8 of the
report. Comment resoh cd.

14) FeD Comment (.June 22, 2()09): I here are some grammatical mistakes in the
report. lor e. ample, in the fir..,t paragraph on page 1. the third 'ientence reads,
"cros~ sections ncar the {lilhert ROeld Bridgl' crossing \\as 'ur c)ed in 2007:'
Ho\\c\ er. '\\as' <;hOllld be '\\ele' Plcdse re\ ise this 'icntellce and check the
report tor. lInilar l:n\)rs.

Chang Cnnliultants RC'ipon~c (.June 29, 20(9): fhe sentence has been re\ i cd d.
!()llo\\ :

I he channd gCllmetr) t()r d l(ln~ ri\ cr n.:ach \\as sun C) cd in 2001 and those
cro . sections Ileal' thc Gilbelt Road Bridge cross1I1g \\ere sune)cd in 2007.

FeD Respon.;c (.Jul) 8,20(9): I he entence has been re\ i:ed. Ilo\\e\ cr, there
arc somc other ~rat'1nlaticdlmi..,takesin the report. 1he !()II(m ing is a brier list of
reCOml11elH.ldtil1llS that ma) imprll\ e the report. I he) are

1. at lh..: ll)p of page ~. thc tirsl t\\lll paragraphs could be combineu and
modilied to ret1eclthat long-term simulations ,,\ere run for both cases,
\\ ith and \\ ithout pit cdplure,
on pag~ , in the first ,entencc olthe last paragraph. "has" should be
"h<l\e" (thi.., al'i() occur" on page 19).
at the hOllom of page 3. ·'tllaC should be addeu het\\een "those" anu
"occurrcu" in the lasl senkncc (thi'i also occurs on page 4U).

4. on p<..ge 4 in the sccond pawl,!.raph, "primac~ ,. :huuld be "pril1laril) ",
5. in l,!.l:ncral. the ahhrc\ lalion . Ilg:' appears (mb\anl when it occurs at the

heginning ()! a sentence (or in the I igure title \\ hen perIod is useu after the
figure numher): then:rorc it i" rccommended that "I'ig:' bt.' replaced \\ itb
"J igure".

6. on rdge 14, the second hrac\.-et in the MP, if fonnula coulu be re\ ised,
7. on page 14 in the fir"t sentence aftcr the ~rPI formula. "'right-anu" shaulu

he ··right-hand".
8. on rage 15. the second periou should be remo\ cd after "time is in

seconds'·.
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9. on page 16 in the third paragraph, the sixth sentence should have a "the"
before Gilbert Road,

10. Figure 3 needs a period after 3, and
11. Figure 8 could be revised by removing the period and extraneous blue line

(circled in red below).
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Chang Consultants Response (July 16,2009): The following actions have been
taken:

a. At the top of page 3, the first two paragraphs have been combined and
modified to reflect that long-term simulations were run for both cases.

b. The sentence, with "has" replaced by "have", has been revised to read as
follows:

"The computer output files for the study have the complete
information for the longitudinal profile changes and cross-sectional
changes."

c. I made no change to the following sentence. Please advise again.

"The predicted long-term changes at these river stations are greater in
magnitude than those occurred during the 2005 flood."

d. "Primacy" has been changed into "primarily".

e. All "Fig."s have been revised into "Figure"s.

f. "right-and" has been replaced by "right-hand".
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g. I can not find the following statement "time in seconds" on page 15.

h. On page 16 in the third paragraph, the sixth sentence should have a "the"
before Gilbert Road.

Corrected.

1. The period is added to Figure 3:

Figure 3. Aerial view of the Salt River near Gilbert Road crossing after
the :W05 flood

J. Figure 8 has been revised by removing the period and extraneous blue line
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FeD Response (July 22,2009): Six of the eleven recommendations have been
resolved. Please see the list below for the five remaining recommendations.

1. The first paragraph in the Long-Term River Channel Changes section of
both the Executive Summary and the Summary and Conclusions should be
rewritten. As it is written now, the first sentence indicates that pit capture
will be prevented, but later in the paragraph it is indicated that the reach is
between two large mining pits, which induce erosion in this reach. These
statements are contradictory. Also, the bulk of the paragraph explains the
"no pit capture" simulation while only a minor portion is used to explain
the "pit capture" simulation. Please revise this paragraph to better
document the "pit capture" simulation and to remove or to better explain
the seemingly contradictory statements. One recommendation for the
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rormat orthls paragraph is to usc an intmduetory sentence, such <is "The
long-term ri\ er channel changes for this reach or the Salt Ri\(~r hm e been
simulated 1'01' t\\O eas\:s. I) with pit capture and 2) \\ithout pit capture'"
I he results 1'01' hoth simulations can then be presented in the rest of the
paragraph.

II. On the bottom of page '1 in the E, ecuti\e Summar). the sentence

"1 he predicted long-term changes at these ri\er stations are greater in
magnitude than those occurred during the 2005 flood:'

should bc re\ iscd to

.. rhe predicted long-term change" at these ri\er stcltions are greater in
magnitude than tl1O:-;e that occurred during the 2005 flood:'

1his change can al 0 be mack on page 41.

III. On page I~, the right braCKet in the [\1 PM formula -;hould be re\ ised such
tlldt it is clearer.

I . On pclge I(). the econd period houle! be renlO cd dlier the ,>cntence
.. ote that thi IOrl'1ul,l is \alid onl} if I)-,ll i" in meters and time is in
-;ccond .:

\. ()n page 17...the" "hould be added beti.ve "Gilbert Road crossing ... " in
the Idst paragraph

Also, here are t\\O additiomd. minor comment. on the report.

I. The page number should not be shm\ n on the titk page. ,,\1,,0 1i.1r the
'1 able orContcnts and the I:. ecuti\e Summar), it ma} he betler to use
lower case Roman numeral\.

II. rhere is one e tra hlank page (labeled as page 3) after the I able 0['

Contents that should be retllo\ cd. I his page \\ ill probably not hm e to be
deleted once all the computer tiles hm e been included in the Attachments.

Chang Consultants I{csponsc (.Jul) 24,2(09):

I. rhis paragraph has been re\ rittell. I he re\ ised paragraph is gi\ en belo\\.

Long-Term RiH" Channel Changl's - rhe Gilbert mining pit is
separated I.'om the main channel of the Salt Ri\er b} a berm. 'I herc also
e ist instream mining pits located both upstream and dtm nstream of the
Gilbert Road crossing. I he long-term ri\cr channel changes for this reach
orthe Salt Ri\er hme been simulated It)\" the t\\O li.lllo\\Jing cases: (1)
\\ithout pit capture (b) the (Jilbert mining pit) and (2) \\ith pit capture.
I he h) drograph It)r a long-term Ilood series \\as used. For the case of no
pit capture. the study ri\w relch is predicted to undergo m~jor changes.
The changes arc characteri.t:ed b) refill of the mining pits and erosion or
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their adjacent ri\ ~r reache. "he ri\er reach ncar the (Jilbert Road
crossing is simulated to undergo l:hanges in both channel bed scour and
refill (or lkgradation and aggradation). 'I he channel beu profile at the end
or flood sl:ries is Il)\\er than the initial channel bed profile. 1100\e\ er. the
channel bed profile at the end 01" flood series is higher than the maximum
channel bed scour prolile. 1he dilTerencc bet\\cen these two profiles
indicate refill \\ould occur dUrIng the later part of the flood ...;eries.

"I he dm\ n. tream mining pit induces head cutting on this reach and the
upstream pit causes tail-cutting on the reach. "I his pmces' continues as
the adjacent mining pits undergo refill. Alter the rdilL these adjacent
mining. pits no longer cause head-cutting and tail-Culling. By that time.
this ri\l.~r n:dch is expected to uIH.k:rgo relill as sediment supply rcsumes to
this reach. [.ong-tenn changes \\ ith pit capture (h) niT-stream thc Gilbert
mining pit) ha\e also bel.:n simulated Pit capture \\ ill il1l:rease potential
ri\l~r channel SCOLIr. lIo\\c\er. it should be noted that the long-term
simulations onl) simulate the e. i...;ting geometries of the sand and gravel
pits and thdt an) ruture or cont1l1ued ..::xcmation is not simulated.

II. 1he changl: s ha\ e been madc

III. 1he right brae! ct ha heen re\ ised.

1\. rhe second period has been rctllO\ cd,

\ . I he atl('cted entencc hal., been re\ i ed as lollll\\ s.

1he (,ilbert Road crossin~ i" located along a ri\\.~r reach hct\,\Ccn t\\O
major mining pits.

rhe additional commcnts arc "ho\\ n belo\\'

I. I he page n lInher is no 101lt,'cr on till' title page. Roman numcrals arc used
1\)1" pa~c numbering or thl: I ablt: or Contcnts.

II. 1he blank parc \\ ill not be in the linal \ ersion.

FeD Rcspons{' (.Jul,\ 29,20(9): \11 of the abO\ c recommendation...; ha\ e been
implementcd. Comment resoh cd.

15) FCD Comment (.Jul) 8, 2()()9): On page 12, the scdiment gradations arc sho\\n.
110\\ wcre these cun es dc\ eloped'! 1he) could not bc \ eri lied \\ hen compared
\\ith the Appendi -+ of the WI:S r (2lJ02) rcport.
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Chang Consultants Respons<.' (.July 16,2(09): All the gradations were taken
from the WI S'I stud) report of2{)02. Intitlccl"VA SilLY' \ Y AKIMEL
[I)druu[ic & Sedimentation Anal) sis. ~alt Ri\ ef Pima- 1aricopa Indian
CommunIty adjacent to the Cit) of 1\lesa. 1 laricopa Count.. Ari/ona". Prepared
f(Jr Los r ngelc'i District. l .S. Arm) Corps or Fngineers.

Ihe WI· S I report has a large numher 01' gradation curyes. Sample gradation
cunes are shO\\11 111 the figure. lor gradation cur\'l~s used in the stud). Ii\e si/e
fractions \\ ere 'Ised lor each tun e. I he geometric mean or each size fraction is
adopted as the si/e ror the Jraction.

BORING ,: I{['v[ 1.5 PLACED. \ 1 DOWNS"I RleAM I:ND OF I.) I lJDY REi\CI [
(is O. [3 0.09 045 0.15 i.16 0.1:' 17.3 0.22 49.0 0.38

BORING 5: R\n.7 PI, \CI 1) .IllS I \1" II:R X13.64
(is 0.15 0.08 n.55 0.17 2.S'"' 0.19 14.4 0.25 45.0 0.30

BORIt (j S' R 1() 1 PI .\('1 D JL 'I [ \[. I U{ :\.16.27.\ fn X16.4
(IS 0.\8 0.10 0.65 0.20 2.00 0.'20 8.94 0.22 40.0 0.28

BOR[ (J 8 (I HE· "\1 CO I)): P[ '\( 1 D JlIS 1 BFH)JU .' 17.2( D \1 II R
7.5:
(J~ 0.21 0.. 0 0.8\ 020 284 O.'U 13.6 0.2: 49.9 O"~5

BOR[ (J 10. R 17.91 PI. \CI [) Jl ~ I \1, I L'R X7.91
(I' 0.17 !l.'O 0.-1-2 0.28 o.n O.I() 2.-1-5 0.19 ')1.9 0.27

HOR[N(, 10 (I liE I.)I£OJ I)): PI \('1 J) .I liS I AI n:R .'SK)
(JI.) 0.[7 0.11 0.19 0.20 0.71 0.24 2.65 0.20 23.7 0.25

BORING 12. R1\19.59 P[ AC[ [).It S r AI, [I:R XI9 59
(I~ 0.55 () 12 1.41 0.20 4.47 0.15 17 3 0.1 <) 49.0 0.34

BORI1\JU 14: R 1172 PI '\(,1-.1) \ I tIPS [Rh\M I: [) 01, ~ n DY PI: \ell
(IS 0.40 (l 10 I.H) 0.17 31.6 0.15 10.0 0.25 40.0 0.33

~I he second boring 8 dl1d 1U from the \\ [. S f report \\ ere ...dectcJ i11 \ le\\- or the
presence or coarse grm el (...ee report <':0\ er) ncar the Gilbert Bridge crosslI1g.

FeD Response (.Jul~ 22,2(09): Ihe de\ elopment or the sediment gradations.
\\hich \\ere u cd in the stud). has been clurilieJ. Illme\er. all the data labels are
not shown in 1igure 9 (on page 11). I here i.ln~ 8 data series plotted in the Jigure.
but onl) 6 lahL:ls arc sho\\ n. Istl. it appears that one data series is plotted t\\ icc.
Please rc\ ise this ligure.
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Chang Consultants Response (July 24, 2009): Figure 9 shows only sample
gradation curves but not all the gradation curves since they are also available from
existing data. To make it complete for this study, two additional curves have been
added to the figure. These are:

BORING 8 (THE SECOND): PLACED JUST BEFORE X17.28 AND AFTER
7.55
GS 0.23 0.10 0.81 0.20 2.84 0.20 13.6 0.25 49.9 0.25

BORING lO (THE SECOND): PLACED JUST AFTER X8.85
GS 0.17 0.11 0.39 0.20 0.71 0.24 2.65 0.20 23.7 0.25
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FCD Response (July 29, 2009): Additional gradations have been shown on the
figure. However, there are still some minor discrepancies with the figure. These
discrepancies are circled in green in the figure below. A brief list is as follows:

1. Two additional lines are shown in the figure, but not in the legend.
') One extra symbol (for RM 1.5) is shown in the legend but not in the plot.
3. A numeral "10" is shown in the middle of the figure.
4. RN7.91 should be RM7.91.

Also, some of the data labels do not match either the Fluvial-12 cross-section or
the WEST (2002) cross-section. For example, "RM12.2" is shown in the figure,
but the last sediment gradation in Fluvial-12 is at cross-section 13.64 and the last
gradation in the WEST repOlt is at cross-section 13.44. Please make sure the data
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labels correspond to either the Fluvial-12 model or the WEST report, and place a
note, which indicates the source of the labeling, in the report. Once this figure has
been revised, the final report can be submitted.

Salt River - Grain Size Distnbutions
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Chang Consultants Response (July 30, 2009):

1. The lines and legends are matched after two redundant lines are deleted.

2. The plot for RM 1.5 is now in the plot.

3. The numeral "10" is deleted.

4. RN7.91 is now RM7.91.

In response, it is necessary to define the sediment gradation at both ends
(downstream end and upstream end) of the study reach. Since there is no sediment
gradation curve at the upstream end, the data at the nearest channel station
(RMI2.2) was used.
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Revised figure for sediment gradation curves

Chang Consultants Submittal (August 7, 2009)

FCD Response (August 12,2009): Figure 9 on page 13 of the final report has
been revised to match the cross-sections from the WEST (1002) report. As a
note, this figure plots the data directly from the WEST report, and these gradation
curves (shown in Figure 9) were adjusted to fit the Fluvial-l1 format requirements
of five size fractions. Comment resolved.

16) FCD Comment (July 8, 2009): On page 9, the flow rates for the Salt River near
Gilbert Road are given. However, these flow rates do not correspond to the flow
rates at Gilbert Road given in Table 3.1 in the WEST (1002) study (see below).
Please give a reference for the flow rates and revise the table to match the WEST
table.
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Table 3- J. Peak flows used in Ie hydraulic analy i a d inundali n area del" eatio .

Return Period
Flow at CP-40 Flow at CP-J09

(upstream limit at River (River Station 7.55 just
Station 13.64, in cfs) upstream of Gilbert Road.

in cfs)

5-year 22.000 21,000

IO-year 60.000 .000

20-~ar 100.000 95,000

50-year 150,000 J45,000

IOD-year 175,000 172,000

200-year 210.000 207, 00

500-year 250,000 246,000

Chang Consultants Response (July 16,2009): The paragraph has been revised
as follows:

Data on Flood Hydrology - The established flood discharges of the Salt
River at two locations for different return periods are listed in the following
table.

Peak flows for the Salt River

Return periods Flood discharges in cfs
River mile 13.64 River mile 7.55

5 year 22,000 21,000
10 year 60,000 58,000
20 year 100,000 95,000
50-year 150,000 145,000
10O-year 175,000 172,000
20O-year 210,000 207,000
50O-year 250,000 246,000

FCD Response (July 22, 2009): The table has been added to the report.
Comment resolved.

17) FCD Comment (July 8, 2009): For both the long-term simulation and the 2005
flood simulation, only a portion of the cross-section is used in Fluvial-12. For
some cross-sections, the shOltened cross-section results in high flows being
artificially contained. Please review and revised the cross-sections to make sure
the high flows are not being artificially contained (see comment 3).
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Chang Consultants Response (July 16,2009): I have gone through the data file
to check the channel cross sections against the HEC-RAS data prepared by JE
Fuller. Revisions have been made to those cross sections where the channel
geometries were not properly coded to represent the effective flow areas. As a
result of the revisions, all modeling cases have also been rerun. However,
revisions of the cross sectional data have little effects on long-term chmmel
changes near Gilbert Road.

FCD Response (July 22, 2009): There are some cross-sections where the channel
widens and is contained by the last point in the cross-section (see one example
below). Would it be worthwhile to extend these cross-sections so that the channel
can widen, if necessary? Would the overall results change much? If the overall
results would not change much, the cross-sections do not have to be extended.

~ FLUVIAL 12 GUI . Salt2005.txt GJ19~
load Output File... J"5elect Cross section @§:d1f:ill. ~l Show In Prolle J. Edit Grid SCales

Loop '"
Stop ~

Start !il
1244

Step Previous 0
AStep Next ,,:J 1242

End -El \ ~ ~ I
J<.mp To ~

1240

~r? ~ I
Change Speed I;;.i 1238

1\1236

\1234 A.

\. /' .-1232

1230 U
1228

7300 7400 7500 7600 7700 7800 7900 8000 8100 8200 8300

--
step: 6/7 Hour: 1483.45 WS Elev: 1232,94 WS width: 472,40 W5 Depth: 4.62 Flow: 2090,00 Velocity: 3,85 ...

Chang Consultants Response (July 24, 2009): The right bank of this sample
cross section (and several others) is along the berm that separates the main
channel from the Gilbert mining pit. Under the assumption of no pit capture, the
right bank is assumed stable. For the other case of pit capture, the river flow
would breach the berm to enter the mining pit.

FCD Response (July 29, 2009): These cross-sections have been clarified. No
new simulations need to be performed. Comment resolved.
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