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LATERAL MIGRATION ANALYSIS PAGE 1

I. INTRODUCTION

This report presents the results of a lateral migration analysis conducted for four proposed
bank-protection alternatives located a study reach of the Tanque Verde Creek which lies between
Craycroft Road and Sabino Canyon Road in Pima County, Arizona. This particular reach of
Tanque Verde Creek contains approximately 9,500 linear feet of existing bank protection located
along four isolated channel segments which lie between the Craycroft Road bridge and the Sabino
Canyon Road bridge. Approximately 12,500 linear feet of channel banks are currently
unprotected within the study reach. Figure 1, Location Map, shows the study reach and the
existing bank protection within the study reach.

Three bank-protection alternatives have been defined to include varying lengths of bank
protection within the study reach—all in conjunction with the creation of a Riparian Preserve
along a portion of the north bank of the Tanque Verde Creek. All of the proposed bank protection
would be located along the alignment of the existing channel banks. The three bank-protection
alternatives, along with a “no-action” alternative, have been defined as follows:

Alternative 1: No action.
Alternative 2: Bank protection in the existing gaps along the south bank (5,900 linear feet);

Bank protection upstream of the Craycroft bridge on the north bank (1,600 linear
feet); and

Riparian Preserve along the north bank.

Alternative 3: Bank protection along the south bank adjacent, to the golf course (4,200 linear
feet);

Bank protection upstream of the Craycroft bridge on the north bank (1,600 linear
feet); and

Riparian Preserve along the north bank.

Alternative 4: Bank protection in the existing gaps along the south bank (5,900 linear feet);

Bank protection upstream of the Craycroft bridge on the north bank (1,600 linear
feet);

Riparian Preserve along the north bank, and

Bank protection (low flow) along the Riparian Preserve (5,000 linear feet).

Tetra Tech, Inc.
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II. PREVIOUS STUDIES

In 1996 the Pima County Flood Control District (District) asked the U.S. Army Corp of
Engineers to evaluate flooding and erosion hazards along the study reach of the Tanque Verde
Creek. (Pima County, 1996). The District outlined the existing flooding and erosion hazards,
and prepared preliminary cost estimates for their proposed solution. The District’s 1996 proposal
has been included as Alternative 2 in this report.

Subsequently, a hydraulic and geomorphic analysis was completed for the study reach of
the Tanque Verde Creek (SLA, 1998) which addressed four major areas of concern. The four
areas of concern were (1) the potential for bank erosion, lateral migration, and channel migration
along the project reach; (2) the relative stability of the Craycroft Road and Sabino Road bridges;
(3) the flooding potential along the study reach during the 100-year event; and (4) the potential
threat, if any, that the project might pose on the recently completed Rillito Creek bank
stabilization project. For the purpose of the analysis presented within this report, the results of
the 1998 SLA analysis regarding the first area of concern—bank erosion, lateral migration, and
channel migration—will be examined in further detail and expanded upon in order to assess the
impacts that bank stabilization might create along the proposed Riparian Preserve which is to be
located along a portion of the north bank of the study reach.

Tetra Tech, Inc.
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II. QUALITATIVE GEOMORPHIC ANALYSIS
A. Historical Geomorphic Analysis

The 1998 SLA analysis incorporated a fluvial geomorphologic assessment which included
an evaluation of aerial photographs of the study reach for the years 1936, 1953, 1960, 1967,
1971, 1979, 1983, 1993, and 1996. Using these historical aerial photographs and USGS flow
records, movements of channel banks along the study reach were documented and correlated to
flow events over the 60-year time period of the aerial photographs. In addition, changes in land
uses and vegetation location and volume were also documented and correlated to the movements
of the channel banks. The 1998 analysis presented summaries of the movements of channel
banks, land-use changes, and vegetation changes which occurred during the intervening time
periods between each successive aerial photograph.

The results of the 1998 fluvial geomorphologic analysis revealed that 650 feet was the
maximum lateral movement of the channel banks which occurred during the 60-year time period
of 1936 to 1996. A review of historic flow records indicates that a flow event of 12,200 cfs in
December of 1965 was responsible for the majority of this severe bank erosion. While the peak
flow rate for this event was much less than the adopted 100-year discharge of 34,000 cfs, the
extensive bank erosion which occurred during the 1965 event was considered to be primarily due
to the prolonged duration of flow (Pearthree and Baker, 1987). Another primary factor was that
the flow was directed toward the outside of a appreciable meander bend which existed at the time.

B. Localized Bank Protection along Regional Watercourses

Each of the proposed alternatives would result in varying levels of bank protection along
the study reach. The alternatives range from Alternative 1, with no new bank protection, to
Alternative 4, with complete bank protection. Alternatives 1, 2, and 3 would all result in
localized, or “piecemeal,” areas of bank protection within the study reach, with unprotected
channel banks located between, and adjacent to, protected channel banks.

The occurrence of increased bank erosion adjacent to localized bank protection has been
well documented for regional watercourses within the Tucson basin such as the Tanque Verde
Creek, the Rillito Creek, and the Santa Cruz River. During the October, 1983, flow events on
these regional watercourses, a systematic pattern of erosion at meander bends was documented
that appeared to be directed or otherwise facilitated by existing localized bank protection
[emphasis added] (Pearthree and Baker, 1987). Localized bank protection, such as is proposed
with Alternatives 1, 2, and 3, clearly will concentrate potential bank erosion and focus it upon
those unprotected banks which remain within the study reach.

Tetra Tech, inc.
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IV. ENGINEERING GEOMORPHIC ANALYSIS
A. Sediment Transport Continuity and Equilibrium Slopes

In order to determine the effect of any proposed channel improvements on channel
stability, a quantitative engineering-geomorphic analysis can be conducted to determine both
existing and with-project characteristics (ADWR, 1985). That is, an analysis of sediment
transport rates and equilibrium slopes can be used to determine the effect of a proposed alternative
on the stability of both the channel bed and banks of an alluvial watercourse.

Hydraulic models for both existing and with-project conditions were completed as part of
the 1998 SLA analysis. Using hydraulic parameters (i.e., depth, velocity, width) obtained from
these hydraulic models for both existing and with-project conditions, sediment transport rates can
be calculated and compared to one another in order to identify any changes in sediment transport
continuity within the study reach. Such a comparison showed little predicted change, however,
since the proposed bank protection for each alternative will generally be located along the existing
alignment of channel banks, and therefore existing flow hydraulics and corresponding sediment
transport rates will remain essentially unchanged. Consequently, comparison of existing versus
with-project sediment transport rates does not predict the occurrence of any substantive change
in sediment transport continuity within the study reach.

Any instability in the sediment transport continuity of the study reach can also be identified
through an analysis of equilibrium slopes—a procedure which can be used to determine long-term
trends toward aggradation or degradation of the streambed. In the 1998 SLA analysis,
equilibrium slopes were calculated for the study reach (SLA, 1982) and were compared to existing
slopes. Differences in the two slopes were small, between 0.0002 ft./ft. and 0.0003 ft./ft. (i.e.,
1.1 ft./mile to 1.6 ft./mile), with a slight trend towards aggradation indicated. Consequently,
instability in the sediment transport continuity of the study reach due to either streambed
aggradation or degradation is not predicted to occur for either existing or with-project conditions.

B. Shear Stress Analysis at Bendways

The occurrence of lateral migration and bank erosion is not exclusively a function of
system sediment imbalances or long-term equilibrium slopes. Localized bank movement along
the outside of meander bends will also occur. The extent of this localized bank-erosion process
can be predicted by calculating the change in shear stress which occurs on the outside of meander
bends during the progression of a flood hydrograph (SLA, 1997). Increased shear stress on the
outside of a meander bend is created by the curvature effect induced in the flow as it passes
through the bend. Physical model studies have shown that “bend shear stresses™ can be more than
four times as great as the shear stresses which occur along a straight channel segment.

Single-event bank erosion distance along the outside of an existing meander bend can be
predicted by (1) utilizing representative cross sections along the study reach for both a straight
approach channel and a meander bend; by (2) adjusting channel hydraulics to represent the outer

Tetra Tech, Inc.
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portion of flow within the representative cross sections; by (3) computing corresponding sediment
transport rates; by (4) considering the geometry of existing meander bends along the study reach;
by (5) accounting for the increased shear stress on the outside of the meander bend; and by (6)
considering the sediment composition of the eroding bank. Two existing meander bends located
along the north bank of the study reach were evaluated for single-event bank erosion using this
approach. Results, provided in the appendix to this report, indicate that for current conditions
within the study reach, the maximum northward lateral movement of the north bank of the Tanque
Verde Creek is predicted to be in the range of 200 feet to 300 feet during the occurrence of a 100-

year flow event.

An earlier fluvial geomorphologic assessment (SLA, 1998) of the study reach of the
Tanque Verde Creek recommended 650 feet as a reasonable prediction of long-term lateral
migration potential. On an average-annual basis, this represents only a few feet of migration per
year. However, the amount of lateral migration predicted to occur during a major single event,
= such as a 100-year flood, accounts for a significant portion of the total lateral migration that is
anticipated to occur within the study reach over the long term. Consequently, the ability to
passively monitor erosion impacts along the proposed Riparian Preserve—and then take
appropriate mitigation measures, as necessary, to preserve the integrity of the Preserve—can be
severely compromised since the passage of a major single event can cause several hundred feet
of lateral bank movement to occur along the study reach of the Tanque Verde Creek in a matter

of only a few hours time.
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V. RESULTS

All of the proposed alternatives incorporate installation of varying levels of bank protection
for the unprotected channel banks along the study reach. The alternatives range from Alternative
1, with no new bank protection, to Alternative 4, with complete bank protection. Alternatives
1, 2, and 3 would all result in localized, or “piecemeal,” areas of bank protection within the study
reach, with unprotected channel banks located between, and adjacent to, the protected channel
banks. As a result, the potential for erosion along the unprotected segments of channel banks is
expected to be high for Alternatives 1, 2, and 3, due to the “piecemeal” nature of the existing and

proposed bank protection.

The occurrence of increased bank erosion for unprotected banks located adjacent to
localized protected banks has been well documented for regional watercourses within the Tucson
basin. Erosion at meander bends has either been caused, or exacerbated by, existing localized
bank protection. Localized bank protection, such as is proposed with Alternatives 1, 2, and 3,
will clearly concentrate potential bank erosion along those segments of unprotected banks located
within the study reach.

1B

Existing fluvial-geomorphic and engineering-geomorphic analyses of the study reach of
the Tanque Verde Creek were evaluated for the purpose of determining the effects, if any, of the
proposed bank-protection alternatives on lateral migration. Using existing and with-project
hydraulic parameters, it was determined that sediment transport rates, and thus overall sediment
transport continuity, will not be altered by any of the proposed alternatives. Similarly, a
= comparison of existing and equilibrium slopes in the study reach indicates that the channel bed
profile is approaching long-term equilibrium conditions. These two quantitative methodologies
indicate that no substantive change in sediment continuity results from the proposed alternatives.

Using a quantitative methodology which considers the hydraulics and shear stress of flow
on the outside of a meander bend, single-event bank erosion estimates were determined along the
study reach to range between 200 feet to 300 feet for the two meander bends located within the
study reach. Although these estimates are less than historical single-event bank movements that
have been recorded, the estimate is considered to be reliable for the geomorphology of the Tanque
Verde Creek as it exists today along the study reach (i.e., the existing channel alignment is
straighter than in the past, and the ability of the channel to meander has been reduced significantly
due to the presence of two bridges and 9,500 linear feet of existing bank protection).

Because the amount of lateral migration predicted to occur during a major single event,
such as a 100-year flood, accounts for a significant portion of the total lateral migration that is
anticipated to occur within the study reach over the long term, the ability to passively monitor
erosion impacts along the proposed Riparian Preserve—and then take appropriate mitigation
measures, as necessary, to preserve the integrity of the Preserve—can be severely compromised
since the passage of a major single event can cause several hundred feet of lateral bank movement
to occur along the study reach of the Tanque Verde Creek in a matter of only a few hours time.

Tetra Tech, Inc.
Infrastructure Southwest Group I
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Results of the historical geomorphic analysis indicate that 650 feet represents the maximum
long-term lateral movement of the channel banks during the 60-year period of record analyzed
(1936 to 1996). As noted in the 1998 SLA analysis of the study reach, this maximum observed
lateral migration distance correlates closely to a building setback distance of 652 feet which was
calculated using local City of Tucson standards (City of Tucson, 1989). Therefore, while lateral
bank movements of this magnitude are less likely today, due to the limiting effect of recent bridge
construction and bank protection within the study reach, 650 feet is still considered to be a
conservative estimate of worst-case channel movement within the study reach over the long term.

In order to quantify the erosion hazards that are associated with each alternative,
unprotected sections of channel bank were tabulated and potential areas of bank erosion were
calculated. The results, shown in Table 1 and Figure 2, indicate the relative erosion hazards for
each alternative. With the exception of Alternative 4, all of the alternatives are predicted to result
in a high risk of erosion along the proposed Riparian Preserve.

TABLE 1: EROSION HAZARDS FOR PROPOSED ALTERNATIVES
" Proposed Bank | Unprotected | Acreage at
Protection Banks Risk
Alternative (linear feet) (linear feet) (acres) Structures at Risk

1 0 12,500 187 21 homes, the north and
south approaches to the
Craycroft bridge, a golf
course, and the Riparian
Preserve

2 7,500 5,000 75 15 homes, along with the
Riparian Preserve

3 5,800 6,700 100 15 homes, the Riparian
Preserve, and the south
approach to the Craycroft
bridge

4 12,500 0 0 None

V. RECOMMENDATION

Based upon the lateral migration assessment conducted under this study effort, it is
recommended that Alternative 4—bank protection in the existing gaps along the south bank (5,900
linear feet); bank protection upstream of the Craycroft bridge on the north bank (1,600 linear
feet); Riparian Preserve along the north bank, and Bank protection (low flow) along the Riparian
Preserve (5,000 linear feet), be adopted as the preferred alternative for the project.

Tetra Tech, Inc.
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