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I. INTRODUCTION

This document presents the Surface Water Plan for the City of Sierra
Vista, Arizona. The plan was developed by Simons, Li & Associates, Inc.
(SLA), as a part of the Phase IIl scope of services for the Sierra Vista Sur-
face Water Plan (Project PW 85-7, Surface Water Study). Results of Phases I
and Il of the study, which provide the framework for developing the plan that
follows, are fully documented within the SLA reports entitled "Hydrologic and
Hydraulic Investigation Report for the City of Sierra Vista and Surrounding
Areas", and "Presentation of Basin-Management Alternatives for the Sierra
Vista Surface Water Plan", respectively. The reader is referred to these
reports for a detailed discussion of the purpose and results of the work per-
formed under these earlier phases.

1.1 Description of Study Area

The plan that follows covers an area of approximately 50 square miles in
size, which includes the City of Sierra Vista, as well as the surrounding
areas to the south and east. The area encompassed by the study is bounded on
the. north by the Fort Huachuca Military Reservation; on the west by the Fort
Huachuca Military Reservation and the Coronado National Forest; on the south
by Ramsey Canyon Road; and on the east'by Moson Road. However, the total area
analyzed during the study, including tributary drainage from the Huachuca
Mountains, is actually over eighty square miles in size. The city, located as
it is between the Huachuca Mountains and the San Pedro River, is a unique
geographical setting which ranges from rolling grasslands, with tree-lined
waterways at the higher elevations, to brush-covered desert, laced with sand-
bed washes at the lower elevations. For purposes of developing the plan which
follows, the study area was divided into eight major watersheds, with each
individual watershed having a unique point of concentration near the down-
stream limit of the study area. The names of the eight major watersheds are:
Soldier's Creek Basin; Graveyard Gulch Basin; Woodcutter's Canyon Basin;

Coyote Wash Basin; Lewis Springs Wash Basin; Bakarich-McCool Wash Basfn; Gar-

den Canyon Basin; and Ramsey Canyon Basin. The study area and the eight major

watersheds are shown on Figure 1.1.
Population growth within the study 1imits is currently at an upward
turning point. Most of the existing development within the project area is
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confined to the northwest corner, which can loosely be defined as "the city".
However new development 1is currently underway, and areas which are now
untouched grassland and desert are likely to become extensions of the city's
urban core in the near future. Until recently, management of surface-water
runoff within the city has largely been a matter of modifying drainageways and
washes to accommodate development, with little regard for long-range planning.
Although this is a popular method of dealing with surface-water runoff in the
arid environment of the southwest, the result is often times an unstable
drainage system, and a collection of drainage improvements which leaves a scar
of unnatural and unattractive geometric patterns across the land.

1.2 Purpose

The purpose of the Surface Water Plan, which follows, is to present a
regional approach to the future management of surface-water runoff within the
study area, while at the same time addressing existing conditions and problems
within the study area. It is the intent of this plan to recognize that sur-
face-water runoff is not simply a problem to be dealt with, but a potential
resource as well. It is the intent that the plan provide a means for pro-
tecting the public against the hazards of flooding and erosion while recog-
nizing that surface-water runoff, as well as the natural systems which convey
it, are public amentities; and that these natural drainage systems should be
preserved if they are not to become a long-term liability to the community.

1.3 Background of Plan Development

The plan described in the following sections was developed from an eva-
luation of alternative-management schemes proposed for each of the major
basins within the study area. This evaluation, conducted as a part of the
Phase-II scope of services, was performed by a panel composed of City of
Sierra Vista And Cochise County staff members, along with other persons chosen
by the staff of the City of Sierra Vista. The results of the evaluation pro-
vided a general framework within which to develop the specific improvements,
recommendations, and gquidelines contained herein. The contributions of the
evaluation panel aided immeasurably to the development of a plan. For a more-
detailed discussion of the evaluation process and it's results, the reader is
referred to the Phase-II report.



SLA, INC.

II. OVERVIEW OF SURFACE-WATER PLAN

The following section provides an overview of the proposed Surface-Water
Plan. This section discusses the methodologies and assumptions used in deve-
loping the various recommendations made within the general plan, and explains
the general concepts used.in developing a specific plan for each basin. This
section also describes the administrative and regulatory provisions which
should be incorporated within the general plan.

2.1 Methodologies and Assumptions

This sub-section discusses the methodologies and assumptions used in
developing the pertinent criteria of the general plan which are necessary in
order to make specific recommendations for structural drainage improvements,
such as channel bank-protection and stabilization, street-crossing improve-
ments, detention/retention facilities, and erosion-protection measures, for
each basin within the study area.

2 l.d Hydrologic Modeling

The U.S. Army Corp of Engineers HEC-1 flood-hydrograph computer program
was used to model the watersheds within the study area for the purpose of
determining conceptual design criteria for improvements such as channel stabi-
lization, street-crossing improvements, and detention/retention facilities.
The HEC-1 model was calibrated to existing drainage conditions within the
study area using the existing-conditions, 100-year peak discharges determined
during the Phase I hydrologic analysis. Anticipated development and proposed
drainage improvements were then incorporated into the model in order to de-
termine their adequacy of design, and their effect upon flood hydrographs.

2. 1.2 Channel Improvements

Structural improvements proposed along channel reaches were primarily
based upon hydraulic parameters determined using Manning's equation for uni-
form, steady flow. Criteria for bank-protection heights, toe-downs, and
grade-control design, where applicable, were determined using criteria
obtained from the Pima County Drainage and Channel Design Standards manual. In
deve]obing recommendations for vertical stabilization (i.e., grade-control
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spacing) a clear-water condition was usually assumed, due to the densities of
existing and/or proposed development and the existence and/or proposed imple-
mentation of upstream detention/retention. Because of the relatively steep
slopes prevalent within the Sierra Vista area, the grade-control structures
proposed under this plan are typically spaced between seventy to one-hundred
feet apart in order to limit the long-term, vertical, channel bed degradation
to a maximum of one foot at any given location. Use of less-frequent, higher
drop structures would necessitate more costly structural improvements, such
as concrete energy dissipators and extended toe-down depths. Use of higher
drop structures would also be much more visually obtrusive, diminish access
within the channel, and possibly pose safety hazards associated with the steep
drops and/or ponded water at the toe of the drops.

In developing the hydraulic parameters and cost estimates for the concep-
tual channel improvements, it was typically assumed that channel lining, where
applicable, would be concrete. However, in preparing the conceptual figures
for proposed bank-stabilization improvements, other types of materials (i.e.,
soil cement and gabions) were also noted on the figures as being safisfactory
for use, where technically and economically feasible, in order to provide a
degree of flexibility in design. Also, channel side-slopes of three-to-one
were typically assumed for safety purposes, except where steeper side-slopes
were dictated by right-of-way constraints. Such locations were noted in the
conceptual figures. Use of lining materials other than concrete and/or side-
slopes other than those shown on the conceptual figures is permissible, opro-
vided that such features are incorporated into a hydraulic analysis of the
final design.

The reader is referred to the Pima County Drainage and Channel Design
Standards Manual for a more-detailed discussion of the design methods used in
the design of the conceptual channel improvements. The channel improvements
proposed as a part of this plan are very conceptual in nature, and therefore
do not consider design details such as bends, transitions, key-ins, etc. Also,
the proposed improvements are typically based upon a conservative estimate of
peak discharge, due to the limited amount of watershed discretization possible
within the scope of this project. These factors should be taken into con-

sideration at such time as detailed construction plans are prepared for
planned improvements.
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2.1.3 Street-Crossing Improvements

Where possible, proposed street-crossing improvements were developed uti-
lizing the Federal Highway Administration (FHWA) HEC-5, inlet-control nomo-
graphs (inlet control was assumed because of the relatively steep slopes pre-
valent within the Sierra Vista area). The HEC-5, inlet-control nomographs
represent the generally-accepted engineering standard for preliminary sizing
of street-crossing structures. Unfortunately, these nomographs assume a
ponded or "still" water condition at the inlet of structures, which is not the
prevailing situation at most locations within the study area bec. e of the
high approach velocities of upstream channels.

Therefore, use of the HEC-5 nomographs to size structures under the above
conditions results in street-crossing structures which are typically about
twice the width of the approach channel. Because of the steep slopes and high
approach velocities which prevail within the study area, it is preferable to
base the design of street-crossing structures on a detailed analysis performed
at the time that improvements are made. In view of the above circumstances,
it is recommended that the dimensions of most street-crossing improvements
(where not called out in the plan ) be determined at the time of final design.
However, because of the need to assess the costs associated with these types
of improvements, a simplified design discharge vs. cost relationship was used
to determine cost estimates for all locations where street-crossing improve-
ments are recommended. In developing the above-referenced cost estimates,
typical street widths of 50, 70, and 90 feet were assumed for roadways desig-
nated as collectors, arterials, and principal arterials, respectively, within
the City of Sierra Vista's Long-Range Transportation Plan.

2aled Detention/Retention Design

The conceptual design of detention/retention facilities was accomplished
using the reservoir-routing procedures available as a part of the U.S. Army
Corps of Engineers HEC-1 flood-hydrograph computer program utilized for this
study effort. These procedures were used to determine outflow hydrographs for
various conceptual basin configurations.

Three basic criteria were adhered to for determining basin design re-
quirements. First, in locations where the channel downstream of the proposed
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facility was well-defined, the detention/retention facility was sized to
reduce the 100-year peak outflow to a value equal to one-quarter of the esti-
mated bank-full capacity of the downstream reach. This value was chosen in
order to provide an outflow discharge that would be small enough to preclude
the need for downstream channel improvements which would otherwise be
necessary in order to mitigate erosion potential caused by decreased sediment
supply to the channel system. Second, in locations where the downstream chan-
nel was undefined, or of 1limited capacity, the detention/retention facility was
sized to reduce the 100-year peak outflow to a value equal to either a maximum
of approximately 500 cfs; or to less than 50 cfs, depending upon what type of
recommendations were to be proposed for the downstream channel. These loca-
tions represent areas where the concept of the Flood and Erosion Control
Corridor (FECC), to be discussed in further detail in Section 2.2 and 2.3, was
proposed for use. The 500 cfs criteria was applied in those instances where
200-foot-wide FECCs were recommended downstream; while the 50 cfs criteria
was applied in those instances where 100-foot-wide FECCs were recommended
downstream, or where the existing drainageway/easement was adequate to accom-
modate this minimal discharge.

Third, in determining the conceptual basin designs, a simplistic geome-
tric configuration was used to size the basins in order to simplify the pro-
cess of developing variations in the stage/storage-outflow characteristics of
the basins, which are required in order to perform the reservoir-routing
referenced above. The configuration used in most cases was a square-bottomed
basin, with side-slopes of four horizontal to one vertical and a maximum depth
of six feet. In general the six-foot maximum depth criteria was adhered to,
where possible, in order to avoid proposing facilities which might fall under
the juristiction of the Arizona Department of Water Resources Dam Safety Divi-
sion. Such facilities typically are required to meet stringent design
requirements, which often make their costs prohibitive. The basin configura-
tions shown as a part of the conceptual plans are typically those resulting
from the use of the geometric constraints described above, except where
existing development dictated a more-detailed evaluation. For those locations
where "retention-only" improvements are proposed, the improvements are repre-
sented on the conceptual plan sheets with a dashed circular configuration to
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differentiate them from the other proposed facilities. The simplistic geome-
tric presentation of the basins, as shown on the conceptual plans, is not in-
tended to suggest that more cost effective and/or environmentally sensitive
designs are not feasible, or practical. Rather, they are merely intended to
yield a conceptual idea of the size of the facility needed, and to show the
intended location of the proposed facility. The determination of the ultimate
configuration of each facility is largely a design problem to be determined at
the time of final design.

The analysis performed as a part of this study with regard to detention/
retention facilities focused upon establishing the hydraulic requirements
which would produce the necessary reductions in downstream peak discharge, as
described above. As such, the proposed facilities shown on the conceptual
pians and fiqures do not reflect accommodations necessary to account for
storage for beneficial use, sediment storage, or multi-use or aesthetic
requirements. However, because of their importance to the overall surface-
water-management concept, the cost estimates for detention/retention facili-
ties do include a factor to account for additional land-acquisition require-
ments which might be associated with these types of improvements. For those
locations where "retention-only" improvements are proposed, the cost estimates
for such improvements wére based solely on land-acquisition requirements that
incorporated a conservative basin-size estimate of ten acres, which was also
adjusted upward by the factor discussed above.

2.1.5 Erosion Potential

Standard setbacks for erosion protection were developed for those reaches
where channel stabilization is not proposed. Dependent upon drainage area
contributing to the watercourse, two primary setbacks were determined as being
adequate for long-term erosion protection, based upon setback criteria esta-
blished in other communities in the arid-southwest environment and supported
by an analysis of one of the larger washes within the study area. The general
erosion setback criteria utilized are described below:

- 50 feet from the edge of the primary channel bank, for water-
courses draining watersheds of 0.2 to 1.5 square miles in

size.
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- 100 feet from the edge of the primary channel bank, for water-
courses draining watersheds of more than 1.5 square miles in
size.

As stated above, these erosion-setback criteria are very general in
nature, due to the scope of this project. Nevertheless, the abbve criteria
should provide an ample erosion-protection buffer, when used as defined above,
unless unusual conditions exist. For watercourses where unusual conditions do
exist, building setbacks will be established on a case-by-case basis by the
City or County; or an engineering study, which establishes safe setback
Timits, may be performed by a Registered Civil Engineer and be approved by the
City or County. Unusual conditions may include, but are not necessarily
limited to, historical meandering of the watercourses; large excavation pits;
poorly defined or poorly consolidated banks; natural channel armoring; proxi-
mity to stabilized structures, such as bridges or rock outcrops; and changes
in the direction, amount, and velocity of the flow of waters within the water-
course. _

The selection of a lower limit of 0.2 square miles in watershed size for
establishing setback criteria was largely a function of the limitation of the
scope of the study, which did not allow for incorporation of systems which
fell below this Tlower limit. Variations of the above criteria were used in
cases where runoff was from an upstream detention/retention facility. The
uses for the setback criteria described above are discussed in more detail in
Sections 2.2. and 2.3.

2.2 Management Concepts

In general, four different categories of techniques for surface-water
management were utilized in the evaluation and development of the plans for
the major basins within the study area. The four categories are:

1) Maintenance of existing drainage policies;

2) Development/implementation of new floodplain-management poli-
cies;
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3)  Construction of flood-control channels; and

4) Construction of detention/retention facilities with outflow
structures.

Each one of the four categories represents a specific approach to surface-
water-management, and each incorporates varying degrees of structural and non-
structural elements which can be applied during the development of the manage-
ment plan. The four management categories listed above, along with their
relative merits and drawbacks, are discussed in Section III of the Phase-II
report referenced earlier (i.e., "Presentation of Basin-Management Alter-
natives for Sierra Vista Surface Water Plan"). The reader is referred to this
report for a more thorough treatment of these concepts.

In evaluating and developing the plans for the eight major basins within
the study area, two distinct regions were identified as being suited to dif-
ferent approaches for the management of surface waters.

The first of the two regions is the existing urban area within and imme-
diately adjacent to the city. This region primarily includes those drainage
elements within the Graveyard Gulch Basin, the Woodcutter's Canyon Basin, and
the most northwest portions of the Coyote Wash Basin. In these areas, exist-
ing development has, by and large, already dictated the contraints within
which effective stormwater management can be accomplished. Along many of the
reaches within these areas, the preferred method of managing surface waters
was category three, "Construction of flood-control channels". This category
was preferred in these areas, in general, because of existing encroachment
upon the drainageways and washes, and the limited availability of space for
accommodating less structurally intensive solutions to existing problems.
However, even in these areas, the detention/retention concept (category 4 abo-
ve) was utilized along some reaches through incorporation of the newly
constructed detention facilities associated with the Buffalo Soldier Trail
roadway improvement project; and through proposals for new facilities at iso-
lated, less densely developed locations within the urban area.

The second region includes those areas lying primarily outside of the
existing urban area, where the streams and washes have not as yet been affect-
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ed by man's activities. 1In these areas, it was generally deemed more appro-
priate to attempt to maintain the existing network of drainageways and water-
courses, where feasible and practical, while still allowing for future expan-
sion of the city to take place in a manner which provides for the safety and
welfare of the public. In keeping with the above goals, the detention/reten-
tion and floodplain-management concepts (categories 2 and 4 above) were -
adopted in order to effect a general reduction in the potential for flooding
problems along many reaches in these areas; while, at the same time, allowing
for the development of new floodplain-management policies that would provide a
means by which the natural drainage systems can be maintained.

A key aspect of the type of proposals made for the undeveloped areas,
described as being a part of the so-called second region, is the importance of
implementing floodplain-management policies which will facilitate the main-
tenance of the existing drainageways and watercourses, and thereby discourage
the use of man-made systems for the control of flooding and erosion potential.
The natural drainage systems which exist generally tend to represent systems
which are in a state of dynamic equilibrium, and which have evolved in a
manner that accommodates the runoff and sediment loads conveyed through them.
In general, the drainageways and watercourses within these systems have deve-
loped mechanisms, such as vegetation and armoring, which act to stabilize the
horizontal and vertical alignment of the channel. Often times when structural
channel improvements are made, they can prove to be inadequate over the long
term, or incompatible with adjacent improvements; and they eventually fail or
prove to be costly maintenance problems. Other times when improvements are of
sound design, they have the cumulative effect of increasing the overall effi-
ciency of the drainage system to the point where the system is capable of
generating flood peaks of much higher magnitude than the previously "unim-
proved" system, with the result often being the development of unanticipated
or previously non-existent flooding problems and flood-prone areas downstream
of such improvements. When making policy, proper floodplain management
involves the consideration of the larger system; rather than simply evaluating
proposed improvements, or alterations to the drainage system, on an isolated
basis, independent from one another.

In keeping with the considerations discussed above, two distinctive
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floodplain-management concepts were developed for use in the outlying, undeve-
loped areas. The first of these is the concept of the Natural Drainageway
Maintenance Corridor (NDMC). Implementation of this management tool utilizes
a three-level setback criteria for preventing encroachment of urbanization
within the confines of the natural drainageway. The three-level setback cri-
teria, described in detail in Section 2.3, utilizes both quantitative and
qualitative restrictions on encroachment of the natural ‘drainageway. The
guantitative limitations include consideration of the 100-year floodway and/or
the erosion-setback criteria, as discussed in Section 2.1.5. The qualitative
constraints include observance of the limits of the natural riparian vegeta-
tion zone. While this latter restriction may appear somewhat arbitrary and
il1-defined at first glance, natural vegetation usually forms a fairly well-
defined belt along drainageways, as indicated by the delineation of the NDMCs
proposed as a part of this study (i.e., see the accommpanying plan sheets).
The natural vegetation zone is perhaps one of the simplest, time-tested indi-
cators of the historic limits of flooding and erosion potential. In view of
it's use as an indicator of flood and erosion potential, and it's immeasurable
value as a stabilizing influence on the channel, the natural vegetation zone
provides an excellent standard upon which to base a setback criteria for main-
tenance of the natural drainageway.

The second floodplain-management concept is the Flood and Erosion Control
Corridor (FECC). The concept of the FECC was created in an attempt to address
the problems associated with the many drainageways in the outlying areas which
are either very poorly defined, or lack definition entirely. These reaches
typically drain long, narrow watersheds; and are characteristically very wide,
brushy, and shallow, and lack a defined low-flow, sand-bed channel. The FECC
designation was created to provide a means of setting aside a defined corridor
for conveyance of runoff, and to provide a flood-hazard and erosion-hazard
buffer. Presently, these watercourses indicate the potential for inundation
of very wide areas. In some instances, the direction of flow within these
areas can only be described as being "random", at best. The FECC designation
was created in order to provide a means of setting aside a defined corridor
for conveyance of runoff, and for providing a flood-hazard and erosion-hazard
buffer adjacent to this defined drainage corridor. The explicit criteria for
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both the FECC and NDMC are discussed in greater detail in both Section 2.3 and
Section III, the latter providing an in-depth description of the specific plan
for each of the eight major basins.

2.3 Proposed Regulatory Provisions

This section describes the regulatory provisions which are proposed for
adoption by the City of Sierra Vista as a part of the surface-water plan.

tsdsl Hydrology
As a part of implementing the plan, it is recommended that the flood-peak

discharges developed using the U.S. Army Corps of Engineers HEC-1 flood-
hydrograph computer program, as described in Section 2.1.1, be used in plan-
ning drainage improvements for those areas where HEC-1 modeling was performed.
It is also recommended that if drainage improvements are made which vary from
those proposed as a part of this plan, the HEC-1 model should be modified, as
necessary, to reflect the proposed improvements so that changes in flood
hydrographs resulting from such variances can be appropriately determined.

In those areas where HEC-1 modeling was not performed as a part of the
Phase-III analysis, it 1is recommended that the peak discharges developed
during the Phase-I study effort, by employing the Pima County Peak Discharge
Method, be used in planning drainage improvements in such areas. Because the
“future-conditions" peak discharges developed during Phase I were based on
very generalized projections of development in the currently undeveloped por-
tions of the study area, it is recommended that these peak-discharge values be
reviewed when proposed development varies from that projected by the City's
"Vista 2000" planning document.

Table 2.3.1.1, which follows, provides a comparison of the results of the
Phase III hydrologic analysis with that of the Phase I analysis. Peak
discharges determined during the Phase III analysis for various points within
the major basins are shown along with the peak discharges determined as a part
of the Phase I analysis, which appear in the Phase I report referenced in Sec-
tion I. It should be noted that the peak discharges listed under the "Future
Phase III" heading reflect the implementation and/or construction of the
various drainage improvements and/or policies proposed as a part of the over-
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all surface-water plan. Documentation of the HEC-1 analyses are contained in
Appendix A.
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TABLE 2.3.1.1 :
COMPARISON BETWEEN PHASE-I AND PHASE-III
HYDROLOGIC ANALYSES

SLA, INC.

Q100 (cfs)
LOCATION EXISTING FUTURE
' PHASE 1 PHASE II1 PHASE 1 PHASE TIT*

FAB AVENUE DRAINAGE AT:
- Seventh Street 853 894 952 711
VISTA VILLAGE DRAINAGEWAY AT:
- The Highway-90 Bypass 1217 1325 1408 1233
WOODCUTTER'S CANYON WASH AT:
- Buffalo Soldier Trail 4335 4335 4335 4335/2100
- Buena #3 Drainageway

Confluence 3785 3898 4280 2048
THIRD STREET DRAINAGEWAY AT:
- Buffalo Soldier Trail 731 731 731 731/23
- Fry Boulevard 1536 1614 1572 1366
BUENA #3 DRAINAGEWAY AT:
- MWoodcutter's Canyon Wash

Confluence 2064 2251 2167 2165
CHARLESTON WASH AT:
- Coronado Drive 4903 4193 5618 3240
- The Highway-90 Bypass 4583 4096 5855 4213
- Moson Road 4345 4268 7415 6495

(CONTINUED ON NEXT PAGE)
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TABLE 2.3.1.1 (CONTINUED)

0100 (cfs)

LOCATION EXISTING FUTURE
PHASE 1 PHASE 111 PHASE 1 PHASE ITI*

BUENA HIGH SCHOOL DRAINAGEWAY
AT:

- The Highway-90 Bypass 983 886 1031 886/42

- Montebello Drainageway
Confluence 878 771 1263 231

TOWN AND COUNTRY MIDDLESCHOOL
DRATNAGEWAY AT:

- Moorman Avenue 1087 985 1531 1194/32
KINGS MANOR DRAINAGEWAY AT:
- Highway 90 1944 2126 2452 530
MONTEBELLO DRAINAGEWAY AT:

- Upstream of Buena High
School Drainageway 2497 2842 3162 1901

- Downstream of Buena High
School Drainageway 3359 3392 4337 2132/251

COYOTE WASH AT:

- Buffalo Soldier Trail 1079 1079 1079 1079/51
- South Garden Drainageway

Confluence 1712 1926 1932 1806/217
- Highway 92 4588 4970 6088 1094

- Highway 90 4251 4841 5913 567

(CONTINUED ON NEXT PAGE)
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TABLE 2.3.1.1 (CONTINUED)
0100 (cfs)
LOCATION EXISTING FUTURE
PHASE T PHASE III PHASE 1 PHASE TIT*

SUMMIT DRAINAGEWAY AT:
- Buffalo Soldier Trail 1056 1056 1056 1056/179
- South Garden Drainageway

Confluence 1152 1173 1523 1234
SOUTH GARDEN DRAINAGEWAY AT:
- Buffalo Soldier Trail 2229 2229 2229 2229/416
- Upstream of Summit

Drainageway Confluence 2199 2193 2802 1832
- Downstream of Summit

Drainageway Confluence 3463 3351 4374 2822/440
- Coyote Wash Confluence 3179 3446 4439 975
COUNTRY CLUB ESTATES
DRAINAGEWAY AT:
- (Garden Loop 957 957 957 957/33
- Highway 92 1139 1124 1206 768
P.D.S. SOUTH DRAINAGEWAY AT:
- The Avenida Del Sol

Alignment 1793 1766 2533 1799/96
MOUNTAIN MESAS DRAINAGEWAY AT:
- Highway 90 1642 1537 2895 1298

(CONTINUED ON NEXT PAGE)
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TABLE 2.3.1.1 (CONTINUED)

0100 (cfs)

LOCATION EXISTING FUTURE
PHASE 1 PHASE III PHASE 1 PHASE ITI*

AVENIDA DEL SOL DRAINAGEWAY
AT:

- Highway 90 984 866 1531 1157
DONNET-FRY WASH AT:
- Coyote Wash Confluence 6624 8133 10226 152
- Moson Road 6169 7765 9058 3402
LEWIS SPRINGS WASH AT:
- Highway 90 1601 1500 2496 1075
- Moson Road 1719 1743 2603 1776
BAKARICH-McCOOL WASH AT:
- Moson Road 1813 1716 2626 2781
GARDEN CANYON WASH AT:
- Highway 92 7870 7837 8373 2625
- Moson Road 6950 7439 8167 5996
RAMSEY CANYON WASH AT:
- Highway 92 4085 4418 4085 325
- Moson Road 4174 3798 4370 2031
RICHARDS RANCH WASH AT:

- Ramsey Canyon Road 2557 2557 3008 3008/32

(CONTINUED ON NEXT PAGE)



SLA, INC.
19

Future-conditions, Phase-III peak discharges shown assume implemen-
tation of improvements proposed as part of the surface-water plan
(i.e., channel improvements, detention/retention, etc.). Where a
detention/retention facility has been proposed at the point of con-
centration identified in the table, both the incoming and outgoing
discharges are shown (e.g., 4335/2100).
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2« Bl Streets and Street Crossings

The following design criteria were developed to supplement and, where
applicable, supercede the City's existing design criteria for design of public
and private drainage improvements for streets and street crossings:

For longitudinal (i.e., along and within) flow in streets:

a) For arterial and collector streets, it is recommended that
storm drains be constructed to accommodate the 10-year flood,
where needed, such that there is one dry lane of traffic pro-
vided in each direction during the 10-year-flood and that the
depth of flow at the gutter 1line during the 100-year flood,
does not exceed one foot, when considered in combination with
the storm-drain system. The City's present standard for
arterial and collector streets is described below (i.e., Item
[el, page 9, of the City's current Drainage Design Manual).

b) For local streets, it is recommended that the City's existing
standard be maintained (Item [el], page 9, of the City's current
Drainage Design Manual). That is, "For longitudinal flow in
streets, the depth at the gutter line shall not exceed 0.6 feet
for the 10-year discharge and 1.0 foot for the 100-year
discharge."

For street-crossings:

a) For those arterial and collector streets where the 100-year
peak discharge crossing the street is 500 cfs or more, it is
recommended that the entire 100-year discharge be conveyed
under the street, with no flow across the roadway. Where the
100-year discharge is less than 500 cfs, it is recommended that
the City's existing standard be maintained (Item [b], page 8, of
the City's current Drainage Design Manual). That is, "For
drainageways or open channels crossing an arterial or collec-
tor street, culverts or other drainage structures must be pro-
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vided to pass the 10-year discharge under the roadway. The
maximum depth of flow over the roadway shall be 0.5 feet for
the two center lanes (24 feet) for arterial streets and 0.7
feet for collector streets for the 100-year discharge and this
discharge must be contained within the dip section. Also, the
roadway must be contained between concrete headwalls at the dip
section."

b.  For Tocal streets, it is recommended that the City's existing
standard be maintained. (Item [al, page 8, of the City's
current Drainage Design Manual). That is, "For drainageways or
open channels crossing a local street, there will be no pipe
requirement or depth restrictions if there is at least one all-
weather access route available to all buildings in the area to
be developed; otherwise, all-weather access must be provided.
All-weather access is achieved if the depth of cross-drainage
over the center lane of the roadway (12 feet) does not exceed
0.7 feet for the 100-year discharge. A concrete crossing with
headwall is required if no underground drainage structure is
provided."

A more complete listing of the City's existing street-design standards is
contained in Appendix C, at the end of this report.

The design recommendations proposed above were developed from review of
street-drainage design criteria used in other localities within the arid-
southwest environment, as well as from review of the relative value of dif-
ferent levels of street-drainage improvements. It is recommended that the
Pima County Hydrology Method, as described in the "Hydrology Manual for Engi-
neering Design and Flood Plain Management Within Pima County, Arizona," Sep-
tember 1979, be used for determining flows along and across streets, where
such flows are not addressed in Section 2.3.1 of this report.

2+3+3 Channel Design

For channel reaches draining watersheds of less than 0.2 square miles, it
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is recommended that the city's existing drainage policies, as described in
the City's current Drainage Design Manual, be maintained. Recommendations for
reaches draining larger watersheds are contained in the following section, and
in Section III,

2.3.4 Floodplain-Management Provisions

In keeping with the floodplain-management goals discussed in Section 2.2,
it is recommended that the following two floodplain-management policies be
incorporated into the City's floodplain ordinance for use in those areas where
their implementation is recommended as a part of the basin plans described in
Section III.

2.3.4-1 Natural Drainageway Maintenance Corridor (NDMC)

The Natural DOrainageway Maintenance Corridor (NDMC) shall be defined as
follows: |

a) The 100-year floodway; or,
b) The limits of the riparian vegetation zone; or,

c) A 50-foot setback from each bank of the low-flow channel,
for watercourses draining watersheds of 0.2 to 1.5 square
miles; or a 100-foot setback from each bank of the low-flow
channel, for watercourses draining watersheds greater than
1.5 square miles.

Whichever of the above (a, b, or c) is most restrictive shall control. It
is proposed that no development and/or improvements be allowed to occur within
the NDMC, except for associated drainage structures and open-space/recreation
uses that are compatible with the intended use and purpose of the NDMC. The
intended purpose is to maintain a continuous flood-hazard and erosion-hazard
buffer along the channel, as well as maintain and preserve the mature riparian
environment adjacent to the channel along most reaches of the wash (which
tends to provide a natural stabilizing influence on the channel, reduce ero-
sion, and enhance water preservation goals). Maintenance access should be
obtained at roadway crossings and at other public right-of-way crossings where
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improvements are limited to crossing points. Where improvements are made
along the corridor, as allowed above, 20-foot-wide maintenance easements
should be incorporated into such improvements on at least one side of the
watercourse, and preferably on both sides, where feasible.

It is important to note that implementation of the NDMC concept is in no
way intended to allow improvements which violate the regulations of the Fed-
eral Emergency Management Agency, with regard to floodway encroachments.

2.3.4-2  Flood and Erosion Control Corridor (FECC) _
The Flood and Erosion Control Corridor (FECC) shall be defined as
follows:

- A 200-foot-wide to 300-foot-wide strip composed of

a) Either a 40-foot-wide or a 100-foot-wide drainageway, centered
on the FECC, within which drainage improvements can be made;
and,

b)  Setbacks for flood and erosion protection measuring 50 feet
from each side of the 100-foot-wide drainageway for watercour-
ses draining watersheds of 0.2 to 1.5 1.5 square miles; or
100-foot setbacks from each side of the 100-foot-wide draina-
geway for watercourses draining watersheds greater than 1.5
square miles. The setback restriction may be reduced to 20
feet from the top-of-bank in instances where improvements are
made within the 100-foot-wide drainageway in order to accom-
modate the 100-year flood (see requirements for 100-year-
design improvements noted below).

Where implementation of the FECC results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the limits of the FECC will require floodplain mapping.

Improvements within the 100-foot-wide drainageway of the FECC, defined
in (a) above, should adhere to the following restrictions:

a) Excavation of a channel designed to accommodate 1.25 times the
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100-year peak discharge (with appropriate freeboard) should be
required when the discharge is from a detention/retention
facility;

b) Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30, and side slopes no
steeper than 3:1;

c) Channel lining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;

d) Where deemed appropriate or necessary, channel lining should be
accomplished using native vegetation and/or materials which
have a minimal visual impact. Channel lining using concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible reqgulatory agency; and,

e) Where deemed appropriate or necessary by the responsible regu-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year-
design improvements are made. The 100-year-design improvements
must include bank stabilization, with appropriate freeboard,
and grade-control improvements to assure maintenance of long-
term bed stability.

[t is proposed that only the types of improvements described above be
allowed to occur within the FECC. Where improvements are made within the
FECC, 20-foot-wide maintenance easements should be provided within the flood-
and erosion-protection setbacks on at least one side of the drainageway, and
prefereably on both sides, where feasible. It is recommended that proposals
to make extensive channel improvements within the FECC (as allowed within the
above provisions) be scrutinized carefully to ensure that the interests of the
parties proposing the improvements are balanced against the greater interests
of the community, which are to achieve the stated goals of maintaining the
overall integrity of the existing drainage systems.
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The channel design parameters recommended for use in making improvements
within the FECC are intended to provide a means for improving channel capacity
and reducing flood-prone areas, while still maintaining a relatively "natural®
channel. The 3:1 side slope limit is recommended in order to limit bank ero-
sion and to provide for the safety of the public. The limiting width-to-depth
ratio of 30 to 1 is proposed in order to 1limit the potential for the channel
to entrench and form a narrow, more efficient Tlow-flow channel, a phenomena
which tends to occur under higher width-to-depth conditions. This condition
can lead to "internal channel meandering", and a subsequent increase in
streambank erosion.

[t is important to note that implementation of the FECC concept is in no
way intended to allow improvements which violate the regulations of the Fed-
eral Emergency Management Agency with regard to floodway encroachment.

2.3.5 Recommended Interim Policies During Plan Implementation

This section discusses the policies intended to address some of the con-
tingencies which might occur during implementation of the proposed plan. Spe-
cifically, this section discusses interim policies which should be used in

regulating development which might occur prior to or concurrent with implemen-
tation of improvements or policies proposed as a part of the plan.

In general, phasing of the implementation of the plan should be guided by
the schedule provided in Section IV of this report, which describes the pro-
posed Capital Improvement Plan. However, there may arise conditions, par-
ticularly along channel reaches where upstream detention is proposed, where
development adjacent to the watercourse will occur prior to implementation of
key elements of the plan.

Along those channel reaches where the NDMC and/or FECC concepts are pro-
posed for implementation in conjunction with upstream detention/retention, it
is recommended that development which occurs prior to implementation of up-
stream detention/retention (including all upstream facilities proposed as a
part of the plan), be regulated by prohibiting developments within the
existing-condition (i.e., uncontrolled) 100-year flood plain. The existing
100-year flood plain should be determined using the hydrologic data developed
as a part of Phase I of this study, as discussed in Section 2.3.1. Prohi-
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biting development within the 100-year flood plain under the above conditions
will maintain the integrity of the plan by discouraging improvements which are
contrary to the intent of the plan. In those areas where structural channel
improvements, such as bank stabilization and/or installation of grade-control
structures, are proposed as a part of the surface-water plan, it is recom-
mended that development which occurs prior to implementation of upstream
detention/retention be required to construct improvements to accommodate the
existing-condition, 100-year flood peak.

In addition to maintaining the integrity of the overall plan, these
interim regulatory approaches will have the beneficial effect of encouraging
private-sector participation in the implementation of the detention/retention
components of the plan in an effort to reduce the costs and/or restrictions
associated with developing under the assumption of uncontrolled conditions.
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ITI. DETAILED BASIN-MANAGEMENT PLANS

The following sub-sections discuss the various proposals and recommen-
dations for each of the eight major basins within the study area. Each of the
following sub-sections contains a brief narrative describing existing con-
ditions within the basin, a description of the reconnaissance-level plan
selected for the basin as a result of the Phase II process of the study, a
brief description of the overall plan developed as a part of the Phase III
analysis, and a number of sub-sections which provide more-detailed information
regarding the recommendations for improvements and management of the various
drainage elements within the basin. Also included within the following sub-
sections are conceptual figures showing proposed improvements and preliminary
cost estimates for the improvements proposed. The individual basin plans, .
which follow, incorporate the methodologies and assumptions, management con-
cepts, and proposed regulatory provisions discussed within the previous sec-
tion of this report.

3.1 Soldier's Creek Basin

Soldier's Creek is the most northwestern basin within the study area.
The channel reach under consideration as a part of this study runs from
Buffalo Soldier Trail (upstream end) north to the State Highway-90 Bypass.
Development along the channel is residential and industrial. The channel is
in a primarily natural state, with significant riparian growth along most of
its length. Unlike most of the channels within the study area, Soldier's
Creek appears to experience low-flows on a relatively frequent basis.
Existing channel and culvert capacities through this reach are inadequate to
convey the 100-year peak discharge. As a result of the inadequate drainage
conditions, considerable flooding of adjacent residential and industrial
Structures is anticipated during the 100-year event. Because of the extremely
large storage volume (and therefore land requirements) associated with imple-
menting effective floodwater detention, as well as the relatively short chan-
nel segment affected by such improvements, detention/retention was not con-
sidered a viable flood-control alternative for this basin.,
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The paragraph below summarizes the surface-water management plan selected
for the Soldier's Creek Basin as a result of the Phase-II evaluation process:

PROVIDE 10-YEAR CHANNELIZATION WITH BANK PROTECTION. IM-
PROVE CULVERT CROSSINGS AT KAYETAN DRIVE AND HIGHWAY-90
BYPASS TO PROVIDE 100-YEAR CAPACITY.

The following sub-sections describe the improvements and policies pro-
posed for each of the reaches within the Soldier's Creek Basin. Table 3.1.1,
which follows the above sub-sections, lists the estimated quantities and costs
for the proposed improvements.

3.1.1 Soldier's Creek

3.1.1-1 Buffalo Soldier Trail to North Garden Avenue

It is proposed that this short reach be improved as proposed in the
memorandum of June 25, 1986, from Simons, Li & Associates, Inc., to the City
of Sierra Vista, which discussed the results of a hydraulic analysis performed

for this reach under a separate study. The improvements proposed as a part of
the referenced study include channel excavation and bank lining of the reach,
and the addition of a 12-foot-wide by 10-foot-high (12' x 10') cell to the
existing 4-cell, 12' x 10' CBC structure at North Garden Avenue. It should be
noted that under the design conditions proposed in the above-referenced study,
either leveeing of the channel bank or filling of the overbank areas would be
required in order to protect the adjacent areas from flooding during the
100-year event. Because of the short length of the reach, and the lack of
upstream urbanization, grade stabilization does not appear necessary for this
reach.

The proposed conceptual improvements are shown, in plan view, on sheet 13
of the conceptual plan-sheet set. Figure 3.1A shows the conceptual channel
cross section proposed for the reach. Supporting calculations for the design
criteria indicated on the afore-referenced sheets and figures are contained in
the memorandum referenced above.
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3.1.1-2  North Garden Avenue to Highway-90 Bypass

One of the primary goals of surface-water management for the basin is
preservation of the existing, mature riparian environment along the channel.
However, peak discharges predicted for this reach (Q100 = 9100 cfs* and Q10 =
3200 cfs*) are relatively high. Because of this, it does not appear that
channelization and/or bank protection to any reasonable design level would be
possible without significant destruction of the existing environment.

In view of the above constraints, it is recommended that this channel
reach be managed by non-structural methods. It is proposed that detailed
100-year floodplain mapping of the reach be performed. It is also recommended
that existing floodprone structures be identified, and owners be advised to
purchase flood insurance through the Federal Emergency Management Agency's
(FEMA) National Flood Insurance Program.

It is further proposed that future development be required to observe a
Natural Orainageway Maintenance Corridor (NDMC). The NDMC shall be defined
as follows: i

a) The 100-year floodway; or,
b) The limits of the riparian vegetation zone; or,

c) A 100-foot setback from each bank of the low-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open-
space/recreation uses that are compatible with the intended use and purpose of
the NDMC. The approximate aerial extent of the NOMC, as described above, is
shown on Sheet 13 of the Conceptual Plan-Sheet Set. A detailed determination
of the limits of the NDMC will require floodplain mapping of the wash.

In addition to the above proposals, it is recommended that the existing
culvert crossings at Kayetan Drive and the Highway 90-Bypass be rep]ated with
100-year design bridge and/or culvert structures. The design of such struc-
tures would be based on a detailed hydraulic analysis.

* Based upon Phase-I Analysis,
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TABLE 3.1.1

QUANTITIES AND COST ESTIMATE "
FOR SOLDIER'S CREEK BASIN IMPROVEMENTS

SLA, INC.

ITEM QUANTITY UNIT COST TOTAL COST
CHANNEL EXCAVATION:
a) Soldier's Creek
- Buffalo Soldier
Trail to N. Garden 3 3
Avenue 1,500 yd $2/yd $ 3,000
BANK PROTECTION:
a) Soldier's Creek
- Buffalo Soldier
Trail to N. Garden 3 3
Avenue 4,770 yd $30/yd $ 143,000
STREET-CROSSING STRUCTURES:
a) Soldier's Creek
- at N. Garden Ave. 87 yd® $275/yd> § 24,000
- at Kayetan Drive 605 yd° $275/yd> $ 166,000
- at Highway 90 Bypasq 1,089 ydS $275/yd> $ 299,000
Estimated Improvement Costs: $ 635,000
Engineering and Construction Management
@ 15% of Estimated Improvement Costs: $ 95,000
Contingencies @ 20% of Estimated Improvement Costs: $ 127,000
TOTAL ESTIMATED COST: $ 857,000

* Costs shown are to nearest $1,000.

Except where noted, costs

do not include right-of-way acquisition necessary for improve-

ments.
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3.2 Graveyard Gulch Basin

The Graveyard Gulch Basin is located along the north edge of the city,
primarily within Section 25, 34 and 35, Township 21 South, Range 20 East.
Drainage elements within the basin include: Fab Avenue Drainage, Vista
Village Drainageway, and Graveyard Gulch. The headwaters of the basin are
located entirely within the Sierra Vista urban area. The channel segments
located south of the Highway-90 Bypass (Fab Avenue drainage and Vista Village
Orainageway) run primarily through heavily-urbanized areas, and have been
improved. On the other hand, Graveyard Gulch runs through a relatively unde-
veloped residential area north of the Bypass, and is in its natural state.

Most channel reaches and culvert crossings are adequate to convey the
100-year discharge, with the exception of the Fab Avenue drainage. Here flow
is along streets and through inadequate channel sections. In addition, cul-
vert crossings at Seventh Street and the Highway-90 Bypass (Vista Village
Drainageway) have considerably less than the 100-year capacity. The Graveyard
Gulch Drainageway does not appear to need any significant modifications, as’
proposed under any of the alternative-concept headings.

The following three paragraphs summarize, on a reach-by-reach basis, the
basic surface-water management plan selected for the basin as a result of the
Phase-II Evaluation Process:

FAB AVENUE DRAINAGE: CONSTRUCT DETENTION FACILITY IN THE
VICINITY OF DRAINAGEWAY CROSSING OF ABANDONED RAILROAD TO
REDUCE DOWNSTREAM FLOODING PROBLEMS. IMPLEMENT OTHER NON-
STRUCTURAL  ALTERNATIVES (FLOOD INSURANCE, PURCHASE OF
FLOODPRONE LANDS, ETC.) FOR THOSE AREAS WHICH ARE NOT
AFFECTED BY DETENTION.

VISTA VILLAGE DRAINAGEWAY: CONSTRUCT DETENTION FACILITY
UPSTREAM OF HIGHWAY-90 BYPASS TO ELIMINATE NEED FOR
REPLACING/IMPROVING CULVERT CROSSING AT BYPASS. MAKE IM-
PROVEMENTS, AS NEEDED, TO ADDRESS CHANNEL STABILITY UP-
STREAM OF HIGHWAY-90 BYPASS,

GRAVEYARD GULCH: CHANNELIZATION OF THIS DRAINAGEWAY IS NOT
NECESSARY. PROVIDE ALL-WEATHER ACCESS TO ALL RESIDENCES
WITHIN SECTION 25 (PRESENTLY CULVERT CROSSINGS AT SAN JUAN
CAPISTRANO AND SAN XAVIER DRIVES DO NOT PROVIDE ALL-
WEATHER ACCESS). PROVIDE DRAINAGE OF EXCAVATED AREA
LOCATED ON SOUTH SIDE OF SAN JUAN CAPISTRANO DRIVE. IM-
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PLEMENT NON-STRUCTURAL MEASURES TO ENSURE THAT EXISTING
FLOODPLAIN DOWNSTREAM OF HIGHWAY-90 BYPASS IS MAINTAINED
(I.E., PROHIBIT ENCROACHMENT/DEVELOPMENT, MAINTAIN RIPAR-
IAN ENVIRONMENT).

Because of the degree of development and the lack of adequate drainage
along Fab Avenue Drainage, both detention/retention and structural improve-
ments downstream of the proposed basin are being recommended for long-range
implementation. The study recognizes that the area through which this drain-
ageway runs represents an "inner-urban" area which will be subject to pressure
for re-development as completion of development in other areas makes renewal
of this area attractive. Consequently, it seems prudent to plan now for
future urbanization by proposing drainage improvements which will accommodate
such development.

Improvements proposed for Vista Village Drainageway include bank-
protection and grade stabilization to the 100-year-design level. Installation
of these channel improvements are recommended because of existing and antici-
pated urban encroachment on the channel, and because of the tendency of chan-
nels in the urban environment to meander and/or degrade, particularly when
upstream detention is proposed. Detention/retention is not being proposed on
this reach because of the minimal cost of the proposed improvements in com-
parison with the cost of implementing detention/retention.

Hydrologic modeling of the basin was performed utilizing the U.S. Army
Corps of Engineers HEC-1 flood-hydrograph computer program. The analysis was
performed assuming installation of the detention/retention basin proposed for
Fab Avenue Drainage.

The following sub-sections describe the improvements and policies pro-
posed for each of the major drainage elements within the Graveyard Gulch
Basin, Table 3.2.1, which follows these sub-sections, lists the estimated
costs for the proposed improvements.

Iusl Fab Avenue Drainage

3.2.1-1 At North Avenue
It is proposed that a detention/retention basin be constructed at this

site to effect reduction of downstream peaks and to serve as storage for water
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re-use. The location and orientation of the proposed basin are shown in plan
view on Sheet 13 of the Conceptual-Plan Sheet Set. Figure 3.2A shows the
typical cross-section for the proposed basin. This cross-section was deve-
loped considering minimum requirements necessary for the basin to hydrauli-
cally function as intended. At the time of final design, multi-use con-

siderations may dictate dimensions which vary from those indicated in Figure
Suihi,
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3.2.1-2  North Avenue to Canyon Avenue

It is proposed that this reach be improved to accommodate the 100-year
peak discharge emanating from the detention/retention basin proposed for
construction at North Avenue. The 100-year peak discharge for this reach,
considering detention, was estimated to be approximately 60 cfs, using the
U.S. Army Corps of Engineers HEC-1 flood-hydrograph computer program. A
fully-lined channel section is proposed for this relatively short reach,
because of the economic inefficiency associated with implementing grade stabi-
lization.

The proposed conceptual improvements are shown, in plan view, on Sheet 13
of the conceptual plan-sheet set. Figure 3.2B shows the conceptual channel
cross section for the reach. Supporting calculations for the design criteria
indicated on the previously referenced sheets and figures are-contained in
Appendix B.
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3.2.1-3 Canyon Avenue to Second Street

It is proposed that an underground storm-drain system be installed for
this reach to accommodate the 100-year peak flow, considering upstream deten-
tion. The 100-year peak discharge for this reach, considering detention, was
estimated to vary from approximately 260 cfs to 460 cfs, from upstream to
downstream, using the U.S. Army Corps of Engineers HEC-1 flood-hydrograph com-
puter program. The storm-drain system is proposed here because of the una-
vailability of a reasonable at-grade route for construction of an improved
drainageway.

The proposed conceptual improvements are shown, in plan view, on Sheet 13
of the conceptual plan-sheet set. Figure 3.2C shows the conceptual cross-
section for the reach. Supporting calculations for the design criteria indi-
cated on the previously referenced sheets and figures are contained in Appen-
dix B.



39 SLA, INC.

¢

ROADWAY

Inlet At Existing Channel On Canyon Drive,
Then North On Canyon Drive To Theater
Orive, East On Theater Drive To Second
Street And North On Second Street To
Outlet At Existing Channel

e————

2-60"RCP's (Smaller Or Fewer Pipes May Be Used At
Upstream End Of System Pending Detailed Analysis)

FIGURE NOT DRAWN TO SCALE.
ALL DIMENSIONS ARE APPROXIMATE
AND MAY VARY WITH FINAL DESIGN. FIGURE 3.2 C

'CONCEPTUAL STORM-DRAIN
CROSS SECTION FOR

FAB AVENUE DRAINAGE:
CANYON DRIVE TO SECOND STREET

Sa Simons, Li & AssociaTes, Inc.

—— Coloasdo Spares, CO. + Diman, CO. + Foar Collim, CO.
— Nowpoat Beach, CA, Phocin, AZ. + Tucsom, AZ.



SLA, INC.
40

3.2.1-4  Second Street to Seventh Street

It is proposed that this reach be improved to accommodate the 100-year
peak discharge, considering the effect of the detention/retention basin pro-
posed for construction at North Avenue. It is also proposed that the existing
culvert structure at Seventh Street be replaced with a 100-year-design bridge

or culvert structures; the design of such a structure, or structures, to be
based on a detailed hydraulic analysis. The 100-year peak discharge for this
reach, considering detention, was estimated to be approximately 700 cfs, using
the U.S. Army Corps of Engineers HEC-1 flood-hydrograph computer program.

The proposed conceptual improvements are shown, in plan view, on Sheet 13
of the conceptual plan-sheet set. Figures 3.2E and 3.2F show the conceptual
channel cross section and grade-control profile, respectively, for the reach.
Supporting calculations for the design criteria indicated on the previously
referenced sheets and figures are contained in Appendix B.
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InZwd Vista Village Drainageway

It is proposed that this drainageway be improved to accommodate the
100-year peak discharge, considering the effect of the detention/retention
basin proposed for construction on Fab Avenue Drainage at North Avenue. It is
also proposed that the culvert crossings at Tacoma Street and the Highway-90
Bypass be ‘replaced with a 100-year-design bridge and/or culvert structures;
the design of such a structure, or structures, to be based on a detailed
hydraulic analysis. The 100-year peak discharge for this reach, considering
detention, was estimated to be approximately 1200 cfs, using the U.S. Army
Corps of Engineers HEC-1 flood-hydrograph computer program.

The proposed conceptual improvements are shown, in plan view, on Sheet 14
of the conceptual plan-sheet set. Figures 3.2F and 3.2G show the conceptual
channel cross-sections proposed for the reach. Figure 3.2H shows the concep-
tual grade-control profile for the reach. Supporting calculations for the
design criteria indicated on the previously referenced sheets and figures are
contained in Appendix B.
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Sudud Graveyard Gulch
Because of the relatively low density of adjacent development, it is pro-

posed that this watercourse be protected to preserve the existing, natural
riparian environment along the channel downstream of the Highway-90 Bypass
(i.e., through Section 25, Townwhip 21 South, Range 20 East; and Section 30
Township 21 South, Range 21 East). It is proposed that future development
observe a Natural Drainageway Maintenance Corridor (NDMC), defined as
follows:

a) The 100-year floodway; or,
b)  The limits of the riparian vegetation zone; or,

c) A 50-foot setback from each bank of therlow-f1ow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open-
space/recreation uses that are compatible with the intended use and purpose of
the NOMC. The approximate aerial extent of the NDMC, as described above, is
shown on Sheets 15 and 17 of the conceptual plan-sheet set. A detailed
determination of the limits of the NDMC will require floodplain mapping of the
wash.

In addition to the above proposals, it is recommended that all-weather
access be provided to residences located to the east of the wash, and within
the south one-half of Section 25, Township 21 South, Range 20 East. This
could be accomplished by providing access to this area from the Highway-90
Bypass at a point east of the wash. It is further recommended that a culvert
structure be provided at the San Juan Capistrano Drive crossing of Graveyard
Gulch in order to alleviate ponding of runoff behind the roadway.
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TABLE 3.2.

1

QUANTITIES AND COST ESTIMATE "

FOR GRAVEYARD GULCH BASIN IMPROVEMENTS

SLA, INC.

ITEM

QUANTITY

UNIT COST

TOTAL COST

DETENTION/RETENTION BASIN

EXCAVATION:

a) Fab Avenue Drainage
- at North Avenue

CHANNEL EXCAVATION:

a) Fab Avenue Drainage

- 2nd Street to
7th Street

BANK PROTECTION:
a) Fab Avenue Drainage;

- North Avenue to
Canyon Avenue

- 2nd Street to
7th Street

b) Vista Village
Drainageway

CONCRETE GRADE-CONTROL
STRUCTURES AND TOE-DOWN
WALLS:

a) Fab Avenue Drainage

- 2nd Street to
7th Street

b) Vista Village
Drainageway

21,054 yd

1,250 yd

1,333 yd®

2,433 yd?

26,267 yd?

267 yd

1,633 ydd

3

$2/yd3

$2/yd

$30/yd2
$30/yd?

$30/yd?

$150/yd>

$150/yd

$ 42,000

$ 3,000

$ 40,000
$ 73,000

$ 788,000

$ 40,000

$ 245,000

(CONTINUED ON NEXT PAGE)
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ITEM

QUANTITY

UNIT COST

TOTAL COST

STORM DRAIN:
a) Fab Avenue Drainage

- Canyon Avenue to
2nd Street

STREET-CROSSING STRUCTURES:
a) Fab Avenue Drainage
- at 7th Street

b) Vista Village
Drainageway

- at Tacoma Street

- at Highway 90
Bypass

DETENTION/RETENTION
LAND ACQUISITION:

a) Fab Avenue Drainage

- at North Avenue

2x60"x1450"

211 yd3

150 yd3

365 yd>

157,000 ft2

$2/in/ft

$275/yd>

$275/yd>

$275/yd>

$2/Ft2

$ 348,000

$ 58,000

$ 41,000

$ 100,000

$ 314,000

Estimated Improvement Costs:

Engineering and Construction
Management @ 15% of Estimated

Improvement Costs:

Contingencies @ 20% of Estimated

Improvement Costs:

TOTAL ESTIMATED COST:

* Costs shown are to nearest $1,000.

ments.

$2,092,000

$ 314,000

$ 418,000

$2,824,000

Except where noted, costs
do not include right-of-way acquisition necessary for improv-
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3.3 MWoodcutter's Canyon Basin

The Woodcutter's Canyon Basin has its headwaters in the Huachuca Moun-
tains, and drains in a northeasterly direction, roughly bisecting the city.
Orainage elements within the basin include: Woodcutter's Canyon Wash, Third
Street Drainageway, Buena No. 3 Drainageway, and Charleston Wash. The portion
of the basin which lies within the city limits is relatively urbanized, with
residential development prevalent along many of the drainageways. The various
drainageways are a mixture of improved and natural segments. A1l reaches of
Third Street Drainageway and Buena No. 3 Drainageway have been altered to some
extent (i.e., cleaned, straightened, excavated, lined, etc.), with few seg-
ments remaining which have not been encroached upon by residential and commer-
cial development. Woodcutter's Canyon Wash is primarily an improved drainage-
way--with the exception of (1) the reach between Buffalo Soldier Trail and
Golf Links Road, and (2) the reach between the Savanna Drive/Seventh Street
intersection and Wilcox Drive, both of which are currently undeveloped.
Charleston Wash is in its natural riparian state for all of its length, with
the exception of the reach immediately downstream of the Highway-90 Bypass.
Some undeveloped portions of Woodcutter's Canyon Wash and Charleston Wash are
proposed for open space/recreational uses. Detention/Retention facilities are
currently being constructed on Woodcutter's Canyon Wash and Third Street
Drainageway in conjunction with the Buffalo Soldier Trail roadway-improvement
project.

The following four paragraphs summarize, on a reach-by-reach basis, the
basic surface-water management plan selected for the basin as a result of the
Phase-I1 evaluation process:

WOODCUTTER CANYON WASH: ALLOW IMPROVEMENTS, TO EXISTING
STANDARDS, FROM BUFFALO SOLDIER TRAIL TO GOLF LINKS ROAD
AND FROM SAVANNA DRIVE TO BUSBY DRIVE. IMPLEMENT FLOOD-
PLAIN-MANAGEMENT POLICIES TO PROTECT RIPARIAN ENVIRONMENT
BETWEEN BUSBY DRIVE AND WILCOX DRIVE. CONSIDER EXPANSION
OF DETENTION FACILITY ON MILITARY BASE TO HELP ACCOMPLISH
ABOVE GOALS. :

THIRD STREET DRAINAGEWAY: IMPLEMENT MINOR IMPROVEMENTS
(MAINLY EXCAVATION) BETWEEN BUSBY DRIVE AND WILCOX DRIVE.
REPLACE/IMPROVE CULVERT CROSSINGS AT MYER DRIVE AND WILCOX
DRIVE.
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BUENA NO. 3 DRAINAGEWAY: MAKE IMPROVEMENTS (I.E., SOIL
CEMENT, CONCRETE LINING, ETC.), AS NEEDED TO ADDRESS
CHANNEL EROSION.

CHARLESTON WASH: CHANNELIZE SHORT SEGMENT UPSTREAM OF
CORONADO DRIVE. IMPLEMENT FLOODPLAIN-MANAGEMENT POLICIES
DOWNSTREAM OF CORONADO DRIVE TO PROTECT RIPARIAN ENVIRON-
MENT.

Due to the predominantly urban nature of the basin downstream of the
military reservation, many of the improvements proposed for this basin are
more structural in nature than those proposed by the plan described above.
This is particularly true along Third Street Drainageway, Buena No. 3 Draina-
geway, and portions of Woodcutter's Canyon Wash. Improvements proposed as a
part of the plan include installation of bank protection and grade controls
along existing channels, and the replacement or improvement of six culvert
structures.

Installation of bank protection and grade controls along the channels in
this basin is made necessary, in part, by the increased potential for erosion
resulting from the installation of upstream detention basins. Use of deten-
tion typically results in a reduction in the natural, bed-material sediment
supply to downstream channel reaches. The bank protection and grade controls,
as proposed, are primarily based upon a 100-year design. The 100-year design
is recommended because of (1) the generally limited space available to allow
wide, shallow floodprone areas to continue to exist; and, (2) because of the
hazards posed to adjacent development. The 100-year design is also proposed
because of the reduction in disparity between the 100-year peaks and more-
frequent peaks, which results from controlling upstream runoff while allowing
the urban areas to discharge runoff undetained. Maintenance of the existing
riparian environment is proposed along a portion of Woodcutter's Canyon Wash
and along almost all of Charleston Wash. Although channel improvements are
not proposed along the downstream reaches of Charleston Wash, it is recom-
mended that these reaches be monitored for changes in long-term stability.

A hydrologic analysis of the basin was performed using the U.S. Army
Corps of Engineers HEC-I flood-hydrograph computer program. The analysis was
performed assuming the "ultimate-phase" condition for the detention/retention
basins being constructed in conjunction with the Buffalo Soldier Trail roadway-
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improvement project. The results of the analysis indicate that further expan-
sion of the above facilities, beyond that proposed as part of the original
"ultimate-phase" design, would not result in any reduction in peak discharge
downstream of the confluence of Woodcutter's Canyon Wash and Buena No. 3
Drainageway (i.e., along Charleston Wash). This condition occurs because
downstream of the referenced confluence the runoff from the Sierra Vista
urban area, alone, controls peak discharge, rather than the entire watershed
extending upstream into the Huachuca Mountains. For this reason, additional
expansion of the two Buffalo Soldier Trail detention basins is not proposed.

The following sub-sections describe the improvements and policies pro-
posed for each of the major drainage elements within the Woodcutter's Canyon
Basin. Table 3.3.1, which follows the above sub-sections, lists the estimated
costs for the proposed improvements.

3.3.1 Woodcutter's Canyon Wash

3.3.1-1 Buffalo Soldier Trail to Busby Drive
It is proposed that this reach be improved to accommodate the 100-year
peak discharge emanating from the detention/retention basin being constructed

on the upstream side of Buffalo Soldier Trail, assuming that “ultimate" con-
ditions exist as described in the report entitled "Final Hydrologic and Hy-
draulic Investigation for Garden Avenue Improvements", by Johnson, Brittain
and Associates (JBA), May, 1986. The 100-year peak discharge from this basin
was estimated to be approximately 2100 cfs, using the U.S. Army Corp of Engi-
neers HEC-I flood-hydrograph computer program.

[t is recommended that the retention pond proposed for the reach between
Savanna Drive and Busby Drive, as a part of the Open Space and Recreation
Plan, not be constructed at this location. This recommendation is made for
two reasons. The first reason is that the relief in the area proposed for the
basin is minimal, and what relief does exist represents the basin divide be-
tween Woodcutter's Canyon Basin and the Montebello Drainageway Sub-basin.
Installation of a retention basin at this location may create the potential
for breakover of flow into the adjacent basin during high-magnitude events.
The second reason for not constructing a retention pond at this location is
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that a detention/retention facility just south of the Town and Country
Middleschool, and west of Lenzner Avenue, 1is proposed as a part of the
Montebello Drainageway Sub-basin Plan. This latter facility will be located
less than one-half mile from the proposed Woodcutter's Canyon Wash location,
and it is anticipated that retention at this alternative location can ade-
quately serve the water-use needs of this area (e.g.,irrigation needs for the
proposed Town and Country Park).

The proposed conceptual improvements are shown, in plan view, on Sheets
29 and 30 of the Conceptual Plan-Sheet Set. Figures 3.3A and 3.3B show the
conceptual channel cross sections for the reach. Figures 3.3C and 3.3D show
the conceptual profiles for the grade controls proposed for the reach. Sup-
porting calculations for the design criteria indicated on the previously
referenced sheets and figures are contained in Appendix B.
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3.3.1-2 Busby Drive to Wilcox Drive

It is proposed that this reach be protected by implementing floodplain-
management regulations which would restrict development along the wash, there-
by creating a Natural Drainageway Maintenance Corridor (NDMC). The NOMC for
this reach shall be defined as follows:

a) The limits of the riparian vegetation zone; or,

b) A 100-foot setback from the low-flow channel bank,
whichever is more restrictive.

It is proposed that no development and/or improvements, except for those

listed below and those proposed for open-space/recreation purposes, be allowed
to occur within the NDMC. In addition to establishing the NDMC, it is proposed
that channel improvements be made along the low-flow channel alignment. The
Tow-flow channel appears to have a natural capacity roughly equal to the
detained condition 10-year peak discharge. For this reason, the channel
'1mprovements proposed for this reach are based on the 10-year discharge.
Figures 3.3E and 3.3F show the conceptual channel cross-section and grade-
control profile, respectively, for these improvements. Supporting calcula-
tions for the design criteria indicated on the above-referenced sheets and
figures are contained in Appendix B. The proposed improvements and the
approximate aerial extent of the NDMC, as described above, are shown on Sheet
30 of the Conceptual Plan-Sheet Set.

3.3.1-3 Lenzner Avenue to the Charleston Wash Confluence

It is proposed that this reach be improved to accommodate the 100-year
discharge, as described in Section 3.3.1.1. The proposed conceptual improve-
ments are shown in plan view on Sheet 14 and 30 of the Conceptual Plan-Sheet
Set. The conceptual channel cross section is shown in Figure 3.3G. The con-
ceptual grade-control profile for this reach is shown in Figure 3.3H. Sup-
porting calculations for the design criteria indicated on the above-referenced

sheets and figures are contained in Appendix B.
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JuduB Third Street Drainageway

It is proposed that the drainageway be improved, between Busby Drive and
Fry Boulevard, to contain the 100-year peak discharge, considering the effects
of the Busby Drive Detention Basin (also described in the JBA report refer-
enced in Section 3.3.1.1). Utilizing the U.S. Army Corps of Engineers HEC-1
flood-hydrograph computer program, the 100-year peak discharge for the Third
Street Drainageway at Fry Boulevard was determined to be approximately 1300
efs,

The proposed conceptual improvements are shown, in plan view, on Sheets
28 and 30 of the Conceptual Plan-Sheet Set. Figures 3.3I and 3.3J show the
conceptual channel cross sections. Figures 3.3K and 3.3L show the conceptual
profiles for the grade controls proposed for this channel. Supporting calcula-
tions for the design criteria indicated on the above-referenced sheets and
figures are contained in Appendix B.
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3.3.3 Buena No. 3 Drainageway

It is proposed that this drainageway be improved to accommodate the
100-year peak discharge considering the effects of the Busby Drive Detention
Basin (described in the JBA report referenced in Section 3.3.1.1). Utilizing
the U.S. Army Corps of Engineers HEC-1 flood-hydrograph computer program, the
100-year peak discharge for the Buena No. 3 Drainageway, at its confluence
with the Charleston Wash, was determined to be approximately 2100 cfs.

The proposed conceptual improvements are shown,in plan view, on Sheet 14
of the Conceptual Plan-Sheet Set. Figure 3.3M shows the conceptual channel
cross section. Figure 3.3N shows the conceptual profile for the grade
controls proposed for this channel. Supporting calculations for the design
criteria indicated on the above-referenced sheets and figures are contained in
Appendix B.
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3.3.4 Charleston Wash

3.3.4-1 Upstream of Coronado Drive

It is proposed that this short reach (approximately 800 feet long) be
improved to contain the 100-year peak discharge, considering upstream deten-
tion as described in Sections 3.3.1 and 3.3.2. Utilizing the U.S. Army Corps
of Engineers HEC-1 flood-hydrograph computer program, the 100-year peak
discharge for this reach was determined to be approximately 3700 cfs. This
reach is potentially a severe erosion-hazard area, due to the poor alignment
of the confluence of Woodcutter's Canyon Wash with Buena No. 3 Drainageway,
and the sharp bend on Charleston Wash 1located between the above-noted
confluence and Coronado Drive. Because of these problems, this reach will
require detailed design considerations (i.e., to account for bend scour,
superelevation of flow, etc.) prior to construction.

The proposed conceptual improvements are shown, in plan view, on Sheet 14
of the Conceptual Plan-Sheet Set. Figure 3.3(0) shows the conceptual channel
cross section for this reach. Figure 3.3P shows the conceptual profile for
the grade controls proposed for this reach. Supporting calculations for the
design criteria indicated on the above-referenced sheets and figures are con-
tained in Appendix B.
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3.3.4-2 Coronado Drive to Highway-90 Bypass

It is proposed that this reach be protected by implementing floodplain-
management regulations which would restrict development along the wash,
thereby creating a Natural Drainageway Maintenance Corridor (NDMC). The NOMC
for this reach shall be defined as follows:

a) The 100-year floodway; or,
b) The limits of the riparian vegetation zone; or,

c) A 100-foot setback from the low-flow channel bank,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open-
space/recreation uses that are compatible with the intended use and purpose of
the NDMC. In addition to establishing the NDMC, it is proposed that channel
improvements be made along the low-flow channel alignment, which could contain
the 2-year discharge. Figures 3.3Q0 and 3.3R show the conceptual channel
cross section and grade-control profile, respectively, for these improvements.,
Supporting calculations for the design criteria indicated on the above-
referenced sheets and figures are contained in Appendix B. The proposed
improvements and the approximate aerial extent of the NDMC, as described
above, are shown on Sheet 16 of the Conceptual Plan-Sheet Set.

It is also recommended that the retention pond, proposed for this reach
as a part of the Open Space and Recreation Plan, be constructed as an
"off-1ine" facility, in order to help minimize sedimentation problems.
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3.3.4-3. Highway-90 Bypass To Cochise College

It is proposed that this reach be improved to contain the 100-year peak
discharge, considering upstream detention as described in Sections 3.3.1 and
3.3.2. Utilizing the U.S. Army Corps of Engineers HEC-1 flood-hydrograph com-
puter program, the 100-year discharge for this reach was determined to be
approximately 4200 cfs. The above improvements are proposed for this reach

because of the proximity of existing developments to the channel (i.e.,
Cochise College and the commercial development near the Highway-90 Bypass);
and because of the channel improvements which already exist along this reach,
which have altered the natural character of the wash and resulted in a severe
bend approximately midway through the reach.

The proposed conceptual improvements are shown, in plan view, on Sheet
18 of the Conceptual Plan-Sheet Set. Figure 3.3S shows the conceptual channel
cross section for this reach. Figure 3.3T shows the conceptual profile for
the grade controls proposed for this reach. Supporting calculations for the
design criteria indicated on the above-referenced sheets and figures are con-
tained in Appendix B.
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3.3.4-4  Downstream of Cochise College to Moson Road ,
Require future development to observe a Natural Drainageway Maintenance
Corridor (NDMC). The NDMC shall be defined as follows:

a) The 100-year floodway; or,
b) The limits of the riparian vegetation zone; or,

c) A 100-foot setback from each bank of the Jlow-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open-
space/recreation uses that are compatible with the intended use and purpose of
the NDMC. The approximate aerial extent of the NDMC, as described above, is
shown on Sheets 17, 18, 19, 20, 22, 23, and 25 of the Conceptual Plan-Sheet
Set. A detailed determination of the limits of the NDMC will require
floodplain mapping of the wash. It is also proposed that a "retention-only"
facility be constructed within Section 29 of Township 21 South, Range 21 East
(See Sheet 20 of the Conceptual Plan-Sheet Set). It is recommended that the
retention pond be constructed as an "off-line" facility, in order to help
minimize sedimentation problems.

36345 Tributaries to Charleston Wash

Because of the limited extent of development, the nature riparian
environment adjacent to the channel, and/or the lack of definition along most
reaches of these tributaries, it is recommended that Natural Drainageway Main-
tenance Corridors (NDMCs) and Flood and Erosion Control Corridors (FECCs) be
created along these tributaries within the study area (i.e., between Cochise
College on the upstream dise, and Moson Road on the downstream side).

NDMCs (where applicable) shall be defined as follows:

a) The 100-year fioodway; or,

b) The limits of the riparian vegetation zone; or,
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c) A 50-foot setback from each bank of the low-flow channel, for
watercourses draining watersheds of 0.2 to 1.5 square miles; or
a 100-foot setback from each bank of the low-flow channel, for
watercourses draining watersheds greater than 1.5 square
miles.

Whichever of the above (a, b, or c¢) is most restrictive shall control.
It is proposed that no development and/or improvements be allowed to occur
within the NDMCs, except associated drainage structures and open-space/recrea-
tion uses that are compatible with the intended use and purpose of the NDMC.
FECCs (where applicable) shall be defined as follows:

- A 200-to-300-foot-wide strip composed of

a) A 100-foot-wide drainageway, centered on the FECCs, within
which drainage improvements can be made; and,

b)  Setbacks for flood and erosion protection measuring 50-feet
from each side of the 100-foot-wide drainageway for watercour-
ses draining watersheds of 0.2 to 1.5 square miles; or 100-foot
setbacks from each side of the 100-foot-wide drainageway for
watercourses draining watersheds greater than 1.5 square miles.
The setback restriction may be reduced to 20 feet from the top-
of-bank in instances where improvements are made within the
100-foot-wide drainageway in order to accommodate the 100-year
flood (see requirements for 100-year-design improvements
below).

Where implementation of the FECCs results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the limits of the FECCs will require floodplain mapping.

Improvements within the 100-foot-wide drainageway of the FECCs, defined
in (a) above, should adhere to the following restrictions:

a) Excavation of a channel desinged to accommodate 1.25 times the

100-year peak discharge (with appropriate freeboard) should be
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required when the discharge is from a detention/retention faci-
Tity;

b) Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30, and side slopes no
steeper than 3:1;

c) Channel lining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;

d) Where deemed appropriate or necessary, channel lining should be
accomplished using native vegetation and/or materials which
have a minimal visual impact. Channel lining using concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible regulatory agency; and,

e) Where deemed appropriate or necessary by the responsible requ-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year
design  improvements are made. The 100-year-design improve-
ments must include bank stabilization, with appropriate free-
board, and grade-control improvements to assure maintenance of
Tong-term bed stability.

It is proposed that only the types of improvements described above be
allowed to occur within the FECCs. It is recommended that proposals to make
extensive channel improvements within the FECCs (as allowed within the above
provisions) be scrutinized carefully to ensure that the interests of the par-
ties proposing the improvements are balanced against the greater interests of
the community, which are to achieve the stated goals of maintaining the
integrity of the existing drainage systems.

The areal extent of the NDMCs and FECCs, described above are shown on
Sheets 17, 18, 19, 20, 23, and 25 of the Conceptual Plan-Sheet Set. A de-
tailed determination of the 1limits of the NDMCs will require floodplain
mapping of the washes.
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It is also recommended that a 100-year-design bridge or culvert structure
be constructed at the Moson Road crossing at a future date when major improve-
ments are made to this roadway.
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TABLE 3.3.1

QUANTITIES AND COST ESTIMATE

SLA, INC.

ITEM

QUANTITY

UNIT COST

TOTAL COST

CHANNEL EXCAVATION:
a) Woodcutter's Canyon
Wash

- Buffalo Soldier

Trail to Busby Dr.

- Busby Drive to
Wilcox Drive

b) Third Street
Drainageway

- Busby Drive to
Wilcox Drive

c) Charleston Wash

- Upstream of
Coronado Drive

- The Highway 90
Bypass to Cochise
College

BANK PROTECTION:

a) MWoodcutter's Canyon
Wash

- Buffalo Soldier

Trail to Busby Dr.

- Busby Drive to
Wilcox Drive

17,000 yd°

12,000 yd

1,800 yd3

2,900 yd

3,000 yd

17,146 yd°

12,895 yd>

$2/yd

$2/yd

$2/yd3

$2/yd3'

$2/yd3

$30/yd?

$30/yd®

$ 34,000

$ 24,000

$ 4,000

$ 6,000

$ 6,000

$ 514,000

$ 387,000

(CONTINUED ON NEXT PAGE)
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ITEM

QUANTITY

UNIT COST

TOTAL COST

- Lenzner Avenue to
Charleston Wash

b) Third Street Drainage

- Busby Drive to
Fry Boulevard

c) Buena #3 Drainageway

- Fry Boulevard to
Charleston Wash

d) Charleston Wash

- Upstream of
Coronado Drive

- Coronado Drive to
the Highway 90
Bypass

The Highway-90 By-
pass to Cochise
College

CONCRETE GRADE-CONTROL
STRUCTURES AND TOE-DOWN
WALLS:

a) Woodcutter's Canyon
Wash

- Buffalo Soldier
Trail to Busby Dr.

- Busby Drive to
Wilcox Drive

12,143

9,838

22,937

4,229

45,481

21,000

2,330

169

2

yd $30/yd?

yd $30/yd

yd $30/yd®

3

yd $30/yd

yd $30/yd3

yd $30/yd3

vd $150/yd°

yd $150/yd>

$ 364,000

$ 295,000

$ 688,000

$ 127,000

$1,364,000

$ 630,000

$ 350,000

$ 25,000

(CONTINUED ON NEXT PAGE)
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ITEM

QUANTITY

UNIT COST

TOTAL COST

a)

- Lenzner Avenue to
Charleston Wash

Third Street
Drainageway

- Busby Drive to
Fry Boulevard

Buena #3 Drainageway

- Fry Boulevard to
Charleston Wash

Charleston Wash

- upstream of
Coronado Drive

- Coronado Drive to
Highway 90 Bypass

- The Highway 90
Bypass to Cochise
College

STREET-CROSSING STRUCTURES:

Woodcutter's Canyon
Wash

- at Busby Drive
- at Fry Boulevard

Third Street
Drainageway

- at Myers Drive

1,477

1,242

2,312

167

635

693 |

erd
195

212

yd3

yd

yd

yd

$150/yd>

$150/yd>

$150/yd°

$150/yd>

$150/yd>

$150/yd>

$275/yd>
$275/yd>

$275/yd>

$ 222,000

$ 186,000

$ 347,000

$ 25,000

&

95,000

$ 104,000

$ 76,000
$ 54,000

$ 58,000

(CONTINUED ON NEXT PAGE)
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TABLE 3.3.1 (CONTINUED)
ITEM QUANTITY UNIT COST TOTAL COST
- at Willcox Drive 212 yd° $275/yd’ $ 58,000
c¢) Charleston Wash
- at Coronado Drive 531 yd3 $275/yd3 $ 146,000
- at the Highway 90 3 3
Bypass 432 yd $275/yd $ 119,000
DETENTION/RETENTION
BASIN EXCAVATION:
a) Woodcutter's Canyon™*
Wash
- at Buffalo Soldier , 3 3
Trail 360,000 yd $2/yd $ 720,000
RETENTION-ONLY LAND
ACQUISITION:
a) Charleston Wash
- Between Coronado
Drive and the
Highway-90 Bypass 15 ac $65,340/ac $ 980,000
- Within Section 29
of Township 21
South, Range 21
East 15 ac $65,340/ac $ 980,000
Estimated Improvement Costs: $8,988,000
Engineering and Construction Management
@ 15% of Estimated Costs: $1,348,000
Contingincies @ 20% of Estimated
Improvement Costs: $1,798,000
TOTAL ESTIMATED COST: $12,134,000

* Costs shown are to nearest $1,000.

Except where noted costs do

not include right-of-way acquisition necessary for improve-

ments.

**  Detetention/Retention at this site is currently being imple-
mented, but is included as a cost of the plan at the request of
the City of Sierra Vista.
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3.4 Coyote Wash Basin

The Coyote Wash Basin begins in the foothills of the Huachuca Mountains,
and drains northeasterly covering most of the southern and eastern portions of
the Sierra Vista urban area. The basin, which is relatively broad, is com-

prised of a number of tributaries, and encompasses a wide variety of existing
and planned land uses. The tributaries within the basin are relatively
distinct, until they coalesce into a single channel (Donnet-Fry Wash) towards
the downstream end of the study area. Because of the variation in development
within the basin, and the distinctness of the various tributaries, the basin
has been broken into four sub-basins, as shown below, for purposes of plan
development:

- Montebello Drainageway Sub-Basin

- Coyote Wash Sub-Basin

- Mountain Mesas Drainageway Sub-Basin
~ Donnet-Fry Wash Sub-Basin

Each sub-basin is discussed in the following sub-sections.

3.4.1. Montebello Drainageway Sub-Basin

The Montebello Drainagway Sub-Basin is located along the northwest edge
of the Coyote Wash Basin. Drainage elements within the sub-basin include:
Buena High School Drainageway, Town and Country Middleschool Drainageway,
Kings Manor Drainageway, and Montebello Drainageway. The sub-basin is pre-
dominantly urban, extending from Seventh Street and Golf Links Road at the
upstream end, to the eastern edge of Section 32, Township 21 South, Range 20
East at the downstream end, where it drains into Coyote Wash. Almost all
channel reaches are either improved or run through developed areas.

Many channel reaches and culvert crossings within the sub-basin have con-
siderably less than 100-year capacity. Of particular concern is the Town and
Country Middleschool Drainageway, downstream of the Coronado Drive alignment,
where channels and culverts generally have less than 100-year capacity, and
development along the channel is substantial. Of special concern is the
crossing of Highway 92, where the combination of a limited culvert capacity
and a low roadway profile results in potential flooding of a wide area along
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the highway and adjacent 1land. This condition aggravates the problem of
limited channel capacity downstream of Highway 92, along Kings Manor Draina-
geway, although development along this channel is presently limited. Flooding
along Montebello Drainageway, through Montelbello Subdivision, is also antici-
pated due to limited channel and culvert capacities. Downstream of Montebello
Subdivision, where no development exists, the drainageway lacks definition,
resulting in a wide floodprone area. Although development along the channel
is presently limited, Buena High School Drainageway also presents a potential
flooding problem due to an almost complete lack of channel definition.

The following four paragraphs summarize, on a reach-by-reach basis, the
basic surface-water management plan selected for the basin as a result of the
Phase-IT Evaluation Process:

BUENA HIGH SCHOOL DRAINAGEWAY: CONSTRUCT DETENTION/RETEN-
TION FACILITY AT BUENA HIGH SCHOOL AND/OR AT COCHISE COL-
LEGE IN ORDER TO REDUCE DOWNSTREAM FLOODPRONE AREAS AND
REDUCE/ELIMINATE CULVERT-IMPROVEMENT NEEDS DOWNSTREAM OF
HIGHWAY-90 BYPASS (I.E , AT COLUMBQO AVENUE AND TOMBSTONE-
CHARLESTON HIGHWAY). REPLACE/IMPROVE CULVERT CROSSING AT
AVENIDA ESCUELA.

TOWN AND COUNTRY MIDDLESCHOOL DRAINAGEWAY: CONSTRUCT DE-
TENTION/RETENTION FACILITIES ON ELEMENTARY SCHOOL GROUNDS
(IMMEDIATELY UPSTREAM OF LENZNER AVENUE) AND/OR AT PRO-
POSED PARK SITE AT MOORMAN AVENUE ALIGNMENT. FACILITIES
AT THESE LOCATIONS WOULD REDUCE THE NEED FOR DOWNSTREAM
CULVERT AND CHANNEL IMPROVEMENTS, POSSIBLY ELIMINATING THE
NEED FOR MOST MAJOR IMPROVEMENTS.

KINGS MANOR DRAINAGEWAY: DEVELOP/IMPLEMENT FLOODPLAIN-
MANAGEMENT POLICIES IN ORDER TO PROTECT THE EXISTING
ENVIRONMENT ALONG THIS REACH, WITH CONSIDERATION FOR PRO-
POSED UPSTREAM DETENTION/RETENTION ON THE TOWN AND
COUNTRY MIDDLESCHOOL DRAINGAGEWAY.

MONTEBELLO DRAINAGEWAY: REPLACE/IMPROVE COLUMBO AVENUE
CULVERT CROSSING AND ALLOW CHANNEL IMPROVEMENTS TO OCCUR
FOLLOWING CURRENTLY ACCEPTED DESIGN STANDARDS AS A PART OF
FUTURE DEVELOPMENT DOWNSTREAM OF MONTEBELLO SUBDIVISION,
WITH CONSIDERATION FOR PROPOSED UPSTREAM DETENTION/
RETENTION ON THE TOWN AND COUNTRY MIDDLESCHOOL DRAIN-
AGEWAY AND THE BUENA HIGH SCHOOL DRAINAGEWAY. ALSO, CON-
SIDER DETENTION AT CONFLUENCE WITH BUENA HIGH SCHOOL
DRAINAGEWAY IN ORDER TO FURTHER REDUCE DOWNSTREAM FLOOD-
PRONE AREAS.
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Detention/retention is being proposed at seven locations within the Mon-
tebello Drainageway Sub-Basin, with four facilities being proposed for the
Town and Country Middleschool Drainageway, two facilities being proposed for
the Buena High School Drainageway, and one facility proposed on Montebello
Drainageway. These facilities will eliminate the need for improvement to
culvert crossings at all but two of the locations referenced in the above
paragraphs. Detention/retention at the proposed locations will also eliminate
the need for channel improvements at all but two locations, and thereby reduce
channel improvements below the level otherwise required on Montebello Draina-
geway. The above facilities will also provide retention-storage capacity for
water re-use purposes; and should also increase the potential for percolation
of runoff into the subsurface, along downstream channel reaches, as the dura-
tion of flows is increased. Channel improvements.to the 100-year level on
Montebello Drainageway, through the Montebello Subdivision (with consideration
for upstream detention), are being proposed mainly due to the potential for
flooding during the 100-year event along the existing channel. Although chan-
nel improvements are not proposed for most of the channel reaches within the
sub-basin, it is recommended that these reaches be monitored for changes in
lTong-term channel stability.

Hydrologic modeling of the basin was performed utilizing the U.S. Army
Corps of Engineers HEC-1 flood-hydrograph computer program. The analysis was
performed assuming installation of the detention/retention facilities proposed
for Buena High School Drainageway, Town and Country Middleschool Drainageway,
and Montebello Drainageway.

The following sub-sections describe the improvements and policies pro-
posed for each of the major drainage elements within the Montebello Draina-
geway Sub-basin. Table 3.4.1.1, which follows these sub-sections, lists the
estimated costs for the proposed improvements.

3.4.1.1 Buena High School Drainageway

3.4.1.1-1 Immediately Downstream of Fry Boulevard
It is proposed that the reach between Fry Boulevard and the detention/
retention basin proposed at Buena High School be improved to accommodate the
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100-year peak discharge. It is also proposed that the culvert structure at
Avenida Escuela ( located immediately upstream of Fry Boulevard ) be improved
to accommodate the 100-year discharge. The 100-year discharge for this reach
was estimated to be approximately 900 cfs, using the U.S. Army Corps of Engi-
neers HEC-1 flood-hydrograph computer program.

The proposed conceptual improvements are shown, in plan view, on Sheets
16 and 34 of the Conceptual Plan Sheet Set. Figures 3.4.1A and 3.4.1B show
the conceptual channel cross section and grade-control profile for the reach.
Supporting calculations for the design criteria indicated on the afore-
referenced sheets and figures are contained in Appendix B.

3.4.1.1-2 At Buena High School and Cochise College
it is proposed that detention/retention basins be constructed at these

sites to effect reduction of downstream peaks, and to serve as storage for
water re-use. The proposed improvements at the Cochise College site would
require acquisition of approximately 5.4 acres of land in order to accommodate
the proposed detention/retention basin, including sediment-storage require-
ments, as well a multi-use or aesthetic requirements and amenities which may
be deemed appropriate (or necessary) as a part of final design. Improvements
at the Buena High School site can be confined to the area adjacent to the
existing culvert crossing at the Highway-90 Bypass. However, accommodation of
the detention-storage requirements shown on the conceptual figure for this
site will involve infrequent inundation of adjacent improvements, such as the
school parking area and practice field. The location and orientation of the
proposed basins are shown, in plan view, on Sheets 16 and 18 of the Conceptual
Plan-Sheet Set. Figures 3.2.1C and 3.4.1D show the conceptual cross sections
for the proposed basins.



92 SLA, INC.

il . it
| I~ 30 g
Existing I | Existing
Parking [ 6"~ Thick Concrete Parking
Wlth Wire Mesh; Or Area
Areeo
ﬁ@& 18" -Thick Gublon

Mattresses W\
_I_‘ |

[ I
I'-=Thick Concrete

i
Slo

’ Toe-Down
I (S

[«—— 20' ——]

FIGURE NOT DRAWN TO SCALE.
ALL DIMENSIONS ARE APPROXIMATE AND

MAY VARY WITH FINAL DESIGN, FIGURE 34 I A

CONCEPTUAL CHANNEL CROSS SECTION FOR

BUENA HIGH SCHOOL DRAINAGEWAY

IMMEDIATELY DOWNSTREAM OF
FRY BOULEVARD

SIa Simons, Li & Assocmres Inc.

l—— Coloasdo Spaincs, CO. * Diwwen, CO. Foar Collis, CO.

— Newpoar Baack, CA. Phoisiz, A *  Tucsom, AL



93 SLA, INC.

DIRECTION OF FLOW

=l

I'- Thick Concrete
Grade- Control Structures
ot 105" Intervals

F AN KR T

s
el

?:‘ l'l:
[« 1Y 1
il 1.0
AE R
RIS,

LT K . .
30 e b ¢ Equilibrium Bed Profile
5.5' l v n AN e

~]

RS Toe of Bank
>,:.}-; Protection
4

b= 22.5" |

FIGURE NOT DRAWN TO SCALE.
ALL DIMENSIONS ARE APPROXIMATE AND

MAY VARY WITH FINAL DESIGN. FIGURE 3.4.1B

CONCEPTUAL GRADE-CONTROL
STRUCTURE PROFILE FOR
BUENA HIGH SCHOOL DRAINAGEWAY
IMMEDIATELY DOWNSTREAM OF
FRY BOULEVARD

S Ia Simons, Li & AssociaTes, Inc.

— Coleasde Spurcs, CO. + Duwman, CO. = Fear Collim, CO
————— Nrwpoatr Biach, CA. *  Phowsy, AL . Tucrom, AL



94 SLA, INC.

¥

* *

R

24" CMP % S~ YM/J/W —

Outflow Structure )
Retention Storage Volume As Required

To Meet Water Re-Use Needs
b * |

NOTES:

* MINIMUM BOTTOM AREA = 2.5 ACRES
(Required For Detention Purposes Only)

KK
MINIMUM SURFACE AREA = 8.0-ACRES

(Required For Detention Purposes Only)

EII_GLU%[FMrE\ZISg JQEQWN EOASCPA[E)E{IMATE
ARE APPR
AND MAY VARY WITH FINAL DESIGN. FIGURE 3.4.1C

CONCEPTUAL DETENTION/RETENTION
BASIN CROSS SECTION FOR

BUENA HIGH SCHOOL DRAINAGEWAY
AT BUENA HIGH SCHoOOL

Sk

S

Simons, Li & Associaves, Inc.

Colesade Spais, CQ » Diwma, CO. = Foar Collles, CQ
Nompear Buach, CAL = Plody AL +  Tucsom, AL

I



ko) SLA, INC.

Iy

=1
* # 1

Minimum Detention Storage Volume=19.4 gc. ft.

LY 768

.
24" cMP /627// e »%A/da/ﬂ,ﬂﬁx

Outflow Structure .
~ Retention Storage Volume As Required
To Meet Water Re-Use Needs

= * >|

NOTES:

™ MINIMUM BOTTOM AREA = 2.9 ACRES
(Required For Detention Purposes Only)

¥
MINIMUM SURFACE AREA = 3.6 ACRES.

(Required For Detention Purposes Only)

L
FIGURE NOT DRAWN TO SCALE.

ALL DIMENSIONS ARE APPROXIMATE :
AND MAY VARY WITH FINAL DESIGN. Fl GURE 34' D

CONCEPTUAL DETENTION/RETENTION
BASIN CROSS SECTION FOR

BUENA HIGH SCHoOOL DRAINAGEWAY
AT COCHISE COLLEGE

S IaSimous, Li & Associaves, Inc.

Coleacds Sparcs, CO « Diwwa, CO. » Foar Collis, CO.
e —— Nowpoat Back, CA_ - Plosmy, AL - Tucsom, AL




SLA, INC.
96

3.4.1.1-3 Highway-90 Bypass to Montebello Drainageway Confluence

Because of the lack of existing, adjacent development and the reduction
in flooding potential resulting from implementation of detention at the two
sites previously referenced, it is proposed that this reach be protected to

preserve the existing, natural riparian environment along the drainageway. It
is proposed that future development observe a Flood and Erosion Control Corri-
dor (FECC), defined as follows:

- A 100-foot-wide strip composed of

a) A 40-foot-wide drainageway, centered on the FECC, within which
improvements can be made; and

b) 30-foot setbacks from each side of the 40-foot-wide drainage-
way for flood and erosion protection.

Where implementation of the FECC results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the limits of the FECC will require floodplain mapping.

Improvements within the 40-foot-wide drainageway of the FECC, defined
in (a) above, should adhere to the following restrictions:

a) Excavation of a channel desinged to accommodate 1.25 times the
100-year peak discharge (with appropriate freeboard) should be
required when the discharge is from a detention/retention faci-
lity;

b)  Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30, and side slopes no
steeper than 3:1;

c) Channel Tining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;

d) Where deemed appropriate or necessary, channel lining should be
accomplished using native vegetation and/or materials which
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have a minimal visual impact. Channel lining using concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible regulatory agency; and,

e) Where deemed appropriate or necessary by the responsible requ-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year-
design improvements are made. The 100-year-design improvements
must include bank stabilization, with appropriate freeboard,
and grade-control improvements to assure maintenance of Tong-
term bed stability.

It is proposed that only the types of improvements described above be
allowed to occur within the FECC. It is recommended that proposals to make
extensive channel improvements within the FECC (as allowed within the above
provisions) be scrutinized carefully to ensure that the interests of the par-
ties proposing the improvements are balanced against the greater interests of
the community, which are to achieve the stated goals of maintaining the
integrity of the existing drainage systems.

The width of the FECC described above varies from the FECC as defined in
previous sections, due to the low outflow discharges associated with the
detention/retention facilities proposed on this drainageway.

It is also proposed that the culvert structure at Colombo Avenue be
replaced in order to accommodate the 100-year discharge, considering upstream
detention. The approximate aerial extent of the FECC, as described above, is
shown on Sheet 18 of the Conceptual Plan-Sheet Set.

3.4.1.2 Town and Country Middleschool Drainageway

3.4.1.2-1 At Lenzner Avenue, Moorman Avenue Alignment, Village Meadows
Park Site and at Highway 92

It is proposed that detention/retention basins be constructed at these
sites to effect reduction of downstream peaks, and to serve as storage for
water re-use. The proposed improvements would require acquisition of approxi-
mately 9.2, 11.1, 6.3, and 10.7 acres of land, respectively, in order to
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accommodate the proposed detention/retention basins, including sediment-
storage requirements as well as multi-use or aesthetic requirements and ame-
nities which may be deemed appropriate (or necessary) as a part of final
design. It should be noted that because of the predominantly urban nature of
 the proposed locations, it may not be feasible or practical to accommodate
purposes other than detention/retention, as shown in the conceptual cross
sections referenced below. The Tlocation and orientation of the proposed
basins are shown, in plan view, on Sheets 30 and 34 of the Conceptual Plan-
Sheet Set. Figures 3.4.1E, 3.4.1F, 3.4.1G, and 3.4.1H show the conceptual
cross sections for the proposed basins.

It should be noted that although the facility proposed for location at
Highway 92 is shown on Conceptual Plan-Sheet 34 as lying entirely south of
Quail Run Drive, the hydraulic storage requirements indicated on Figure 3.4.1H
may necessitate a larger basin configuration than that shown on the Conceptual
Plan Sheet, or re-analysis of a different basin configuration may be required.

3.4.1.2-2 Lenzner Avenue to Highway 92

Because of the reduction in the need for flood-control improvements
resulting from implementation of detention at the four sites referenced above,
it appears that maintenance of the existing drainageway will adequately
address flood and erosion control along most of this reach. However, it is
recommended that Flood and Erosion Control Corridors (FECCs) be established
between Lenzner Avenue and Coronado Drive and through the Village Meadows
Mobile Home Subdivision.

The FECCs are defined as follows:
- 100-foot-wide strip composed of

a) A 40-foot-wide drainageway, centered on the FECCs, within
which improvements can be made; and

b)  30-foot setbacks from each side of the 40-foot-wide drain-
ageway for flood and erosion protection.
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Where implementation of the FECCs results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the limits of the FECCs will require floodplain mapping.

Improvements within the 40-foot-wide-drainageway of the FECCs, defined in
(a) above, should adhere to the following restrictions:

a) Excavation of a channel desinged to accommodate 1.25 times the
100-year peak discharge (with appropriate freeboard) should be
required when the discharge is from a detention/retention faci-
lity;

b) Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30, and side slopes no
steeper than 3:1;

c¢) Channel lining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;

d) Where deemed appropriate or necessary, channel lining should be
accomplished using native vegetation and/or materials which
have a minimal visual impact. Channel lining using concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible regulatory agency; and,

e) Where deemed appropriate or necessary by the responsible requ-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year-
design  improvements are made. The 100-year-design improve-
ments must include bank stabilization, with appropriate free-
board, and grade-control improvements to assume maintenance of
Tong-term bed stability.

It is proposed that only the types of improvements described above be
allowed to occur within the FECCs. It is recommended that proposals to make
extensive channel improvements within the FECCs (as allowed within the above
provisions) be scrutinized carefully to ensure that the interests of the par-
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ties proposing the improvements are balanced against the greater interests of
the community, which are to achieve the stated goals of maintaining the
integrity of the existing drainage systems.

The width of the FECCs described above varies from the FECCs as defined
in previous sections, due to the low outflow discharges associated with the
detention/retention facilities proposed on this drainageway.

The location of the FECCs, as described above, are shown on Sheets 30
and 34 of the Conceptual Plan-Sheet Set.
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3.4.1.3 Kings Manor Drainageway

This drainageway represents an area where, under uncontrolled conditions
(i.e., no upstream detention), erosion could potentially encroach upon exist-
ing development. However, because of the dramatic reduction in the need for
flood-control improvements resulting from implementation of upstream detention
on Town and Country Middleschool Drainageway, it is proposed that this reach
be managed by maintaining the existing drainageway and easement between High-
way 92 and Highway 90, and not allowing development to encroach into the ease-
ment. Where the existing drainageway currently encroaches upon existing deve-
Topment, it is recommended that minor grading and realignment of the channel
be performed to more centrally locate it within the existing drainage ease-
ment.

3.4.1.4 Montebello Drainageway

3.4.1.4-1 Highway 98 to Buena High School Drainageway Confluence

[t is proposed that this reach be improved to accommodate the 100-year
peak discharge, considering upstream detention on Town and Country Middleschool
Drainageway. The 100-year discharge at the downstream end of this reach was
estimated to be approximately 900 cfs, using the U.S. Army Corps of Engineers
HEC-1 flood-hydrograph computer program. It should be noted that, due to the
effects of upstream detention, peak rates of runoff along this channel reach
may vary significantly. However, in developing the conceptual improvement
plans for this reach, the highest peak discharge anticipated within the reach
was used.

The proposed conceptual improvements are shown, in plan view, on Sheet 18
of the Conceptual Plan-Sheet Set. Figures 3.4.11 and 3.4.1J show the concep-
tual channel cross section and grade-control profile for the reach. Sup-
porting calculations for the design criteria indicated on the previously
referenced sheets and figures are contained in Appendix B.
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3.4.1.4-2 At Buena High School Drainageway Confluence
It is proposed that a detention/retention basin be constructed at this

site both to effect reduction of downstream peaks and to serve as storage for
water re-use. This site is located upstream of areas where development is
anticipated, and detention/retention would aid significantly in the reduction
of downstream flood peaks and flood-prone areas. The proposed improvements
would require acquisition of approximately 14.1 acres of land in order to
accommodate the proposed detention/retention basin, including sediment-storage
requirements, as well as multi-use or aesthetic requirements and amenities
which may be deemed appropriate (or necessary) as a part of the final design.
The location and orientation of the proposed basin is shown, in plan view, on
Sheet 21 of the Conceptual Plan-Sheet Set. Figure 3.4.1K shows the conceptual
cross-section for the basin.
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3.4.1.4-3 Buena High School Drainageway Confluence to Coyote Wash
Confluence

Because of the presence of the mature, riparian environment and the reduc-
tion in the need for flood-control improvements resulting from upstream deten-
tion on the Buena High School Drainageway and the Town and Country Middleschool
Drainageway, it is recommended that this reach be maintained in its existing

state. It is proposed that future development observe a Natural Drainageway
Maintenance Corridor (NDMC), defined as follows:

a) The 100-year floodway; or,
b) The limits of the riparian vegetation zone; or,

c) A 100-foot setback from each bank of the low-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open-
space/recreation uses that are compatible with the intended use and purpose of
the NDMC. The approximate aerial extent of the NDMC, as described above, is
shown on Sheet 21 of the Conceptual Plan-Sheet Set. A detailed determination
of the Timits of the NDMC will require floodplain mapping of the reach.
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TABLE 3.4.1.1.

SLA, INC.

QUANTITIES AND COST ESTIMATE*
FOR MONTEBELLO DRAINAGEWAY SUB-BASIN IMPROVEMENTS

ITEM

QUANTITY

UNIT COST TOTAL COST

CHANNEL EXCAVATION:
a) Montebello Drainageway

- Highway 90 to Buena
High School Drain-
ageway Confluence

BANK PROTECTION:

a) Buena High School
Drainageway

- Immediately Down-
stream of Fry Blvd.

b) Montebello Drainageway

- Highway 90 to Buena
High School Drain-
ageway Confluence

CONCRETE GRADE-CONTROL
STRUCTURES AND TOE-DOWN
WALLS:

a) Buena High School
Drainageway

- Immediately Down-
stream of Fry Blvd.

b) Montebello Drainageway
- Highway 90 to Buena

High School Drain-
ageway Confluence

15,500 yd°

1,267 yd

6,233 yd

273 yd

1,847 yd3

$2/yd3

&

31,000

$30/yd? § 38,000

$30/yd® $ 187,000

$150/yd> § 41,000

$150/yd> § 277,000

(CONTINUED ON NEXT PAGE)
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ITEM

QUANTITY

UNIT COST

TOTAL COST

DETENTION/RETENTION BASIN
EXCAVATION:

a) Buena High School
Drainageway

- at Buena High School
- at Cochise College

b) Town and Country
Middleschool Drain-
ageway

- at Lenzner Avenue

- at Moorman Avenue
Alignment

- at Village Meadows
Park Site

- at Highway 92
c) Montebello Drainageway

- at Buena High
School Drainageway
Confluence

DETENTION/RETENTION'

LAND ACQUISITION:

a) Buena High School
Drainageway

- at Buena High
School

- at Cochise College

18,000 yd
35,000 yd

98,000 yd

107,000 yd

47,000 yd
92,000 yd

76,000 yd

348,480 ft

235,224 ft

$2/yd3
$2/yd>

$2/yd3
$2/yd3

$2/yd3
$2/yd3

$2/yd3

$1.50/ft2
$1.50/ft2

$ 36,000
$ 70,000

$ 196,000

$ 214,000

$ 94,000
$ 184,000

$ 152,000

$ 523,000
$ 353,000

(CONTINUED ON NEXT PAGE)
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ITEM

QUANTITY

UNIT COST

TOTAL COST

b) Town and Country
Middleschool Drain-
ageway
- at Lenzer Avenue

- at Moorman Avenue
Alignment

- at Highway 92
c) Montebello Drainageway
- at Buena High
School Drainageway

Confluence

DETENTION/RETENTION
OUTFLOW STRUCTURES:

a) Buena High School
Orainageway

- at Cochise College

b) Town and Country
Middelschool Drain-
ageway

- at Village Meadows
Park Site

c) Montebello Drainageway
- at Buena High

School Drainageway
Confluence

398,574 ft°

483,516 ft°

163,914 ft

614,196 ft2

FAOG

70!

43 yd3

$1.50/ft°

§1/ft°
$3/ft2

$1.50/Ft2

$30/ft

$30/ft

$275/yd>

$ 598,000

$ 484,000
$1,392,000

$ 921,000

$ 2,000

$ 2,000

$ 12,000

(CONTINUED ON NEXT PAGE)
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ITEM QUANTITY UNIT COST TOTAL COST
STREET-CROSSING STRUCTURES:
a) Buena High School
Drainageway
- at Avenida Escuela 50 ft $180/ft $ 9,000
- at Colombo Avenue 51 yd3 $275/yd3 $ 14,000
Estimated Improvement Costs: $5,830,000
Engineering and Construction Management
@ 15% of Estimated Improvement Costs: $ 875,000
Contingencies @ 20% of Estimated Improvement Costs: $1,166,000
TOTAL ESTIMATED COST: $7,871,000

* Costs shown are to nearest $1,000. Except where noted, costs
do not include right-of-way acquisition necessary for improve-
ments.

t Unit costs for detention/retention right-of-way are based on
local per-square-foot costs supplied by the City of Sierra
Vista. Actual costs may vary significantly.
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3.4.2 Coyote Wash Sub-Basin

The Coyote Wash Sub-Basin is the largest of the three sub-basins within
the Coyote Wash Basin. The sub-basin extends upstream into the Ft. Huachuca
Military Reservation, covers most or all of Sections 11, 12, and 14 (Township
22 south, Range 20 E East) located immediately south of the city limits, then

funnels into a narrow band centered on the main channel (Coyote Wash)
downstream of Highway 92 to the confluence with Montebello Drainageway.
Drainage elements within the sub-basin include: Coyote Wash, Summit Draina-
geway, and South Garden Drainageway. Much of the sub-basin is presently unde-
veloped, particularly upstream of Highway 92, with many channel segments in
their natural, riparian state. However, development 1is encroaching on the
sub-basin, particularly within Sections 11 and 12 referenced above (e.g., the
"Summit" master plan). Proposed land use within these areas is primarily resi-
dential, with some commercial.

Channels and culvert crossings within the sub-basin are generally of suf-
ficient capacity to convey the 100-year event, with minimal overbank flooding.
Detention/retention facilities being constructed on Coyote Wash, in conjunc-
tion with the Garden Avenue improvements, will reduce downstream peak dis-
charges primarily upstream of the South Garden Drainageway confluence; thus
reducing the need for culvert-crossing improvements. Of primary concern with
regard to potential flooding is South Garden Drainageway between the Summit
Drainageway and Coyote Wash confluences. Significant development is antici-
pated along this reach, where channel capacity is much less than 100-year
capacity. Consequently, significant overbank flooding might be expected.

The following paragraph describes the basic surface-water management plan
selected for the sub-basin as a result of the Phase-II Evaluation Process:

CONSTRUCT DETENTION/RETENTION FACILITIES ON BOTH SUMMIT
DRAINAGEWAY AND SOUTH GARDEN DRAINAGEWAY, UPSTREAM OF GAR-
DEN LOOP DRIVE (I.E., ON THE FORT HUACHUCA MILITARY RESER-
VATION); AT THE CONFLUENCE OF SOUTH GARDEN AND SUMMIT
DRAINAGEWAYS (PROPOSED PARK SITE); AT THE PROPOSED PARK
SITE ON COYOTE WASH, NORTH OF PUEBLO DEL SOL SUBDIVISION:
OR A COMBINATION OF ANY OF THE ABOVE. THE ABOVE-REFERENCED
FACILITIES WOULD REDUCE CHANNEL AND CULVERT-IMPROVEMENT
NEEDS AT MOST LOCATIONS THROUGHOUT THE SUB-BASIN, WHERE
IMPROVEMENTS ARE CURRENTLY NEEDED, AND INCREASE DEVELO-
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PABLE AREAS. THESE IMPROVEMENTS CAN BE INCORPORATED WITHIN
THE FLOODPLAIN-MANAGEMENT POLICIES OF THE "DEVELOP/IMPLE-
MENT NEW FLOODPLAIN-MANAGEMENT POLICIES"™ ALTERNATIVE, AND/
OR THE CURRENT-STANDARDS PROVISIONS OF THE “MAINTAIN
CURRENT DRAINAGE POLICIES™ ALTERNATIVE.

Detention/retention is being proposed at all of the locations referenced
above; as well as at two additional sites on Coyote Wash, located just east of-
Camino Real (upstream of the South Garden Drainageway confluence), at a pro-
posed park site and at the Montebello Drainageway confluence. The above faci-
lities reduce the need for improvements to existing culvert crossings, with
the exception of the Town and Country Drive, Coronado Drive, Camino Rancho,
and the Camino Real crossings on Coyote Wash. Detention/retention at the pro-
posed locations also appear to remove the need for channel improvements along
most channel reaches within the sub-basin. Protection of the existing draina-
geways 1is proposed through the establishment of Natural Drainageway Main-
tenance Corridors along most of the reaches in the basin, although channel
improvements are proposed along a portion of Coyote Wash. Although channel
improvements are not proposed for many of the channel reaches within the
basin, it is recommended that these reaches be monitored for changes in long-
term channel stability.

Hydrologic modeling of the basin was performed utilizing the U.S. Army
Corps of Engineers HEC-1 flood-hydrograph computer program. The analysis was
performed assuming installation of the detention/retention facilities proposed
for Coyote Wash, Summit Drainageway, and South Garden Drainageway, including
the detention facility under construction on Coyote Wash as a part of the Buf-
falo Soldier Trail roadway improvements.

The following sub-sections describe the improvements and policies pro-
posed for each of the major drainage elements Within the Coyote Wash Sub-
Basin. Table 3.4.2.1, which follows the above sub-sections, lists the esti-
mated costs for the proposed improvements.

3.4.2.1 Coyote Wash

3.4.2.1-1 Buffalo Soldier Trail to Camino Real
It is proposed that this reach be improved to accommodate the 100-year
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peak discharge, considering upstream detention developed as a part of the Buf-
falo Soldier Trail Roadway Improvements. The 100-year discharges along this
reach was estimated to be approximately 600 cfs, 1100 cfs and 1300 cfs, at
Town and County Drive, Coronado Drive, and Camino Real, respectively, using
the U.S. Army Corps of Engineers HEC-1 flood-hydrograph computer program. It
should be noted that, due to the effects of upstream detention, peak rates of
runoff along this channel reach may vary signficantly, particularly upstream
of Town and County Drive. However, in developing the conceptual improvement
plans for this reach, the highest peak discharge anticipated within each reach
was used.

The proposed conceptual improvements are shown, in plan view, on Sheets
29, 31, and 35 of the Conceptual Plan-Sheet Set. Figures 3.4.2A, 3.4.2B, and
3.4.1C show the conceptual channel cross sections for each reach. Figures
3.4.20 and 3.4.2E show the conceptual grade-control profiles for the most
downstream reaches. Supporting calculations for the design criteria indicated
on the previously referenced sheets and figures are contained in Appendix B.

3.4.2.1-2 At Camino Real, North of Pueblo Del Sol Subdivision and at the
Montebello Drainageway Confluence

It is proposed that detention/retention basins be constructed at these
sites both to effect reduction of downstream peaks and to serve as storage for
water re-use. The locations at Camino Real and north of the Pueblo Del Sol
Subdivision represent future park sites under the city's open-space and re-
creation plan. The Montebello Drainageway confluence site, while not a pro-
posed park site, would make an excellent location for a multi-use facility
(i.e., recreation and/or water re-use, as well as flood control). The proposed
improvements would require acquisition of approximately 17.3, 25.2, and 14.1
acres of land, respectively, in order to accommodate the proposed detention/
retention basins, including sediment-storage requirements as well as multi-
use or aesthetic requirements and amenities which may be deemed appropriate
(or necessary) as a part of final design. The location and orientation of the
proposed basins are shown, in plan view, on Sheets 34, 38 and 21, respec-
tively, of the Conceptual Plan-Sheet Set. Figures 3.4.2F, 3.4.2G and 3.4.2H
show the conceptual cross sections for the respective basins.
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3.4.2.1-3 Camino Real to Mountain Mesas Drainageway Confluence

Because of the 1limited extent of development and the mature riparian
environment adjacent to the channel along most reaches of the wash, along with
the reduction in the need for flood-control improvements resulting from deten-
tion at both Garden Loop (i.e., the Seventh Street Detention Basin constructed
as a part of the Buffalo Soldier Trail roadway-improvement project) and at the
three proposed locations described above, it is recommended that this reach be
maintained in its existing state, where not already improved. Where improve-
ments have been made (i.e., adjacent to the Mountain Steppes Apartments), it
is recommended that these improvements be maintained. It is proposed that
future developmemt observe a Natural Drainageway Maintenance Corridor (NDMC),

defined as follows:
a) The 100-year floodway; or,
b} The limits of the riparian vegetation zone; or,

c) A 50-foot setback from each bank of the low-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open-
space/recreation uses that are compatible with the intended use and purpose of
~ the NOMC. The approximate aerial extent of the NDMC, as described above, is
shown on Sheets 21, 29, 31, 34, 35, 38, and 42 of the Conceptual Plan-Sheet
Set. A detailed determination of the 1limits of the NDMC will require
* floodplain mapping of the wash.

3.4.2.2 Summit Drainageway

3.4.2.2-1 At Buffalo Soldier Trail

It is proposed that a detention/retention basin be constructed at this
site both to effect reduction of downstream peaks and to serve as storage for
water re-use. This site is located upstream of areas where significant deve-
lopment is anticipated, and detention/retention would aid significantly in the

reduction of downstream flood peaks and flood-prone areas. The proposed im-
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provement would require acquisition of approximately 14.1 acres of land in
order to accommodate the proposed detention/retention basin, including sediment-
storage requirements as well as multi-use or aesthetic requirements and ame-
nities which may be deemed appropriate (or necessary) as a part of final
design. The location and orientation of the proposed basin is shown, in plan
view, on Sheet 32 of the Conceptual Plan-Sheet Set. Figure 3.4.21 shows the
conceptual cross section for the basin.
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3.4.2.2-2 Buffalo Soldier Trail to Coronado Drive
Because of the reduction in the flooding potential resulting from imple-

mentation of detention at Buffalo Soldier Trail, as proposed above, it appears
that maintenance of the improved drainageway which extends through most of
this reach will adequately address flood and erosion control. Therefore,
maintenance of existing improvements, in conjunction with implementation of
upstream detention, is recommended for this reach. The improvements which

have been made along this reach should be extended upstream to Buffalo Soldier
Trail.

3.4.2.2-3 Coronado Drive to the East Section Line of Section 1, Township
22 South, Range 20 East.

[t is proposed that this reach be improved to accommodate the 100-year
peak discharge, considering upstream detention developed as a part of the Buf-
falo Soldier Trail Roadway Improvements. The 100-year discharges at the South
Garden Drainageway confluence was estimated to be approximately 1200 cfs,
using the U.S. Army Corps of Engineers HEC-1 flood-hydrograph computer
program.  However, it should be noted that, due to both the effects of up-
stream detention and the limited watershed discretization possible, peak rates
of runoff along this channel reach may vary significantly. In developing the
conceptual improvement plans for this reach, the highest peak discharge anti-
cipated within the reach was used.

The proposed conceptual improvements are shown, in plan view, on Sheet 31
of the Conceptual Plan-Sheet Set. Figure 3.4.2K shows the conceptual channel
cross section for the reach. Figure 3.4.2L shows the conceptual grade-control
profile for the reach. Supporting calculations for the design criteria indi-
cated on the previously referenced sheets and figures are contained in Appen-
dix B.

3.4.2.2-4 Each Section Line of Section 11, Township 22 South, Range 20
East, to the South Garden Drainageway Conf luence

Because of the presently limited extent of development and the mature
riparian environment adjacent to the channel along a substantial portion of
the wash, along with the reduction in the need for flood-control improvements
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resulting from detention at Garden Loop, it is recommended that this reach be
maintained in its existing state. It is proposed that future development
observe a Natural DOrainageway Maintenance Corridor (NDMC), defined as
follows:

a) The 100-year floodway; or,
b) The 1imits of the riparian vegetation zone; or,

c) A 50-foot setback from each bank of the low-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open-
space/recreation uses that are compatible with the intended use and purpose of
the NDMC. The approximate aerial extent of the NDMC, as described above, is-
shown on Sheet 35 of the Conceptual Plan-Sheet Set. A detailed determination
of the Timits of the NDMC will require floodplain mapping of the wash.

3.4.2.3 South Garden Drainageway

3.4.2.3-1 At Buffalo Soldier Trail and the Summit Drainageway Confluence

[t is proposed that detention/retention basins be constructed at these
sites both to effect reduction of downstream peaks and to serve as storage for
water re-use. The Garden Loop site is located upstream of areas where signifi-
cant development 1is anticipated, and detention/retention would aid signifi-
cantly in the reduction of downstream flood peaks and flood-prone areas. The
Summit Drainageway Confluence site is identified as a future park site under
the city's open-space and recreation plan; but it is also well suited for pro-
viding flood-control storage, which would lead to a reduction in the down-
stream flooding potential where development is anticipated. The proposed im-
provements would require acquisition of approximately 25.2 and 28.5 acres of
land, respectively, in order to accommodate the proposed detention/retention
basins, including sediment-storage requirements as well as multi-use or
aesthetic requirements and amenities which may be deemed appropriate (or

necessary) as a part of final design. The location and orientation of the
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proposed basins is shown, in plan view, on Sheet 32 of the Conceptual Plan-
Sheet Set. Figures 3.4.2J and 3.4.2K show the conceptual cross sections for
the basins.
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3.4.2.3-2 Buffalo Soldier Trail to the Coyote Wash Confluence

Because of the presently limited extent of development and the mature
riparian environment adjacent to the channel along a substantial portion of
the wash, along with the reduction in the need for flood-control improvements
resulting from detention at Garden Loop and the Summit Drainageway confluence,
it is recommended that this reach be maintained in its existing state. It is

proposed that future development observe a Natural Drainageway Maintenance
Corridor (NDMC), defined as follows:

a) The 100-year floodway; or,
b) The limits of the riparian vegetation zone; or,

c) A 50-foot setback from each bank of the low-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open-
space/recreation uses that are compatible with the intended use and purpose of
the NOMC. The approximate aerial extent of the NDMC, as described above, is
shown on Sheets 32, 35, and 36 of the Conceptual Plan-Sheet Set. A detailed

determination of the limits of the NDMC will require floodplain mapping of
the wash.
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TABLE 3.4.2.1

QUANTITIES AND COST ESTIMATE

FOR COYOTE WASH SUB-BASIN IMPROVEMENTS

SLA, INC.

ITEM QUANTITY UNIT COST TOTAL COST
CHANNEL EXCAVATION:
a) Coyote Wash
- Buffalo Soldier
Trail to Town and 3 3
County Drive 18,000 yd $2/yd $ 36,000
- Town & Country Drivg 3 3
to Camino Real 23,000 yd $2/yd $ 46,000
BANK PROTECTION:
a) Coyote Wash
- Buffalo Soldier
Trail to Town and 3 3
Country Drive 17,433 yd $30/yd $ 523,000
- Town & Country Drive 3 3
to Camino Real 19,533 yd $30/yd $ 586,000
CONCRETE GRADE-CONTROL
STRUCTURES AND TOE-DOWN
WALLS:
a) Coyote Wash
- Town & County Drivd 3 3
to Camino Real 2,253 yd $150/yd $ 338,000
DETENTION/RETENTION BASIN
EXCAVATION:
a) Coyote Wash
- at Camino Real 390,000 yd° $2/yd> $ 780,000

(CONTINUED ON NEXT PAGE)
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ITEM

QUANTITY

UNIT COST

TOTAL COST

c)

DETENTION/RETENTION LAND
ACQUISITION:

a)

- North of Pueblo Del
Sol subdivision

- at Montebello
Drainageway
Confluence

Summit Drainageway

- at Buffalo Soldier
Trail

South Garden Drain-
ageway

- at Buffalo Soldier
Trail

- at Summit Drain-
ageway Confluence

1.

Coyote Wash
- at Camino Real

- North of Pueblo Del
Sol

- at Montebello DrainA
ageway Confluence

South Garden Drain-
ageway

- at Summit Drain-
ageway Confluence

434,000 yd3

182,000 yd

136,000 yd

596,000 yd

414,000 yd

17.3 ac

25.2 ac

14.1 ac

28.5 ac

$2/yd3

$2/yd3

$2/yd>

$2/yd

$2/yd>

$65,340/ac
$65,340/ac

$65,340/ac

$65,340/ac

$ 868,000

$ 364,000

$ 272,000

$1,192,000

$ 818,000

$1,130,000

$1,647,000

$ 921,000

$1,862,000

(CONTINUED ON NEXT PAGE)
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TABLE 3.4.2.1 (CONTINUED)
ITEM QUANTITY UNIT COST TOTAL COST
DETENTION/RETENTION
OUTFLOW STRUCTURES:
a) Coyote Wash
- at Camino Real 43 ydd $275/yd> $ 12,000
- north of Pueblo Del 3 3
Sol subdivision 97 yd $275/yd $ 27,000
- at Montebello 3 3
Drainageway 139 yd $275/yd $ 38,000
b) Summit Drainageway
- at Buffalo Soldier 3 3 ‘
Trail 43 yd $275/yd $ 12,000
c) South Garden
Drainageway
- at Buffalo Soldier 3 3
Trail 75 yd $275/yd $ 21,000
- at Summit Drain- 3 3
ageway Confluence 75 yd $275/yd $ 21,000
STREET-CROSSING STRUCTURES:
a) Coyote Wash
- at Town & Country
Drive 50 ft $75/ft $ 4,000
~ at Coronato Drive 271 yd $275/yd> $ 75,000
- at Camino Rancho 212 yd3 $275/yd> $ 58,000
- at Camino Real 212 ydd $275/yd> § 58,000

(CONTINUED ON NEXT PAGE)
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Estimated Improvement Costs: $11,709,000
Engineering and Construction Management
@ 15% of Estimated Improvement Costs: $ 1,756,000
Contingencies @ 20% of Estimated Improvement Costs: $ 2,342,000
TOTAL ESTIMATED COST: : $15,807,000

* Costs shown are to nearest $1,000. Except where noted, costs
do not include right-of-way acquisition necessary for improve-
ments.

t Unit costs for detention/retention land acquisition are based
on local per-square-foot cost estimates supplied by the City of
Sierra Vista. Actual costs may vary significantly. Quantities
shown for land acquisition have been adjust upward by a factor
of 1.5 to account for accommodation of sediment storage, multi-
use, and/or aesthetic requirements.

NOTE: It is assumed that the land on the Ft. Huachuca Military
Reservation will be utilized at no cost to the City of Sierra
Vista.



SLA, INC.
141

3.4.3 Mountain Mesas Drainageway Sub-Basin

The Mountain Mesas Drainageway Sub-Basin is located along the southeast
edge of the Coyote Wash Basin. Drainage elements within the sub-basin in-
clude: Country Club Estates Drainageway, P.D.S. South Drainageway, and Moun-

tain Mesds Drainageway. The sub-basin is a mixture of developed and undeve-
loped areas. Development is presently underway, but primarily south of High-
way 90. Existing and proposed land uses within the basin are predominantly
residential, with some commercial. Channel reaches vary 1in condition.
Country Club Estates Drainageway appears to have been realigned and straight-
ened somewhat over part of its length. Mountain Mesas Drainageway is in its
natural state over most of its length.

Flood-hazard potential varies within the sub-basin. Under present (unde-
veloped) conditions, flooding along Mountain Mesas Drainageway and its north-
westerly tributary would result in a wide, shallow floodplain upstream of
Highway 90 due to lack of channel definition. Channel capacity along most of
P.D.S. South Drainageway is also less than the 100-year peak discharge, par-
ticularly along the reach immediately downstream of Highway 92. Flooding on
Country Club Estates Drainageway during the 100-year event is anticipated to
be confined to the golf course through which the drainageway runs. However,
culvert capacities at Highway 92 and Player Avenue are less than 100-year
capacity, with flow breakover to the north along Highway 92 anticipated during
the 100-year event.

The following paragraphs summarize, on a reach-by-reach basis, the basic
surface-water management plan selected for the sub-basin as a result of the
Phase II Evaluation Process:

COUNTRY CLUB ESTATES DRAINAGEWAY: CONSTRUCT DETENTION/
RETENTION FACILITY UPSTREAM OF GARDEN LOOP DRIVE TO REDUCE
OR ELIMINATE CULVERT-IMPROVEMENT NEEDS REQUIRED TO ELIMI-
NATE FLOW-BREAKOUT POTENTIAL AT PLAYER AVENUE AND HIGHWAY
92, AS WELL AS TO REDUCE CHANNEL AND CULVERT-IMPROVEMENT
NEEDS DOWNSTREAM OF THIS DRAINAGEWAY,

P.D.S. SOUTH DRAINAGEWAY: CONSTRUCT DETENTION/RETENTION
FACILITY AT A PROPOSED PARK SITE (LOCATED APPROXIMATELY
MIDWAY ALONG THE REACH),IN CONJUNCTION WITH THE CONSTRUC-
TION OF THE UPSTREAM FACILITY INDICATED IN ITEM ONE ABOVE,

hEEggDER TO REDUCE DOWNSTREAM CHANNELIZATION AND CULVERT
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MOUNTAIN MESAS DRAINAGEWAY: ALLOW DRAINAGE IMPROVEMENTS
UNDER CURRENT STANDARDS, BASED ON UPSTREAM DETENTION/
RETENTION.

In addition to detention/retention being proposed at the two locations
referenced above, it is also being proposed at two additional locations on
Mountain Mesas Drainageway, which are at the Snyder Boulevard Alignment and
just upstream of Highway 90. The above facilities reduce the need for improve-
ments to existing culvert crossings, with the exception of the Highway 92
crossing(s) of Country Club Estates Drainageway (and possibly the Player Ave-
nue crossing). Detention/retention at the proposed locations also appears to
eliminate the need for channel improvements along all channel reaches within
the sub-basin, except along Country Club Estates Drainageway upstream of High-
way 92 for approximately 1500 feet (this reach is discussed further in the
following sub-sections). However, a diversion channel along the east side of
Highway 92 is proposed in order to collect runoff from County Club Estates
Drainageway and route it north to reduce downstream flooding problems (See
Section 3.4.3.1) Maintenance of existing drainageways is proposed through the
establishment of Natural Drainageway Maintenance Corridors (NDMCs) and Flood
and Erosion Control Corridors (FECCs) along most of the reaches in the basin.
The detention/retention, NDMC, and FECC floodplain-management concepts were
utilized along Mountain Mesas Drainageway and the northwesterly tributary to
same (hereafter referred to as Avenida del Sol Drainageway), as well, after
investigation revealed that suitable sites were available for installation of
detention/retention facilities. Although channel improvements are not pro-
posed for the channel reaches within the basin, it is recommended that these
reaches be monitored for changes in long-term channel stability.

Hydrologic modeling of the basin was performed utilizing the U.S. Army
Corps of Engineers HEC-1 flood-hydrograph computer program. The analysis was
performed assuming installation of the detention/retention facilities proposed
for Country Club Estates Drainageway, P.D.S. South Drainageway, Mountain Mesas
Drainageway, and Avenida del Sol Drainageway.

The following sub-sections describe the improvements and policies pro-
posed for each of the major drainage elements within the Mountain Mesas

Drainageway Sub-Basin. Table 3.4.3.2, which follows the above sub-sections,
Tists the estimated costs for the proposed improvements.
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3.4.3.1 Country Club Estates Drainageway

3.4.3.1-1 At Garden Loop
It is proposed that a detention/retention basin be constructed at this
site to effect reduction of downstream peaks, and to serve as storage for water

re-use, The proposed basin would require acquisition of approximately 9.2
acres of land in order to accommodate the proposed detention/retention basins,
including sediment-storage requirements as well as multi-use or aesthetic
requirements and amenities which may be deemed appropriate (or necessary) as a
part of final design. The location and orientation of the proposed basin is
shown, in plan view, on Sheet 32 of the Conceptual Plan-Sheet Set. Figure
3.4.3A shows the conceptual cross section for the basin.

3.4.3.1-2 Garden Loop to Highway 92

The existing drainageway along this reach is contained within the Pueblo
del Sol Golf Course, which represents an excellent use of the watercourse.
The existing drainageway is, in general, ~adequate to contain the detained
flood peak emanating from the detention/retention facility proposed above.
For this reason, no changes and/or improvements are proposed for this reach,
with the exception of the 1500 feet located immediately upstream of Highway
92. Currently, it appears that the potential exists at this location for flow

to break out of the drainageway and flow north across Greenbriar Road, which
presently represents the primary access to residences within the northwest
corner of Section 13, Township 22 South, Range 20 East. Here it is rcommended
that the flow be controlled so that overflow to the north occurs only over the
existing weir and along the drainageway between Highway 92 and Player Avenue.
The 100-year peak (considering upstream detention) should be adequately accom-
modated by the existing two-cell, ten-foot-wide by four-foot-high CBC struc-
ture at Highway 92, and by the newly constructed two-cell, 50-inch by 31-inch
C.M.P-Arch structure under Highway 92, located just south of Greenbriar Drive.
If the above two culverts, in combination, are not able to convey the 100-year
discharge without inundating adjacent homes or overtopping Highway 92; then
one of the above structures should be improved or a third culvert structure
should be placed under Greenbriar Drive in order to drain the excess runoff to
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the two-cell, eight-foot-wide by seven-foot-high CBC crossing of Highway 92,
located just south of Calle Mercancia. In any event, it is proposed that a
collector channel be constructed along the east side of Highway 92 in order to
collect runoff from the Highway 92 culvert crossings and deliver it to the
drainageway which runs along the south side of Calle Mercancia. Construction
of the above channel will eliminate flooding potential along the poorly-defined
drainageway which currently drains the two-cell, ten-foot-wide by four-foot-
high CBC structure. The location of the proposed collector channel is shown
on Sheet 40 of the Conceptual Plan Sheet Set. Figures 3.4.3B and 3.4.3C show
the conceptual cross section and grade-control profile, respectively, of the
proposed channel.



149 SLA, INL.

t= * * : >

Minimum Detention Storage Volume= 33.2 ‘ac.ft.

2 728

A
RN REX

Retention Storage Volume As ﬁ‘equired
To Meet Water Re-Use Needs

= * >]

24" cmP
Qutflow Structure

NOTES:

* Minimum Bottom Area = 5.0 acres
(Required For Detention Purposes Only)

* K
Minimum Surface Area = 6.l acres

(Required For Detention Purposes Only)

[

FIGURE ‘NOT DRAWN TO SCALE.

ALL DIMENSIONS ARE APPROXIMATE !
AND MAY VARY WITH FINAL DESIGN. FIGURE 343 A

CONCEPTUAL DETENTION/RETENTION
BASIN CROSS SECTION FOR

COUNTRY CLUB ESTATES DRAINAGEWAY
AT GARDEN LOOP

va
&

oaada Spaics, CO. ¢ Diwaa, CO. « Fouar Collias, CQ

Simons, Li & AssociaTes, Inc.
ot
Nowpoar Beach, CA. ¢ Phowmi, AZ  +  Tucson, AZ,

I



146 SLA, INC.

k< g2"' . >
[«— 20' i 42" >|< 20' ——
Open Space and 6"-Thick Concrete Open Space and
Maintenance Access With Wire Mesh; Or Maintenance Access
%&\ I'-Thick Soil-Cement RN
— Slope Paving, Or
T I8"-Thick Gabion
2 Mattresses

3
4.5 & | \|

l - Thick Concrete
0 T /Toe Down
'

l-e— 15—

FIGURE NOT DRAWN TO SCALE.

ALL DIMENSIONS ARE APPROXIMATE AND FlGURE 3 4 3 B

MAY VARY WITH FINAL DESIGN.

CONCEPTUAL CHANNEL CROSS SECTION FOR
COLLECTOR CHANNEL BETWEEN

COUNTRY CLUB ESTATES DRAINAGEWAY
AND P.D.S. SOUTH DRAINAGEWAY

S la Simons, Li & Associares, Inc.
o Coloasde Spmics, CO + Oveea, GO, = Foar Collims, CO
————— Nowpeat Baack, CA. . Plesenin, AL . Tucsen, AL



147 SLA, INC.

DIRECTION OF FLOW
.

I'- Thick Concrete .

Grade:Control Structures
ot 325 Intervals

N LAY TRy ‘T‘
‘:e‘bf‘l‘:
Fe b 3
R N )
A, by
‘l

; i;.‘:‘ J/ Equilibrium Bed Profile
3.0 AR

AN )TN

v b
1 A
4.0 P Oun ] Toe of Bank
7,1{\“; Protection

FIGURE NOT DRAWN TO SCALE.
ALL DIMENSIONS ARE APPROXIMATE AND

MAY VARY WITH FINAL DESIGN. FIGURE 343 C

CONCEPTUAL GRADE-CONTROL
STRUCTURE PROFILE FOR

COLLECTOR CHANNEL BETWEEN

COUNTRY CLUB ESTATES DRAINAGEWAY
AND P.D.S. SOUTH DRAINAGEWAY

S Ea Simons, Li & Associares, Inc.

—— Coloasde Sparas, CO + Dvwvaa, CO. » Foar Ceollim, CQO
—— Neepoat Biach, CA. s Plodsn, AL = Tucsem, AZ,




SLA, INC.
148

3.4.3.2 P.D.S. South Drainageway

3.4.3.2-1 At Via Riata Alignment
It is proposed that a detention/retention basin be constructed at this

site to effect reduction of downstream peaks, and to serve as storage for
water re-use. This location represents a future park site under the city's
open space and recreation plan. The proposed basin would require acquisition
of approximately 22.1 acres of land in order to accommodate the proposed
detention/retention basins, including sediment-storage requirements as well
as multi-use or aesthetic requirements and amenities which may be deemed
appropriate (or necessary) as a part of final design. The location and orien-
tation of the proposed basin is shown, in plan view, on Sheet 39 of the Con-

ceptual Plan-Sheet Set. Figure 3.4.3D shows the conceptual cross section for
the basin.
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3.4.3.2-2 Highway 92 to Avenida del Sol Alignment

Because of the presently limited extent of development and the mature
riparian environment adjacent to the channel along a substantial portion of
the wash, as well as the reduction in the need for flood-control improvements
resulting from detention at Garden Loop and the Via Riata Alignment, it is

recommended that this reach be maintained in its existing state, where not
already improved. Where improvements have been made (i.e., immediately
upstream of Avenida Del Sol), it is recommended that these improvements be
maintained. It is proposed that future development observe a Natural Draina-
geway Maintenance Corridor (NDMC), defined as follows:

a) The 100-year floodway; or,
b) The limits of the riparian vegetation zone; or,

c) A 50-foot setback from each bank of the low-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open-
space/recreation uses that are compatible with the intended use and purpose of
the NDMC. The approximate aerial extent of the NDMC, as described above, is
shown on Sheets 39, 40, and 43 of the Conceptual Plan-Sheet Set. A detailed

determination of the limits of the NDMC will require floodplain mapping of the
wash.

3.4.3.3 Avenida Del Sol Drainageway

3.4.3.3-1 Camino del Norte Alignment to Mountain Mesas Drainageway
Confluence

Because of the limited extent of development and the mature riparian
environment adjacent to the channel along the drainageway, as well as the
reduction in the need for flood-control improvements resulting from proposed
upstream diversion at the Snyder Boulevard Alignment (see discussion below),
it is recommended that this reach be maintained in its existing state. It is

proposed that future development observe a Flood and Erosion Control Corridor
(FECC), defined as follows:
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- A 200-foot-wide strip composed of

a) A 100-foot-wide drainageway, centered on the FECC, within
which drainage improvements can be made; and,

b)  50-foot set-backs from each side of the 100-foot-wide
drainageway for flood and erosion protection.

Where implementation of the FECC results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the Timits of the FECC will require floodplain mapping.

Improvements within the 100-foot-wide drainageway of the FECC, defined in
(a) above, should adhere to the following restrictions:

a) Excavation of a channel designed to accommodate 1.25 times the
100-year peak discharge (with appropriate freeboard) should be
required when the discharge is from a detention/retention faci-
Tity;

b) Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30, and side slopes no
steeper than 3:1;

g Channel Tining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;

d)  Where deemed appropriate or necessary, channel lining should be
accomplished using native vegetation and/or materials which
have a minimal visual impact. Channel lining using concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible regulatory agency; and,

e) Where deemed appropriate or necessary by the responsible regu-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year-
design improvements are made. The 100-year-design improve-
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ments must include bank stabilization, with appropriate free-
board, and grade-control improvements to assure maintenance of
long-term bed stability.

It is proposed that only the types of improvements described above be
allowed to occur within the FECC. It is recommended that proposals to make
extensive channel improvements within the FECC (as allowed within the above
provisions) be scrutinized carefully to ensure that the interests of the par-
ties proposing the improvements are balanced against the greater interests of
the community, which are to achieve the stated goals of maintaining the inte-
grity of the existing drainage systems. The proposed alignment of the FECC,
as described above, is shown on Sheet 42 of the Conceptual Plan-Sheet Set.

As a part of detention/retention improvements proposed for Mountain Mesas
Drainageway (see following sections), it is also proposed that Avenida del Sol
Orainageway drainageway be diverted into Mountain Mesas Drainageway at the
Snyder Boulevard alignment and upstream of Highway 90, where detention/reten-
tion facilities are proposed on Mountain Mesas Drainageway. Diversion of the
drainageway at the Snyder Boulevard alignment will reduce downstream peaks on
Avenida Del Sol Drainageway while diversion upstream of Highway 90 will con-
centrate detained runoff at one culvert crossing on Highway 90 for both
drainageways, eliminating the need for culvert and/or channel improvements on
the Avenida del Sol Drainageway at and downstream of Highway 90.

3.4.3.4  Mountain Mesas Drainageway

3.4.3.4-1 At the Snyder Boulevard Alignment and at Highway 90
[t is proposed that detention/retention basins be constructed at these

sites to effect reduction of downstream peaks, and to serve as storage for
water re-use. The proposed basins would require acquisition of approximately
14.1 and 22.1 acres of land, respectively, in order to accommodate the pro-
posed detention/retention basins, including sediment-storage requirements as
well as multi-use or aesthetic requirements and amenities which may be deemed
appropriate (or necessary) as a part of final design. The Tlocation and orien-
tation of the proposed basins are shown, in plan view, on Sheets 43 and 46 of

the Conceptual Plan-Sheet Set. Figures 3.4.3E and 3.4.3F shows the conceptual
cross sections for the basins.
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3.4.3.4-2 Avenida del Sol Alignment to Proposed Detention/Retention
Facility At Highway 90

Due to the lack of a well-defined channel, as well as the reduction in
the need for flood-control improvements resulting from detention at Garden
Loop, at the Via Riata and Snyder Boulevard Alignments, and at Highway 90, it
is recommended that a Flood and Erosion Control Corridor (FECC) be established
along this reach.

The Flood and Erosion Control Corridor shall be defined as follows:

- A 200-foot-wide strip composed of

a) A 100-foot-wide drainageway, centered on the FECC, within which
improvements can be made; and,-

b) 50-foot set-backs from each side of the 100-foot-wide drain-
ageway for flood and erosion protection.

Where implementation of the FECC results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the limits of the FECC will require floodplain mapping.

Improvements within the 100-foot-wide drainageway of the FECC, defined
in (a) above, should adhere to the following restrictions:

a) Excavation of a channel designed to accommodate 1.25 times the
100-year peak discharge (with appropriate freeboard) should be
required when the discharge is from a detention/retention faci-
Tty

b) Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30, and side slopes no
steeper than 3:1;

c) Channel lining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;
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d) Where deemed appropriate or necessary, channel lining should be
accomplished using native vegetation and/or materials which
have a minimal visual impact. Channel lining using concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible regulatory agency; and,

e) Where deemed appropriate or necessary by the responsible regu-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year-
design  improvements are made. The 100-year-design improve-
ments must include bank stabilization, with appropriate
freeboard, and grade-control improvements to assure maintenance
of long-term bed stability.

It is proposed that only the types of improvements described above be
allowed to occur within the FECC. It is recommended that proposals to make
extensive channel improvements within the FECC (as allowed within the above
provisions) be scrutinized carefully to ensure that the interests of the par-
ties proposing the improvements are balanced against the greatér interests of
the community, which are to achieve the stated goals of maintaining the in-
tegrity of the existing drainage systems. The proposed alignment of the FECC
is shown of Sheets 42, 43, and 46 of the Conceptual Plan-Sheet Set.

3.4.3.4-3 Proposed Detention/Retention at Highway 90 to Coyote Wash
Confluence

Because of the limited extent of development and the mature riparian
environment adjacent to the channel along the drainageway, as well as the
reduction in the need for flood-control improvements resulting from detention
at the four upstream locations, it is recommended that this reach be main-
tained in its existing state. It is proposed that future development observe a
Natural Drainageway Maintenance Corridor (NDMC), defined as follows:

a) The 100-year floodway; or,

b) The limits of the riparian vegetation zone; or,
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¢) A 50-foot setback from each bank of the low-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open-
space/recreation uses that are compatible with the intended use and purpose of
the NDMC. The approximate aerial extent of the NDMC, as described above, is
shown on Sheets 24 and 46 of the Conceptual Plan-Sheet Set. A detailed deter-
mination of the limits of the NDMC will require floodplain mapping of the
wash.
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TABLE 3.4.3.1

QUANTITIES AND COST ESTIMATE
FOR MOUNTAIN MESAS DRAINAGEWAY SUB-BASIN IMPROVEMENTS

SLA, INC.

ITEM

QUANTITY

UNIT COST

TOTAL COST

CHANNEL EXCAVATION:

a)

Collector Channel Be-
tween Country Club
Estates Drainageway
and P.D.S. South
Drainageway

BANK PROTECTION:

a)

Collector Channel Be-
tween Country Club
Estates Drainageway
and P.D.S. South
Drainageway

CONCRETE GRADE-CONTROL
STRUCTURES AND TOE-DOWN
WALLS:

a)

Collector Channel Be-
tween Country Club
Estates Drainageway
and P.D.S. South
Drainageway

DETENTION/RETENTION BASIN
EXCAVATION:

a)

Country Club Estates
Drainageway

- at Garden Loop

8,740 yd

5,800 yd®

490 yd

98,000 yd>

$2/yd3

$3O/yd2

$150/yd>

$2/yd3

$ 17,000

$ 174,000

$ 74,000

$ 196,000

(CONTINUED ON NEXT PAGE)
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ITEM

QUANTITY

UNIT COST

TOTAL COST

b) P.D.S South Drain-
ageway

- at Via Riata
Alignment

c) Mountain Mesas
Drainageway

- at Snyder Boulevard
Alignment

- at Highway 90

DETENTION/RETENTION LANDf

ACQUISITION:

a) P.D.S. South Drain-
ageway

- at Via Riata
Alignment

b) Mountain Mesas
Drainageway

- at Snyder Boulevard
Alignment

- at Highway 90

DETENTION/RETENTION
OUTFLOW STRUCTURES:

a) Country Club Estates
Drainageway

- at Garden Loop

420,000 yd

309,000 yd3
429,000 yd

20.6 ac

20.6 ac
28.5 ac

70 Tt

$2/yd3

$2/yd>
$2/yd>

$65,340/ac

$65,340/ac
$65,340/ac

$30/ft

$ 840,000

$ 618,000
$ 858,000

$1,346,000

$1,346,000
$1,862,000

$ 2,000

(CONTINUED ON NEXT PAGE)
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TABLE 3.4.3.1 (CONTINUED)

ITEM QUANTITY UNIT COST TOTAL COST

b) P.D.S South
Drainageway

- at Via Riata Alignment 70 ft $60/ft $ 4,000

c) Mountain Mesas
Drainageway

- at Snyder Boulevard
Alignment 70 ft $60/ft $ 4,000

- at Highway 90 33 yd3 $275/yd> $ 9,000

STREET-CROSSING
STRUCTURES:

a) Avenida del Sol
Drainageway

- at the intersection
of Snyder Blvd. and
Avenida del Sol 498 yd

$275/yd> $ 137,000

ESTIMATED IMPROVEMENT COSTS: $7,487,000

Engineering and Construction Management
@ 15% of Estimated Improvement Costs: $1,123,000

Contingencies @ 20% of Estimated
Improvement Costs: $1,497,000

TOTAL ESTIMATED COST: $10,107,000

(CONTINUED ON NEXT PAGE)
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* Costs shown are to nearest $1,000. Except where noted, costs
do not include right-of-way acquisition necessary for improve
ments.

t Unit costs for detention/retention are based on local per-
square-foot costs supplied by the City of Sierra Vista. Actual
costs may vary significantly.

NOTE: It is assumed that land on the Ft. Huachuca Military Reser-
vation will be utilized at no cost to the City of Sierra Vista.
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3.4.4 Donnet-Fry Wash Sub-Basin

3.4.4.1 Donnet-Fry Wash

The Donnet-Fry Wash Sub-Basin represents the downstream element of the
Coyote Wash Basin into which the upstream three sub-basins drain. The main
drainage element within the sub-basin is Donnet-Fry Wash. The channel is

relatively wide, and is of considerable capacity. Development within the sub-
basin is currently limited to the Donnet-Fry Ranch, which is located adjacent
to the channel near the downstream limit of the study area. The Bella Vista
Ranch Estates Master Plan calls for the golf course to be located along this
wash, a use which is compatible with the plans developed for the upstream sub-
basins and open-space objectives. Because of the adequacy of the existing
drainageway, when considering both the reduced flcod peaks associated with
proposed upstream detention/retention and the planned recreational uses of the
wash, it is proposed that a Natural Drainageway Maintenance Corridor (NDMC) be
established along Donnet-Fry Wash from the confluence of Coyote Wash and Moun-
tain Mesas Drainageway to Moson Road.

The NDMC shall be defined as follows:
a) The 100-year floodway; or,
b) The 1imits of the riparian vegetation zone; or,

c) A 50-foot setback from each bank of the Tow-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open-
space/recreation uses that are compatible with the intended use and purpose of
the NDMC. The approximate aerial extent of the NDMC, as described above, is
shown on Sheets 24, 26, and 27 of the Conceptual Plan-Sheet Set. A detailed
determination of the Timits of the NDMC will require floodplain mapping of the
wash.

Detention/retention does not appear to be justified along this reach,

from a flood-control standpoint, since the existing channel appears adequate
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to handle the flood peaks emanating from the upstream watersheds where deten-
tion/retention is proposed. However, because of the availability of city land
adjacent to the wash at the site of the city's wastewater-treatment facility,
located in Section 34, Township 21 South, Range 21 East, it is recommended
that a site be set aside for development of a facility to serve beneficial
uses only. The location proposed for such a facility is shown on Sheet 27 of
the Conceptual Plan-Sheet Set.

3.4.4.2 Tributary to Donnet-Fry Wash

Because of the limited extent of development, the mature riparian envi-
ronment adjacent to the channel, and/or the Tlack of definition along most
reaches of this tributary, it is recommended that a combination Natural
Drainageway Maintenance Corridor (NDMC) and Flood and Erosion Control Corridor
(FECC) be created along this tributary.

The NDMC (where applicable) shall be defined as follows:

a) The 100-year floodway; or,
b) The limits of the riparian vegetation zone; or,

c) A 50-foot setback from each bank of the low-flow channel,
whichever is more restrictive.

It is proposed that no development and/or improvements be allowed to

occur within the NDMC, except for associated drainage structures and open-

~space/recreation uses that are compatible with the intended use and purpose of
the NDMC.

The FECC (where applicable) shall be defined as follows:
- A 200-foot-wide strip composed of

a) A 100-foot-wide drainageway, centered on the FECC, within
which drainage improvements can be made; and,

b)  50-foot setbacks from each side of the 100-foot-wide drainage-
way, for flood and erosion protection.
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Where implementation of the FECC results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the limits of the FECC will require floodplain mapping.

Improvements within the 100-foot-wide drainageway of the FECC, defined in
(a) above, should adhere to the following restrictions.

a) Excavation of a channel designed to accommodate 1.25 times
the 100-year peak discharge (with appropriate freeboard)
should be required when the discharge is from a detention/
retention facility;

b) Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30, and side slopes no
steeper than 3:1;

c) Channel lining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;

d) Where deemed appropriate or necessary, channel lining should
be accomplished using native vegetation and/or materials which
have a minimal visual impact. Channel lining using concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible regulatory agency; and,

e) Where deemed appropriate or necessary by the responsible requ-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year-
design improvements are made. The 100-year-design improvements
must include bank stabilization, with appropriate freeboard,
and grade-control improvements to assure maintenance of long-
term bed stability.

It is proposed that only the types of improvements described above be
allowed to occur within the FECC. It is recommended that proposals to make
extensive channel improvements within the FECC (as allowed within the above

provisions) be scrutinized carefully to ensure that the interests of the par-
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ties proposing the improvements are balanced against the greater interests of
the community, which are to achieve the stated goals of maintaining the inte-
grity of the existing drainage systems.

The areal extent of the NDMC and FECC, as described above, are shown on
Sheets 23, 25, and 26 of the Conceptual Plan-Sheet Set. A detailed deter-
mination of the limits of the NDMC and FECC will require flood mapping of the
washes.,

TABLE 3.4.4.1

QUANTITIES AND COST ESTIMATE*
FOR DONNET-FRY WASH SUB-BASIN IMPROVEMENTS

ITEM QUANTITY UNIT COST TOTAL COST

STREET-CROSSING STRUCTURES:

a) Donnet-Fry Wash

- at Moson Road 651 yd3 $275/yd3 $ 179,000
Estimated Improvement Cost : $ 179,000
Engineering and Construction Management
@ 15% of Estimated Improvement Costs: § 27,000
Contingencies @ 20% of Estimated
Improvement Costs: ' $ 36,000
TOTAL ESTIMATED COST: $ 242,000

* Costs shown are to nearest $1,000. Except where noted, costs
do not include right-of-way acquisition necessary for improve-
ments
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3.5 Lewis Springs Wash Basin

The Lewis Springs Wash Basin is located in the lower valley-floor area,
to the south and east of the Sierra Vista urban area. This basin is comple-
tely undeveloped at present, with the exception of the headwater area which
is located within the Country Club Estates subdivision. Drainage within this
basin is characterized by wide, shallow sheet-flow areas. Proposed land use
within the basin is single-family residential, with park/open-space uses pro-
posed along the eastern limits of the study area.

Due to the lack of definition of the drainageways within the basin, and
the lack of well-defined plans for development of the area, no specific sites
were identified during the Phase-II evaluation process for development of
large-scale detention/retention facilities.

The following paragraph summarizes the basic surface-water management
plan selected for the basin as a result of the Phase-II Evaluation Process:

ALLOW IMPROVEMENTS COMPATIBLE WITH THE TYPE OF DEVELOPMENT
PLANNED FOR THE BASIN, WITH MORE EXTENSIVE IMPROVEMENTS
ALLOWED AT THE UPSTREAM END OF THE BASIN, WHERE HIGHER-
DENSITY DEVELOPMENT IS TO BE LOCATED. STRICTER FLOODPLAIN-
MANAGEMENT POLICIES SHOULD BE APPLIED DOWNSTREAM, WHERE
LESS-DENSE DEVELOPMENT AND PARK/OPEN-SPACE USES ARE PLAN-
NED. DETENTION/RETENTION COULD BE INCORPORATED AS A PART
OF THE PLAN.

The proposed plan developed under this phase provides for the establish-
ment of Flood and Erosion Control Corridors (FECCs) along Lewis Springs Wash,
which is the main drainage element within the basin. Establishment of FECCs
within the basin will provide for defined watercourses to which runoff can be
concentrated and drained. In implementing the FECC concept, it is important
for future development to adhere to existing watershed-boundary definition, so
that diversion of runoff does not occur onto areas where concentration of
excess runoff is not planned. The plan also proposes implementation of deten-
tion/retention at two locations along Lewis Springs Wash, identified as a
part of the Phase-III work effort, in order to reduce the potential for flood-
ing which might accompany future development.

Hydrologic modeling of the basin was performed utilizing the U.S. Army

Corps of Engineers HEC-1 flood-hydrograph computer program. The analysis was
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performed assuming installation of the detention/retention facilities dis-
cussed above. Due to either the lack of development or detailed plans for
development within the basin, the hydrologic modeling performed was of a very
approximate nature.

The following sub-sections describe the improvements and policies pro-
posed for each of the major drainage elements within the Lewis Springs Wash
Basin. Table 3.5.1, which follows the above sub-sections, lists the estimated
costs for the proposed improvements.

3sb:1 Lewis Springs Wash

3.5.1-1 At the Avenida Cochise Alignment, and at the Tributary Con-
fluence Located within the Northeast Quarter of Section 4,
Township 22 South, Range 21 East

It is proposed that detention/retention basins be constructed at these
sites both to effect reduction of downstream peaks and to serve as storage for
water re-use. These locations represent potential future park and/or school
sites under the city's open-space and recreation plan, which would allow for
multi-use concepts to be utilized in the development of these basins. The
proposed basins would require acquisition of approximately 17.3 and 26.8
acres of land, respectively, in order to accommodate the proposed detention/
retention basins, including sediment-storage requirements as well as multi-
use or aesthetic requirements and amenities which may be deemed appropriate
(or necessary) as a part of final design. Because of the approximate nature
of the hydrologic modeling performed for this basin, the land-acquisition re-
quirements listed above, and the design parameters shown on the figures which
follow, should be considered very approximate. The location and orientation
of the proposed basins are shown, in plan view, on Sheets 43 and 46 of the
Conceptual Plan-Sheet Set. Figures 3.5A and 3.5B show the conceptual cross
sections for the basins.
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Highway 92 to the Tributary Confluence Located within the

Northeast Quarter of Section 4, Township 22 South, Range 21

East

At present, Lewis Springs Wash has almost no definition along this approx-

imately 3.6-mile-long reach. Due to the lack of a defined drainageway, it is

proposed that a Flood and Erosion Control Corridor (FECC) be created along

this reach in order to accommodate future drainage and open-space needs and

requirements. The FECC shall be defined as follows:

a)

b)

Where implementation of the FECC results in an encroachment on the 100-
year floodway, the 100-year floodway shall control.

A 200-foot-wide strip composed of

A 100-foot-wide drainageway, centered on the FECC, within which
improvements can be made; and,

50-foot set-backs from each side of the 100-foot-wide drainage-
way for flood and erosion protection.

of the 1imits of the FECC will require floodplain mapping.

Improvements within the 100-foot-wide drainageway of the FECC, defined in

(a) above, should adhere to the following restrictions:

a)

b)

c)

d)

Excavation of a channel designed to accommodate 1.25 times the
100-year peak discharge (with appropriate freeboard) should be
required when the discharge is from a detention/retention faci-
Tity;

Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30, and side slopes no
steeper than 3:1;

Channel lining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;

Where deemed appropriate or necessary, channel lining should be

accomplished using native vegetation and/or materials which

A detailed determination
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have a minimal visual impact. Channel lining using concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible regulatory agency; and,

e) Where deemed appropriate or necessary by the responsible regu-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year-
design  improvements are made. The 100-year-design improve-
ments must include bank stabilization, with appropriate
freeboard, and grade-control improvements to assure maintenance
of Tlong-term bed stability.

[t is proposed that only the types of improvements described above be
allowed to occur within the FECC. It is recommended that proposals to make
extensive channel improvements within the FECC (as allowed within the above
provisions) be scrutinized carefully to ensure that the interests of the par-
ties proposing the improvements are balanced against the greater interests of
the community, which are to achieve the stated goals of maintaining the
integrity of the existing drainage systems.

The proposed alignment of the FECC described above is shown, in plan
view, on Sheets 39, 40, 42, 43, and 46 of the Conceptual Plan-Sheet Set.

3.5.1-3 The Tributary Confluence Located within the Northeast Quarter
of Section 4, Township 22 South, Range 21 East to Highway 90

Because of the limited extent of development and the mature riparian en-
vironment adjacent to the channel along the drainageway, and also because of
the reduction in the need for flood-control improvements resulting from deten-
tion at the above-referenced locations, it is recommended that this reach be
maintained in its existing state. It is proposed that future development
observe a Natural Drainageway Maintenance Corridor (NDMC), defined as
follows:

a) The 100-year floodway; or,

b) The limits of the riparian vegetation zone; or,
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c) A 50-foot setback from each bank of the low-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open- .
space/recreation uses that are compatible with the.intended use and purpose of
the NDMC. It is also proposed that one cell be added to the existing two-
cell, eight-foot-wide by five-foot-high CBC structure located at Highway 90.
The approximate aerial extent of the NDMC, as described above, is shown on
Sheets 46 and 47 of the Conceptual Plan-Sheet Set. A detailed determination
of the limits of the NDMC will require floodplain mapping of the wash.

3.5.1-4  Highway 90 to Moson Road

This unimproved reach runs through the city's existing wastewater-treat-
ment facility. It is recommended that this reach be maintained in its exist-
ing state. However, it is proposed that future development, if any, observe a
Natural Drainageway Maintenance Corridor (NDMC), defined as follows:

a) The 100-year floodway; or,
b) The limits of the riparian vegetation zone; or,

c) A 100-foot setback from each bank of the low-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open-
space/recreation uses that are compatible with the intended use and purpose of
the NDMC. It is also proposed that a 100-year-design bridge or culvert struc-
ture be constructed at the Moson Road crossing at a future date when the road-
way is improved. The approximate aerial extent of the NDMC, as described
above, 1is shown on Sheet 27 of the Conceptual Plan-Sheet Set. A detailed
determination of the limits of the NDMC will require floodplain mapping of the
wash.

Because of the availablility of City Land adjacent to the wash at the

site of the City's Wastewater-Treatment facility, located in Section 34,
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Township 21 South, Range 21 East, it is recommended that a site be set aside
for development of a facility to serve beneficial uses only. The location

proposed for such a facility is shown on Sheet 27 of the Conceptual Plan-Sheet
Set.
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TABLE 3.5.1

QUANTITIES AND COST ESTIMATE*
FOR LEWIS SPRINGS WASH BASIN IMPROVEMENTS

ITEM

QUANTITY

UNIT COST

TOTAL COST

DETENTION/RETENTION BASIN
EXCAVATION:

a) Lewis Springs Wash

- at Avenida Cochise
Alignment

- at the Tributary
Confluence, located
within the North-
east Quarter within
Section 4, T22S,
R21E, to Highway 90

DETENTION/RETENTION LAND'

ACQUISITION:

a) Lewis Springs Wash

- at Avenida Cochise
Alignment

- at the Tributary
Confluence, located
within the North-
east Quarter of
Section 4, T22S,
R21E, to Highway 90

DETENTION/RETENTION
OUTFLOW STRUCTURES:

a) Lewis Springs Wash

- at Avenida Cochise
Alignment

111,000 yd3

404,000 yd®

17.3 ac

26.8 ac

97 yd®

$2/yd3

$2/yd3

$20,000/ac

$20,000/ac

$275/yd>

$ 222,000

$ 808,000

$ 346,000

$ 536,000

$ 27,000

(CONTINUED ON NEXT PAGE)
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TABLE 3.5.1. (CONTINUED)
ITEM QUANTITY UNIT COST TOTAL COST
- at the Tributary
Confluence, located
within the North-
east Quarter of
Section 4, T22S, 3 3
R21E, to Highway 90 52 yd $275/yd $ 14,000
BRIDGE OR CULVERT-
CROSSING STRUCTURES:
a) Lewis Springs Wash
- at Highway 92 124 yd® $275/yd> § 34,000
- at Highway 90 59 yd° $275/yd> § 16,000
- at Moson Road 457 yd3 $275/yd> § 126,000
Estimated Improvement Cost : $2,129,000
Engineering and Construction Management
@ 15% of Estimated Improvement Costs: $ 319,000
Contingencies @ 20% of Estimated
Improvement Costs: $ 426,000
TOTAL ESTIMATED COST: $2,874,000

* Costs shown are to nearest $1,000.

Except where noted, costs

do not include right-of-way acquisition necessary for improve-

ments

t Unit costs for land acquisition are based on local per-square-

foot costs supplied by the City of Sierra Vista.

may vary significantly.

Actual costs
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3.6 Bakarich-McCool Wash Basin

The Bakarich-McCool Wash Basin runs parallel to, and southeast of, the
Lewis Springs Wash Basin. The two basins are virtually identical in terms of
drainage characteristics and development. Existing development is limited to
the Bakarich-McCool Ranch and a few scattered homes, with proposed future
development similar to that proposed for the Lewis Springs Wash Basin. Road-
way drainage crossings are currently limited to Moson Road, where improvements
are inadequate or non-existent.

The following paragraph summarizes the basic surface-water management
plan selected for the basin as a result of the Phase-II Evaluation Process:

ALLOW IMPROVEMENTS COMPATIBLE WITH THE TYPE OF DEVELOPMENT PLANNED

FOR THE BASIN, WITH MORE EXTENSIVE IMPROVEMENTS ALLOWED AT THE UP-

STREAM END OF THE BASIN, WHERE HIGHER-DENSITY DEVELOPMENT IS TO BE

LOCATED. STRICTER FLOODPLAIN-MANAGEMENT POLICIES SHOULD BE APPLIED

DOWNSTREAM, WHERE LESS-DENSE DEVELOPMENT AND PARK/OPEN-SPACE USES

ARE PLANNED. DETENTION/RETENTION COULD BE INCORPORATED AS A PART OF

THE PLAN.

The proposed plan developed under this phase provides for the establish-
ment of Flood and Erosion Control Corridors (FECCs) along both Bakarich-McCool
Wash and it's northerly tributary (hereafter referred to as North Branch
Bakarich-McCool Wash), which are the main drainage elements within the basin.
Establishment of FECCs within the basin will provide for defined watercourses
to which runoff can be concentrated and drained. In implementing the FECC
concept, it 1is important for future development to adhere to the existing
watershed-boundary definition, so that diversion of runoff does not occur into
areas where concentration of excess runoff is not planned. The plan also pro-
poses implementation of detention/retention at one location on Bakarich-McCool
Wash, identified as a part of the Phase-III work effort, in order to reduce
the potential for flooding which might accompany future development.

Hydrologic modeling of the basin was performed on Bakarich-McCool Wash
utilizing the U.S. Army Corps of Engineers flood-hydrograph computer program.
The analysis was performed assuming installation of the detention/retention
facility discussed above. Due to either the lack of development or detailed
plans for development within the basin, the hydrologic modeling performed was

of a very approximate nature.
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The following sub-sections describe the improvements and policies pro-
posed for each of the major drainage elements within the Bakarich-McCool Wash
Basin. Table 3.6.1, which follows the above sub-sections, lists the estimated
costs for the proposed improvements.

3.6.1 Bakarich-McCool Wash

3.6.1-1 Near the West Section Line of Section 9, Township 22 South
Range 21 East

It is proposed that a detention/retention basin be constructed at this
site both to effect downstream peak reduction and to serve as storage for
water re-use. The proposed site is located near a potential future park
and/or school site proposed under the city's open-space and recreation plan.
Use of the proposed detention/retention facility site for a park and/or school
site would allow for multi-use concepts to be utilized in the development of
the basin. The proposed basin would require acquisition of approximately 17.3
acres of land in order to accommodate the proposed detention/retention basin,
including sediment-storage requirements as well as multi-use or aesthetic
requirements and amenities which may be deemed appropriate (or necessary) as a
part of final design. Because of the approximate nature of the hydrologic
modeling performed for this basin, the land acquisition requirements noted
above, as well as the design parameters shown on the figure which follows,
should be considered very approximate. The location and orientation of the
proposed basin is shown, in plan view, on Sheet 53 of the Conceptual Plan-
Sheet Set. It should be noted that Sheets 48 through 53, inclusive, of the
Conceptual Plan-Sheet Set are at a scale of one-inch to two-hundred feet.
Figure 3.6A shows the conceptual cross section for the basin.
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3.6.1-2 The North-South Midsection Line of Section 17, Township 22,
South, Range 21 East, to the East Section Line of Section 9,
Township 22 South, Range 21 East

At present, Bakarich-McCool Wash has almost no definition along this
approximately 1.8-mile-long reach. Due to the lack of a defined drainageway,
it is proposed that a Flood and Erosion Control Corridor (FECC) be created
along this reach, and along the short tributary reach located in the southeast
quarter of Section 8, Township 22 South, Range 21 East, in order to accom-
modate future drainage and open-space needs and requirements. The FECC along
this reach shall be defined as follows:

- A 200-foot-wide strip composed of

a) A 100-foot-wide drainageway, centered on the FECC, within which
improvements can be made; and,

b) 50-foot set-backs from each side of the 100-foot-wide drainage-
way for flood and erosion protection.

Where implementation of the FECC results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the limits of the FECC will require floodplain mapping.

Improvements within the 100-foot-wide drainageway of the FECC, defined in
(a) above, should adhere to the following restrictions:

a) Excavation of a channel designed to accommodate 1.25 times the
100-year peak discharge (with appropriate freeboard) should be
required when the discharge is from a detention/retention faci-
11ty

b) Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30, and side slopes no
steeper than 3:1;

c) Channel lining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;
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d) Where deemed appropriate or necessary, channel lining should be
accomplished using native vegetation and/or materials which
have a minimal visual impact. Channel lining using concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible regulatory agency; and,

e) Where deemed appropriate or necessary by the responsible requ-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year-
design improvements are made. The 100-year-design improvements
must include bank stabilization, with appropriate freeboard,
and grade-control improvements to assure maintenance of long-
term bed stability.

It is proposed that only the types of improvements described above be
allowed to occur within the FECC. It is recommended that proposals to make
extensive channel improvements within the FECC (as allowed within the above
provisions) be scrutinized carefully to ensure that the interests of the par-
ties proposing the improvements are balanced against the greater interests of
the community, which are to achieve the stated goals of maintaining the
integrity of the existing drainage systems.

The proposed alignment of the FECC described above is shown, in plan
view, on Sheets 43, 44 and 53 of the Conceptual Plan-Sheet Set. It should be
noted that Sheets 48 through 53, inclusive, of the Conceptual Plan-Sheet Set
are at a scale of one-inch to four-hundred feet; while Sheets 13 through 47,
inclusive, are at a scale of one-inch to two-hundred feet.

3.6.1-3  West Section Line of Section 10, Township 22 South, Range 21
East to Moson Road

At present, Bakarich-McCool Wash has almost no definition along this ap-
proximately l.l-mile-long reach. It is proposed that a Flood and Erosion
Control Corridor (FECC) be created along this reach in order to accommodate
future drainage requirements. The FECC along this reach shall be defined as
follows:
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- A 300-foot-wide strip composed of

a) A 100-foot-wide drainageway, centered on the FECC, within which
improvements can be made; and,

b)  100-foot set-backs from each side of the 100-foot-wide drain-
ageway for flood and erosion protection.

Where implementation of the FECC results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the Timits of the FECC will require floodplain mapping.

Improvements within the 100-foot-wide drainageway of the FECC, defined in
(a) above, should adhere to the following restrictions:

a) Excavation of a channel designed to accommodate 1.25 times
the 100-year peak discharge (with appropriate freeboard)
should be required when the discharge is from a detention/
retention facility; '

b)  Excavated channel sections, where deemed necessary, should have
width-to-depth ratios- no greater than 30, and side slopes no
steeper than 3:1;

c) Channel lining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;

d) Where deemed appropriate or necessary, channel lining should
be accomplished using native vegetation and/or materials which
have a minimal visual impact. Channel lining usiﬁg concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible regulatory agency; and

b

e) Where deemed appropriate or necessary by the responsible regu-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year-
design improvements are made. The 100-year-design improvements
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must include bank stabilization, with appropriate freeboard,
and grade-control improvements to assure maintenance of long-
term bed stability.

It is proposed that only the types of improvements described above be
allowed to occur within the FECC. It is recommended that proposals to make
extensive channel improvements within the FECC (as allowed within the above
provisions) be scrutinized carefully to ensure that the interests of the par-
ties proposing the improvements are balanced against the greater interests of
the community, which are to achieve the stated goals of maintaining the inte-
grity of the existing drainage systems.

The proposed alignment of the FECC described above is shown, in plan
view, on Sheet 53 of the Conceptual Plan-Sheet Set. It should be noted that
Sheets 48 through 53, inclusive, of the Conceptual Plan-Sheet Set are at a
scale of one-inch to four-hundred feet; while Sheets 13 through 47, inclusive,
are at a scale of one-inch to two-hundred feet. It is also proposed that a
100-year-design bridge or culvert structure be constructed at the Moson Road
crossing at a future date when major improvements are made to the roadway.

Although the plan proposed for this reach allows for improvements to the
drainageway within the FECC, it is strongly recommended that if the area is
retained in its natural state for park/open-space uses, as proposed in the
City's "Vista 2000" plan, no improvements be allowed within the FECC, except
those associated with open-space/recreation uses.

3.6.2 North Branch Bakarich-McCool Wash

3.6.2-1 The North-South Midsection Line of Section 8, Township 22
South, Range 21 East, to the East Section Line of Section 3,
Township 22 South, Range 21 East

At present, the North Branch Bakarich-McCool Wash has almost no defini-
tion along this approximately 1.9-mile-long reach. Due to the lack of a de-
fined drainageway within this reach, it is proposed that a Flood and Erosion
Control Corridor (FECC) be created along this reach in order to accommodate
future drainage and open-space needs and requirements. The FECC along this
reach shall be defined as follows:
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- A 200-foot-wide strip composed of

a) A 100-foot-wide drainageway, centered on the FECC, within which
improvements can be made; and,

b)  50-foot set-backs from each side of the 100-foot-wide drain-
ageway for flood and erosion protection.

Where implementation of the FECC results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the limits of the FECC will require floodplain mapping.

Improvements within the 100-foot-wide drainageway of the FECC, defined in
(a) above, should adhere to the following restrictions:

a) Excavation of a channel designed to accommodate 1.25 times
the 100-year peak discharge (with appropriate freeboard)
should be required when the discharge is from a detention/
retention facility;

b)  Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30, and side slopes no
steeper than 3:1;

c)  Channel lining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;

d)  Where deemed appropriate or necessary, channel lining should be
accomplished using native vegetation and/or materials which
have a minimal visual impact. Channel lining using concrete or
other visually obtrusive materials should be avoided, unless

explicitly permitted by the responsible regulatory agency; and,

e) Where deemed appropriate or necessary by the responsible requ-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year-
design improvements are made. The 100-year-design improvements
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must include bank stabilization, with appropriate freeboard,
and grade-control improvements to assure maintenance of long-
term bed stability,

It is proposed that only the types of improvements described above be
allowed to occur within the FECC. It is recommended that proposals to make
extensive channel improvements within the FECC (as allowed within the above
provisions) be scrutinized carefully to ensure that the interests of the par-
ties proposing the improvements are balanced against the greater interests of
the community, which are to achieve the stated goals of maintaining the
integrity of the existing drainage systems.

The proposed alignment of the FECC described above is shown, in plan
view, on Sheets 43, 46, and 53 of the Conceptual Plan-Sheet Set. It should be
noted that Sheets 48 through 53, inclusive, of the Conceptual Plan-Sheet Set
are at a scale of one-inch to four-hundred feet; while Sheets 13 through 47,
inclusive, are at a scale of one-inch to two-hundred feet.

3.6.2-2  West Section Line of Section 3, Township 22 South, Range 21
East to Moson Road '

At present, the North Branch Bakarich-McCool Wash has almost no defini-
tion along this approximately 1.1-mile-long reach. It is proposed that a Flood
and Erosion Control Corridor (FECC) be created along this reach to accommodate
future drainage and open-space needs and requirements. The FECC along this
reach shall be defined as follows:

- A 300-foot-wide strip composed of

a) A 100-foot-wide drainageway, centered on the FECC, within which
improvements can be made; and,

b) 100-foot set-backs from each side of the 100-foot-wide drain-
ageway for flood and erosion protection.

Where implementation of the FECC results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the limits of the FECC will require floodplain mapping.
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Improvements within the 100-foot wide drainageway of the FECC, defined in
(a) above, should adhere to the following restrictions:

a) Excavation of a channel designed to accommodate 1.25 times the
100-year peak discharge (with appropriate freeboard) should be
required when the discharge is from a detention/retention faci-
Tty

b)  Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30,and side slopes no
steeper than 3:1;

¢)  Channel 1lining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;

d) Where deemed appropriate or necessary, channel lining should
be accomplished using native vegetation and/or materials which
have a minimal visual impact. Channel lining using concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible regulatory agency; and,

e) Where deemed appropriate or necessary by the responsible requ-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year-
design improvements are made. The 100-year-design improve-
ments must include bank stabilization, with appropriate free-
board, and grade-control improvements to assure maintenance of
long-term bed stability.

[t is proposed that only the types of improvements described above be
allowed to occur within the FECC. It is recommended that proposals to make
extensive channel improvements within the FECC (as allowed within the above
provisions) be scrutinized carefully to ensure that the interests of the par-
ties proposing the improvements are balanced against the greater interests of
the community, which are to achieve the stated goals of maintaining the
integrity of the existing drainage systems.
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The proposed alignment of the FECC described above is shown, in plan
view, on Sheet 47 of the Conceptual Plan-Sheet Set. It is also proposed that a
100-year-design bridge or culvert structure be constructed at the Moson Road
crossing at a future date when the roadway is improved.

Although the plan proposed for this reach allows for improvements to the
drainageway within the FECC, it is strongly recommended that if the area is
retained in its natural state for park/open-space uses, as proposed in the
City's "Vista 2000" plan, no improvements be allowed within the FECC, except
those associated with open-space/recreation uses.
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TABLE 3.6.1

QUANTITIES AND COST ESTIMATE"

FOR BAKARICH-MCCOOL WASH BASIN IMPROVEMENTS

SLA, INC.

ITEM

QUANTITY

UNIT COST

TOTAL COST

DETENTION/RETENTION BASIN
EXCAVATION:

a) Bakarich-McCool Wash

- Near the West
Section of Line of

Section 9, Township .

22S, Range 21E

DETENTION/RETENTION LAND'

ACQUISITION:
a) Bakarich-McCool Wash
- Near the West
Section of Line of
Section 9, Twonship
225, Range 21E

DETENTION/RETENTION
OUTFLOW STRUCTURES:

a) Bakarich-McCool Wash
- Near the West
Section Line of
Section 9, Township
225, Range 21E

BRIDGE OF CULVERT-CROSSING
STRUCTURES:

a) Bakarich-McCool Wash

- at Moson Road

61,000yd>

14.1 ac

97 yd

524 yd

$2/yd3

$20,000/ac

$275/yd>

$275/yd>

$ 121,000

$ 282,000

$ 27,000

$ 144,000

(CONTINUED ON NEXT PAGE)
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TABLE 3.6.1 (CONTINUED)
ITEM QUANTITY UNIT COST TOTAL COST
b) North Branch Bakarich-
McCool Wash
- at Moson Road 398 yd® $275/yd’ $ 109,000
Estimated Improvement Costs: $ 683,000
Engineering and Construction Management
@ 15% of Estimated Improvement Costs: : $ 102,000
Contingencies @ 20% of Estimated
Improvement Costs: $ 137,000
TOTAL ESTIMATED COST: $ 922,000

* Costs shown are to nearest $1,000. Except where noted, costs
do not include right-of-way acquisition necessary for improve-
ments

t Unit costs for land acquisition are based on local per-square-
foot costs supplied by the City of Sierra Vista. Actual costs
may vary significantly.
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3.7 Garden Canyon Basin

The Garden Canyon Basin is located to the south of the Sierra Vista urban
area. Most of the upstream portions of the basin are situated on the Ft.
Huachuca Military Reservation, with the basin headwaters situated in the upper
elevations of the Huachuca Mountains. The major drainageway within the basin
is Garden Canyon Wash. This wash drains the largest, single watershed within
the study area, with nearly twenty square miles concentrating flow at a point
Jjust downstream of the military reservation boundary. Currently, urbanization
within the basin is marginal, and is limited to low-density residential deve-
lopments Tlocated adjacent to Highway 92. The washes within the basin are
almost all in their natural riparian state, with few improved or otherwise
altered segments. Proposed land use within the privately-owned portion of
the basin is limited to single-family residential development, with park/
open-space uses proposed for the most downstream portion of the basin.

Drainage conditions within the basin vary. Garden Canyon Wash and its
major tributaries are, for the most part, fairly well defined; although some
reaches, particularly along the tributaries, are very wide and shallow. The
channels are generally not of sufficient capacity to convey the 100-year dis-
charge without significant overbank flooding. Similarly, the culvert cross-

ings at both Highway 92 and Moson Road, on Garden Canyon Wash and its tribu-
taries, have less than 100-year capacity.

The following paragraphs summarize the basic surface-water management
plan selected for the basin as a result of the Phase Il Evaluation Process:

GARDEN CANYON WASH: CONSTRUCT A DETENTION/RETENTION FACI-
LITY ON GARDEN CANYON WASH AT THE MILITARY RESERVATION
BOUNDARY TO REDUCE DOWNSTREAM PEAKS. A VERY LARGE STORAGE
VOLUME WOULD BE REQUIRED TO EFFECT SIGNIFICANT PEAK REDUC-
TION FOR THE APPROXIMATELY TWENTY-SQUARE-MILE DRAINAGE
AREA CONCENTRATING AT THE MILITARY RESERVATION BOUNDARY .
HOWEVER IT IS ANTICIPATED THAT A FACILITY AT THIS LOCATION
WOULD SUBSTANTIALLY REDUCE BOTH FUTURE CULVERT AND CHANNEL -
IMPROVEMENT NEEDS DOWNSTREAM.

GARDEN CANYON WASH TRIBUTARIES: ALLOW/CONSTRUCT CHANNEL
MPROVEMEN .E., EXCAVATION, LINING) AS NEEDED TO CON-
FINE THE 100-YEAR EVENT TO ALLOW ENCROACHMENT OF DEVELOP-
MENT.  ALONG REACHES OF HIGHER CAPACITY, LIMIT IMPROVE-
MENTS TO THOSE CONSISTENT WITH CURRENT DESIGN STANDARDS.
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PROVIDE 100-YEAR CULVERT CROSSINGS ON ARTERIAL AND COLLEC-
TOR STREETS, INCLUDING REPLACEMENT/IMPROVEMENT OF EXISTING
CROSSINGS OF HIGHWAY 92 AND MOSON ROAD.

Upon review of the storage requirements needed to accomplish significant
peak reduction on Garden Canyon Wash, it was determined that construction of a
conventional (i.e., either an "at-grade" or "below-grade" facility) would be
impractical. Construction of such a facility would require excavation of over
one hundred feet in depth, in some locations, due to the steep slope of the
existing terrain. Because of the above problems, a different approach was
taken in developing an alternative for this basin, while still utilizing the
detention/retention concept. A general discussion of the proposed plan is
provided in the following paragraphs.

It is proposed that a conventional earth-filled dam be constructed on
Garden Canyon Wash for flood-control, recreation, and water-resource purposes.
The proposed dam, and resulting floodwater-impoundment area, would be located
within the south half of Section 23, Township 22 South, Range 20 East, and the
north half of Section 26, Township 22 South, Range 20 East (see Sheet 49 of
the Conceptual Plan-Sheet Set). The dam would be 1located primarily on
privately-owned land, however the most northwest portion of the dam, and
approximately half of the floodwater-impoundment area, would be located on the
Fort Huachuca Military Reservation. A significant component of the proposed
plan is a collector channel which would divert runoff generated within the
Huachuca Mountains south of Garden Canyon Wash into the proposed impoundment
facility (see Sheets 49 and 50 of the Conceptual Plan-Sheet Set). The pro-
posed collector channel would divert runoff as far south as Ramsey Canyon
Wash, which currently poses a flood hazard to areas downstream of Highway 92
(see Section 3.8 on the Ramsey Canyon Basin). The flood-control project
described above would effectively intercept nearly all runoff generated bet-
ween Garden Loop and Ramsey Canyon Road, west of the proposed dam and collec-
tor channel. The proposed alignment of the above-referenced collector channel
is shown on Sheets 49 and 50 of the Conceptual Plan-Sheet Set. In addition to
its flood-control potential, the proposed dam envisioned under this plan would
create a perennial lake with a maximum surface area of approximately 87 acres,
and a maximum depth of 30 ft. A lake of this size would be an exceptional
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recreational amenity for Sierra Vista and Cochise County, as well as for
Southern Arizona in general. The lake would also provide storage of storm-
water runoff; and its subsequent use for municipal purposes, should such a use
be deemed desirable or necessary. Implementation of the Natural Drainageway
Maintenance Corridor and Flood and Erosion Control Corridor concepts is pro-
posed for downstream tributary reaches, and along Garden Canyon Wash
downstream of the proposed dam and lake.

Hydrologic modeling of the downstream reaches of Garden Canyon Wash was
performed utilizing the U.S. Army Corps of Engineers HEC-1 flood-hydrograph
computer program. The analysis was performed assuming installation of the
proposed dam and collector channel. Due to the lack of either existing deve-
lopment or detailed plans for development within the downstream portion of the
basin, the hydrologic modeling performed was of a very approximate nature.

The following sub-sections describe the improvements and policies pro-
posed for the major drainage elements within the Garden Canyon Basin. Table
3.7.1, which follows the above sub-sections, 1ists the estimated costs for the
proposed improvements.

3.7.1 Garden Canyon Wash

3.7.1-1 MWithin Sections 23 and 26 of Township 22 South, Range 20 East
It is proposed that a dam be constructed and a perennial lake created at
this location for (1) storage of floodwaters for the reduction of downstream

flooding potential, (2) recreational purposes, and (3) storage of stormwater
runoff to augment existing water resources. It is also proposed that a
collector channel be constructed which would divert runoff generated within
the Huachuca Mountains, south of Garden Canyon Wash, into the proposed flood-
control facility. The proposed location for the dam, its floodwater-impound-
ment area, and the collector channel are shown, in plan view, on Sheets 49 and
50 of the Conceptual Plan-Sheet Set. The privately-owned portion of the land
proposed for the dam and its floodwater-impoundment area represents an area '
which is currently undeveloped, and is not proposed for high-density develop-
ment in the future. The areas downstream of the proposed dam and collector
channel are areas where residential development is planned, and where signifi-
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cant flooding potential appears to exist. A portion of the proposed dam and
Take would be located on the Fort Huachuca Military Reservation. The maximum
surface area behind the dam (including the area covered by the dam) would be
approximately 300 acres. The dam would have a maximum height of approximately
70 feet, and this would occur at the point where the dam meets the wash.
Total length, as measured along the top of the dam, would be slightly less
than 7000 feet. As a conservative estimate, it could be assumed that the pro-
posed dam, including its floodwater-impoundment area and any required or
desired recreational or aesthetic amenities, would cover most of the south
half of Section 23, Township 22 South, Range 20 East, and the north half of
Section 26, Township 22 South, Range 20 East (including those portions which
lie within the military reservation) except for the most eastern 1000 feet of
the above half-sections. The 1land acquisition required under the above
assumptions would be 520 acres. Of the above-described acreage, approximately
250 acres is privately-owned land, while the remaining 270 acres is situated
on the Fort Huachuca Military Reservation. Figures 3.7 and 3.7B show the con-
ceptual cross-section for the proposed dam/impoundment area and the collector
channel, respectively.
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3.7.1-2 MWest Section Line of Section 24, Township 22 South, Range
20 East, to Highway 92

Because of the limited extent of development, the mature riparian en-
vironment adjacent to the channel along most reaches of the wash, and the re-
duction in the need for flood-control improvements resulting from implemen-
tation of the proposed upstream flood-control dam, it is recommended that this
reach be maintained in its existing state. It is proposed that future deve-
lopment observe a Natural Drainageway Maintenance Corridor (NDMC), defined as
follows:

a) The 100-year floodway; or,
b) The limits of the riparian vegetation zone; or,

c) A 50-foot setback from each bank of the Tlow-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except associated drainage structures and open-space/
recreation uses that are compatible with the intended use and purpose of the
NDMC. The approximate aerial extent of the NDMC, as described above, is shown
on Sheet 49 of the Conceptual Plan-Sheet Set. A detailed determination of the
Timits of the NDMC will require flood mapping of the wash.

[t should be noted that only a preliminary delineation of the NDMC could
be made where excavation within the wash has taken place. It is recommended
that the NDMC for this segment be redefined at the time, if any, that excava-
tion is discontinued, and the channel regains definition.

If the flood-control dam is not constructed, it is recommended that cri-
teria (c) above be revised to call for a 100-foot setback, instead of a 50-
foot setback; and adherence to criteria (a) must be based on the existing,
uncontrolled, 100-year peak discharge. In addition, the bridge structure at
Highway 92 should be improved, or replaced, in order to accommodate the 100-
year peak discharge, if the dam is not constructed.

3.7.1-3  Highway 92 to Moson Road
Because of the limited extent of development, the mature riparian envi-_
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ronment adjacent to the channel along most reaches of the wash, and‘the reduc-
tion in the need for flood-control improvements resulting from implementation
of the proposed upstream flood-control dam, it is recommended that this reach
be maintained in its existing state. It is proposed that future development
observe a Natural Drainageway Maintenance Corridor (NDMC), defined as
follows:

a) The 100-year floodway; or,
b) The Timits of the riparian vegetation zone; or,

c) A 100-foot setback from each bank of the low-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except associated drainage structures and open-space/
recreation uses that are compatible with the intended use and purpose of the
NDMC. The approximate aerial extent of the NDMC, as described above, is shown
on Sheets 40, 41, 44, 45, 53 and 54 of the Conceptual Plan-Sheet Set. A
detailed determination of the limits of the NDMC will require flood mapping of
the wash.

It should be noted that only a preliminary delineation of the NDMC could
be made where excavation within the wash has taken place. It is recommended
‘that the NDMC for this segment be redefined at the time, if any, that excava-
tion is discontinued, and the channel regains definition.

If the flood-control dam referenced in Section 3.7.1 is not constructed,
adherence to criteria (b) must be based on the existing (i.e., uncontrolled)
100-year peak discharge.

e o Garden Canyon Wash Tributaries, Fort Huachuca Military Reser-
vation and National Forest Service Boundaries to Moson Road

Because of the limited extent of development, the mature riparian environ-
ment adjacent to the channel along most reaches of these tributaries, and the
reduction in the need for flood-control improvements resulting from implemen-
tation of the proposed upstream flood-control dam and collector channel, it is
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recommended that Natural Drainageway Maintenance Corridors (NDMCs) and Flood

and Erosion Control Corridors (FECCs) be created along the tributaries to

Garden Canyon Wash within the study area (i.e., between Fort Huachuca and the

National Forest on the upstream side, and Moson Road on the downstream side).
NDMCs, where applicable, shall be defined as follows:

a) The 100-year floodway; or,
b) The limits of the riparian vegetation zone; or,

c) A 50-foot setback from each bank of the low-flow channel, for
watercourses draining watersheds of 0.2 to 1.5 square miles; or
a 100-foot setback from each bank of the low-flow channel, for

watercourses draining watersheds greater than 1.5 square
miles.

Whichever of the above (a, b, or c) is most restrictive shall control.
It is proposed that no development and/or improvements be allowed to occur
within the NDMCs, except for associated drainage structures and open-space/

recreation uses that are compatible with the intended use and purpose of the
NDMCs.

FECCs, where applicable, shall be defined as follows:
- A 200-to-300-foot-wide strip composed of

a) A 100-foot-wide drainageway, centered on the FECCs, within
which drainage improvements can be made; and,

b)  Setbacks for flood and erosion protection measuring 50-feet
from each side of the 100-foot-wide drainageway for watercour-
ses draining watersheds of 0.2 to 1.5 1.5 square miles; or
100-foot setbacks from each side of the 100-foot-wide drain-
ageway for watercourses draining watersheds greater than 1.5
square miles. The setback restriction may be reduced to 20
feet from the top-of-bank in instances where improvements are
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made within the 100-foot-wide drainageway in order to accom-
modate the 100-year flood (see requirements for 100-year-désign
improvements below).

Where implementation of the FECCs results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the limits of the FECCs will require floodplain mapping.

Improvements within the 100-foot-wide drainageway of the FECCs, defined
in (a) above, should adhere to the following restrictions:

a) Excavation of a channel designed to accommodate 1.25 times the
100-year peak discharge {with appropriate freeboard) should be
required when the discharge is from a detention/retention faci-
lity;

b) Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30, and side siopes no
steeper than 3:1;

¢) Channel lining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;

d) Where deemed appropriate or necessary, channel 1ining should be
accomplished using native vegetation and/or materials which
have a minimal visual impact. Channel lining using concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible regulatory agency; and,

e) Where deemed appropriate or necessary by the responsible regu-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year-
design improvements are made. The 100-year-design improvements
must include bank stabilization, with appropriate. freeboard,
and grade-control improvements to assure maintenance of long-
term stability.
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It is proposed that only the types of improvements described above be
allowed to occur within the FECCs. It is recommended that proposals to make
extensive channel improvements within the FECCs (as allowed within the above
provisions) be scrutinized carefully to ensure that the: interests of the par-
ties proposing the improvements are balanced against the greater interests of
the community, which are to achieve the stated goals of maintaining the
integrity of the existing drainage systems.

The areal extent of the NDMCs and FECCs for the Garden Canyon Basin, as
described above, are shown on Sheets 41, 44, 45, 51, 53, and 54 of the Concep-
tual Plan-Sheet Set. A detailed determination of the limits of the NDMCs and
FECCs will require flood mapping of the washes.

If the flood-control dam and collector channel referenced in Section
3.7.1 are not constructed, the above criteria should be imposed considering
contribution from those drainage areas which are proposed for interception by
the collector channel. Street-crossing improvements would also be needed at
some locations, if the collector channel is not constructed.
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TABLE 3.7.1

QUANTITIES AND COST ESTIMATE
FOR GARDEN CANYON BASIN IMPROVEMENTS

SLA, INC.

ITEM QUANTITY UNIT COST TOTAL COST -

COMPACTED FILL FOR 3 3
PROPOSED DAM: 2,795,000 yd $4/yd $11,180,000
SOIL-CEMENT FACING FOR 3 3 :
UPSTREAM SLOPE OF DAM: 104,000 yd $20/yd $ 2,080,000
EMERGENCY SPILLWAY AND
OUTLET WORKS: LS $1,500,000 $ 1,500,000
LAND ACQUISITION FOR DAMf
AND RESERVOIR STORAGE AREA 250 ac $20,000/ac $ 5,000,000
EXCAVATION FQR PROPOSED 3 3
COLLECTOR CHANNEL: ' 275,000 yd $2/yd 3 550,000
LAND ACQUISITION FOR PRO-
POSED COLLECTOR CHANNEL: 46 ac $20,000/ac $ 920,000
STREET-CROSSING
STRUCTURES:
a) Garden Canyon Wash

- at Moson Road 892 yd3 $275/yd> | $ 245,000
b) Garden Canyon Wash

Tributaries:

- at Moson Road (2) 562 yd° $275/yd> | §$ 155,000

(CONTINUED ON NEXT PAGE)
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TABLE 3.7.1 (CONTINUED)
IEstimated Improvement Costs: $21,630,000
Engineering and Construction Management
@ 15% of Estimated Improvement Costs: $ 3,245,000
Contingencies @ 20% of Estimated Improvement Costs: $ 4,326,000
TOTAL ESTIMATED COST: - $29,201,000

NOTE:

AP L S 4 ke S R A R R M S S S ks oy o oy

Costs shown are to nearest $1,000. Except where noted, costs
do not include right-of-way acquisition necessary for improve-
ments.

Unit costs for land acquisition are based on local per-spuare-
foot costs supplied by the City of Sierra Vista. Actual costs
may vary significantly.

It is assumed that the Tland on the Ft. Huachuca Military
Reservation will be utilized at no cost to the City of Sierra
Vista,
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3.8 Ramsey Canyon Basin

The Ramsey Canyon Basin is located at the southern limit of the study
area, with drainage generally flowing from southwest to northeast. This basin
is composed of many long, narrow sub-areas, with two major washes within the
basin: Ramsey Canyon Wash and Carr Canyon Wash., Drainage within the basin is
characterized by numerous wide, shallow drainageways which parallel one
another throughout the basin. As with Garden Canyon Basin, déveIopment within
the basin is currently limited to residential areas adjacent to Highway 92.
Proposed land use within the basin is single~-family residential, with park/
open-space uses proposed for the most downstream portions of the basin,

Because of the broad, shallow nature of the drainageways within the
basin, channel capacities -are generally limited. Culvert crossings of major
drainageways, where they exist, are generally of considerably less than
100-year capacity. Ramsey Canyon Wash is of primary concern regarding flood-
ing problems, especially where it runs through the Sierra Vista Estates
Mobile-Home Subdivision, located within Section 31, Township 22 South, Range
21 East. Channel capacity here is limited, and homes are Tocated immediately
adjacent to the wash. A similar condition exists along Richards Ranch Wash (a
tributary to Carr Canyon Wash), where it runs through the southern portion of
the above-referenced mobile-home subdivision.

Culvert crossing improvements are generally confined to Highway 92, Ram-
sey Canyon Road, and Moson Road. Capacities at all culvert Jocations along
these arterials are well below the 100-year level. Of particular concern is
the wooden bridge crossing of Ramsey Canyon Wash, on Ramsey Canyon Road, which
serves as the main access to homes within Ramsey Canyon. The bridge is of
very low capacity, relative to the 100-year discharge, and is in disrepair,

The following paragréph summarizes the basic surface-water management
plan selected for the basin as a result of the Phase Il Evaluation Process:

CONSTRUCT A DETENTION/RETENTION FACILITY ON RAMSEY CANYON
WASH AT THE PROPOSED PARK SITE LOCATED IN THE SOUTHEAST
CORNER OF SECTION 35, TOWNSHIP 22 SOUTH, RANGE 20 EAST.

DETENTION AT THIS SITE WOULD REQUIRE A VERY LARGE STORAGE
VOLUME TO EFFECY SIGNIFICANT PEAK REDUCTION, BUT SUCH A
FACILITY WOULD BE ANTICIPATED TO. GREATLY REDUCE DOWNSTREAM
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FLOODING WHICH AFFECTS THE MOBILE HOMES ALONG RAMSEY
CANYON WASH DOWNSTREAM OF HIGHWAY 92. A SIMILAR SOLUTION
MAY ALSC BE CONSIDERED FOR FLOODING PRGBLEMS ALONG RICHARDS
RANCH WASH BY IMPLEMENTING DETENTION/RETENTION IMMEDIATELY
UPSTREAM OF RAMSEY CANYON ROAD. FLOODING ALONG RICHARDS
RANCH WASH APPEARS TO AFFECT FEWER HOMES THAN FLOODING
ALONG RAMSEY CANYON. FLOODPLAIN-MANAGEMENT CONCEPTS
SHOULD BE APPLIED ALONG THE DOWNSTREAM REACHES WITHIN THE
BASIN.

Upon review of the storage requirements needed to accomplish significant
peak reduction on Ramsey Canyon Wash through detention/retention, it was de-
termined that construction of a conventional (i.e., an "at-grade" or "below-
grade" facility) would be impractical for much the same reasons as were cited
in Section 3.7 regarding problems in implementing such a strategy on Garden
Canyon Wash. Given the problems associated with detention/retention at this
location, along with the proximity of the dam and associated flood-control
reservoir proposed for Garden Canyon Wash, it is proposed that the collector
channel referenced in Section 3.7, and included as a part of the;Garden Canyon
Basin plan, be designed to extend south into the Ramsey Canyon Basin and
intercept Ramsey Canyon Wash just west of the Pueblo del Sol Village One sub-
division. Implementation of such a scheme would make the best economic use of
the dam and reservoir proposed in Section 3.7, while practically eliminating
existing flooding problems through the Sierra Vista Estates mobile-home sub-
division., Inspection of areal photographs of the area indicates that this
type of scheme for dealing with drainage has been employed in the past, on a
somewhat smaller scale, with drainageways having been constructed to divert
runoff around the Pueblo del Sol Village One and Huachuca Mountain Village
subdivisions, The other site proposed for implementation of detention/reten-
tion on Richards Ranch Nash upstream of Ramsey Canyon Road is included in this
pltan. Use of Natural Dfainageway Maintenance Corridors and Flood and Erosion
Control Corridors is proposed along downstream reaches within the basin.

Hydrologic modeling of Richards Ranch Wash was performed utilizing the
HEC-1 hydrograph-modeling package. The analysis was performed assuming
installation of the proposed detention/retention basin. Due to the lack of
development or detailed plans for development within the basin, the hydrologic
modeling performed was of a very approximate nature. '
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The following sub-sections describe the improvements and policies pro-
posed for the major drainage elements within the Ramsey Canyon Basin. Table
3.8.1, which follows the above sub-sections, 1ists the estimated costs for the
proposed improvements.

3.8.1 Ramsey Canyon Wash

3.8.1-1 Proposed Collector Channel
It is proposed that the collector channel referenced in Section 3.7.1 be

extended south to Ramsey Canyon Wash to intercept flows on the wash and divert
them to the floodwater-impoundment facility proposed on Garden Canyon Wash.
Impementation of this concept would effectively eliminate flooding potential
through the Sierra Vista Estates mobile-home subdivision; and would also
reduce or eliminate the need for street-crossing improvements on both Ramsey
Canyon Wash at Ramsey Canyon Road, within the Pueblo del Sol subdivision, and
at Highway 92. The 1ocatfon of the proposed collector channel, at the point
where it intercepts Ramsey Canyon Wash, is shown on Sheets 48 and 50 of the
Conceptual Plan-Sheet Set. Figure 3.7B (which appears in Section 3.7) shows
the conceptual cross section for the proposed channel.

It is recommended that the existing wash downstream of the proposed
interception point to Highway 92 be maintained and not be abandened, filled
in, or otherwise encroached upon, so as to preclude its use as a conveyor of
Tocal runoff. 1In the interest of maintaining the existing riparian environ-
ment along the wash through this reach (particularly upstream of the Pueblo
Del Sol Village 1 subdivision), it may be appropriate to incorporate a low-
flow "bleed system" into the inlet of the proposed collector channel so as to
allow very minor flows to bypass the collector channel and flow down the
existing wash--thereby supporting existing riparian growth.

3.8.1-2 Highway 92 to Tributary Confluence Downstream of Campobello
Avenue

Because of the limited extent of development, the mature riparian enviro-
nment adjacent to the channel along the wash, and the reduction in the need
for flood-control improvements resulting from implementation of the proposed

upstream collector channel, it is recommended that this reach be maintained in

1
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its existing state. It is proposed that future development observe a Natural
Drainageway Maintenance Corridor (NDMC)}, defined as follows:

a) The 100-year floodway; or,
b) The limits of the riparian vegetation zone; or,

c) A 50-foot setback from each bank of the Tow-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except associated drainage structures and open-space/
recreation uses that are compatible with the intended use and purpose of the
NDMC. The approximate areal extent of the NDMC, as described above, is shown
on Sheet 52 of the Conceptual Plan-Sheet Set. A detailed determination of the
limits of the NDMC will. require flood mapping of the wash. Flood mapping
should also be performed to determine whether any existing dwellings along the
wash are not protected. from flooding by the installation of the upstream
collector channel. The purchase of flood insurance should be recommended to
the owners of any dwellings not so protected.

If the collector channel is not constructed, it is recommended that cri-
teria {c) above be revised to call for a 100-foot setback instead of a 50-foot
setback, and that adherence to criteria (a) must be based on the existing,
undiverted, 100-year peak discharge. In addition, the culvert structure at
Highway 92 should be improved, or replaced, in order to accommodate the exist-
ing 100-year peak discharge, if the collector channel is not constructed.

3.8.1-3  Tributary Confluence Downstream of Campobello Avenue to Moson
Road

Due to the lack of a defined drainageway within this reach, it is proposed
that a Flood and Erosion Control Corridor (FECC) be created along this reach
in order to accommodate future drainage, erosion, and open-space needs/require-
ments. The FECC along this reach shall be defined as follows: .

- A 300-foot-wide strip composed of
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a) A 100-foot-wide drainageway, centered on the FECC, within which
drainage improvements can be made; and,

b} 100-foot set-backs from each side of the 100-foot-wide drain-
ageway for open-space/recreation uses and erosion protection.

Where implementation of the FECC results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the Timits of the FECC will require floodplain mapping.

Improvements within the 100-foot-wide drainageway of the FECC, defined
in (a) above, should adhere to the following restrictions:

a) Excavation of a channel designed to accommodate 1.25 times the
100-year peak discharge (with appropriate freeboard) should be
required when the discharge is from a detention/retention faci-
Tity;

b) Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30, and side slopes no
steeper than 3:1;

c) Channel lining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;

d) Where deemed appropriate or necessary, channel lining should be
accomplished using native vegetation and/or materials which
have a minimal visual impact. Channel lining using concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible regulatory agency; and,

e) Where deemed appropriate or necessary by the responsible regu-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year-
design improvements are made. The 100-year-design improvements
must include bank stabilization, with appropriate freeboard,

and grade-control improvements to assure maintenance of long-
term bed stability.
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It is proposed that only the types of improvements described above be
allowed to occur within the FECC. It is recommended that proposals to make
extensive channel improvements within the FECC (as allowed within the above
provisions) be scrutinized carefully to ensure that the interests of the par-
ties proposing the improvements are balanced against the greater interests of
the community, which are to achieve the stated goals of maintaining the
integrity of the existing drainage systems.

The proposed alignment of the FECC described above is shown, in plan
view, on Sheets 52, 54, and 55 of the Conceptual Plan-Sheet Set. It should be
noted that Sheets 48 through 53, inclusive, of the Conceptual Plan-Sheet Set
are at a scale of one-inch to four-hundred feet, while Sheets 13 through 47,
inclusive, are at a scale of one-inch to two-hundred feet.

It is also recommended that a bridge or culvert structure be constructed
at the Moson Road crossing at a future date when major improvements are made
to the roadway. The bridge or culvert structure should be capable of con-
veying the 100-year peak discharge under the roadway (considering upstream
diversion, if implemented) without creating a backwater hazard.

A]tpough the plan proposed for this reach allows for improvements to the
drainageway within the FECC, it is strongly recommended that if the area is
retained in its natural state for park/open-space uses, as is proposed in the
City's Vista 2000 plan, no improvements should be allowed within the FECC
along that portion of the drainageway which is shown on Sheets 54 and 55,
except those associated with open-space/recreation uses.

3.8.2 Richards Ranch Wash

3.8.2-1 At Ramsey Canyon Road
It is proposed that a detention/retention basin be constructed at this

site to effect downstream peak reduction and to serve as storage for water re-
use. The proposed basin would require acquisition of approximately 48.9 acres
of land in order to accommodate the proposed detention/retention basin, in-
cluding sediment-storage requirements, as well as multi-use or aesthetic
requirements and amenities which may be deemed appropriate (or necessary) as a
part of final design. Because of the approximate nature of the hydrologic
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modeling performed for this basin, the land-acquisition requirements listed
above, and the design parameters shown on the figure which follows, should be
considered very approximate. The location and orientation of the proposed
basin is shown, in plan view, on Sheet 52 of the Conceptual Plan-Sheet Set.
It should be noted that Sheets 48 through 53, inclusive, of the Conceptual
Plan-Sheet Set are at a scale of one-inch to four-hundred feet, while Sheets
13 through 47, inclusive, are at a scale of one-inch to two-hundred feet.
Figure 3.8A shows the conceptual cross section for the basin.
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3.8.2-2 Ramsey Canyon Road to Campobello Avenue .

Because of the limited extent of development, the mature riparian enviro-
nment adjacent to the channel along the wash, and the reduction in the need
for flood-control improvements resulting from implementation of the proposed
upstream detention/retention, it is recommended that this reach be maintained

in its existing state. It 1is proposed that future development observe a
Natural Drainageway Maintenance Corridor (NDMC), defined as follows:

a) The 100-year floodway; or,
b) The limits of the riparian vegetation zone; or,

c) A 50-foot setback from each bank of the Tow-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open-
space/recreation uses that are compatible with the intended use and purpose of
the NDMC. . The approximate areal extent of the NDMC, as described above, is
shown on Sheet 52 of the Conceptual Plan-Sheet Set., A detailed determination
of the Timits of the NDMC will require flood mapping of the wash.

3.8.2-3 Campobello Avenue to Carr Canyon Wash Confluence

Due to the lack of a defined drainageway within this reach, it is proposed
that a Flood and Erosion Control Corridor (FECC) be created along this reach
to accommodate future drainage and open-space needs and requirements., The
FECC along this reach shall be defined as follows:

- A 200-foot-wide strip composed of

a) A 100-foot-wide drainageway, centered on the FECC, within
which drainage improvements can be made; and,

b) 50-foot set-backs from each side of the 100-foot-wide drain-
ageway for flood and erosion protection.
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Where implementation of the FECC results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the Timits of the FECC will require floodplain mapping.

Improvements within the 100-foot-wide drainageway of the FECCs, defined
in (a) above, should adhere to the following restrictions:

a) Excavation of a channel designed to accommodate 1.25 times the
100-year peak discharge (with appropriate freeboard) should be
required when the discharge is from a detention/retention faci-
lity;

b) Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30, and side slopes no
steeper than 3:1;

¢) Channel lining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;

d) Where deemed appropriate or necessary, channel lining should be
accomplished using native vegetation and/or materials which
have a minimal visual impact. Channel lining using concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible requlatory agency; and,

e) Where deemed appropriate or necessary by the responsible regu-
latory agency, the flood- and erosion-protection setbacks may
be reduced to 20 feet from the top of bank where 100-year-
design improvements are made. The 100-year-design improvements
must include bank stabiltization, with appropriate freeboard,
and grade-control improvements to assure maintenance of long-
term bed stability.

It is proposed that only the types of improvements described above be
allowed to occur within the FECC. It is recommended that proposals to make
extensive channel improvements within the FECC (as allowed within the above

provisions) be scrutinized carefully to ensure that the interests of the par-
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ties proposing the improvements are balanced against the greater interests of
the community, which are to achieve the stated goals of maintaining the
integrity of the existing drainage systems.

The proposed alignment of the FECC described above is shown, 1in plan
view, on Sheets 52 and 55 of the Conceptual Plan-Sheet Set. It should be
noted that Sheets 48 through 53, inclusive, of the Conceptual Plan-Sheet Set
are at a scale of one-inch to four-hundred feet, while Sheets 13 through 47,
inclusive, are at a scale of one-inch to two-hundred feet.

Although the plan proposed for this reach allows for improvements to the
drainageway within the FECC, it is strongly recommended that if the area is
retained in its natural state for park/open-space uses, as is proposed in the
city's Vista 2000 plan, no improvements should be allowed within the FECC
along that portion of the drainageway which is shown on Sheet 55, except those
associated with open-space/recreation uses.

3.8.3 Carr Canyon Wash

3.8.3-1 Ramsey Canyon Road to Moson Road
Because of the 1limited extent of developmeht, the mature riparian

environment adjacent to the channel along most reaches of the wash, and the
location of this wash within the area proposed'for park/open-space uses in
the City's Vista 2000 plan, it is recommended that this wash be maintained in
its existing state. It is proposed that future development observe a Natural
Drainageway Maintenance Corridor (NDMC) defined as follows:

a) The 100-year floodway; or,
b} The limits of the riparian vegetation zone; or,

c) A 100-foot setback from each bank of the low-flow channel,
whichever is most restrictive.

It is proposed that no development and/or improvements be allowed to
occur within the NDMC, except for associated drainage structures and open-
space/recreation uses that are compatible with the intended use and purpose of

the NDMC. The approximate areal extent of the NDMC, as described above, is
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shown on Sheet 55 of the Conceptual Plan-Sheet Set. .A detailed determination
of the Timits of the NDMC will reguire flood mapping of the wash. '

It is also recommended that 100-year-design bridge or culvert structures
be constructed at the Ramsey Canyon Road and Moson Road crossings at future
date when major improvements are made to these roadways.

3.8.4 Tributaries to the Ramsey and Carr Canyon Washes

Because of the limited extent of development, the mature riparian envi-
ronment adjacent to the channel, and/or the lack of defintion along most
reaches of these tributaries, it is recommended that Natural Drainageway
Maintenance Corridors (NDMCs) and Flood and Erosion Control Corridors (FECCs)
be created-along these tributaries within the study area (i.e., between High-
way 92 and Ramsey Canyon Road on the upstream side, and Moson Road on the
downstream side}.

NDMCs (where applicable) shall be defined as follows:

a) The 100-year floodway; or,
b) The Timits of the riparian vegetation zone; or,

c) A 50-foot setback from each bank of the low-flow channel, for
watercourses draining watersheds of 0.2 to 1.5 square miles; or
a 100-foot setback from each bank of the low-flow channel, for
watercourses draining watersheds greater than 1.5 square
miles.

Whichever of the above (a, b, or c) is most restrictive shall control.
It is proposed that no development and/or improvements be allowed to occur
within the NDMCs, except for associated drainage structures and open-space/
recreation uses that are compatible with the intended use and purpose of the
NDMCs. 7

FECCs (where applicable) shall be defined as follows:

- A 200-to-300-foot-wide strip composed of

a) A 100-foot-wide drainageway, centered on the FECCs, within
which drainage improvements can be made; and,
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b) Setbacks for flood and erosion protection measuring 50 feet
from each side of the 100-foot-wide drainageway for watercour-
ses draining watersheds of 0.2 to 1.5 1.5 square miles; or
100-foot setbacks from each side of the 100-foot-wide drain-
ageway for watercourses draining watersheds greater than 1.5
square miles. The setback restriction may be reduced to 20
feet from the top-of-bank in instances where improvements are
made within the 100-foot-wide drainageway  in order to accom-
modate the 100-year flood {see requirements for 100-year-
design improvements below).

Where implementation of the FECCs results in an encroachment on the 100-
year floodway, the 100-year floodway shall control. A detailed determination
of the 1imits of the FECCs will require floodplain mapping.

Improvements within the 100-foot-wide drainageway of the FECCs, defined
in (a) above, should adhere to the following restrictions:

a) Excavation of a channel designed to accommodate 1.25 times the
100-year peak discharge (with appropriate freeboard) should be
required when the discharge is from a detention/retention faci-
Tity;

b) Excavated channel sections, where deemed necessary, should have
width-to-depth ratios no greater than 30, and side slopes no
steeper than 3:1;

¢) Channel Tlining should be avoided, unless deemed appropriate or
necessary by the responsible regulatory agency;

d) Where deemed appropriate or necessary, channel lining should be
accomplished using native vegetation and/or materials which
have a minimal visual impact. Channel 1inring using concrete or
other visually obtrusive materials should be avoided, unless
explicitly permitted by the responsible regulatory agency; and,

e) Where deemed appropriate or necessary by the responsible regu-

Tatory agency, the flood- and erosion-protecticn setbacks may
1
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"be reduced to 20 feet from the top of bank where 100-year-
design improvements are made. The 100-year-design improvements
must include bank stabilization, with appropriate freeboard,
and grade-control improvements to assure maintenance of long-
term bed stability.

It is proposed that only the types of improvements described above be
allowed to occur within the FECCs. It is recommended that proposals to make
extensive channel improvements within the FECCs (as allowed within the above
provisions) be scrutinized carefully to ensure that the interests of the par-
ties proposing the improvements are balanced against the greater interests of
the community, which are to achieve the stated goals of maintaining the
integrity of the existing drainage systems.

The areal extent of the NDMCs and FECCs, as described above, are shown on
Sheets 51, 52, 54, and 55 of the Conceptual Plan~Sheet Set. A detailed deter-
mination of the 1imits of the NDMCs and FECCs will require flood mapping of
the washes.

It 1s also recommended that 100-year-design bridge or culvert structures
be constructed at the Ramsey Canyon Road and Moson Road crossings at a future
date when major improvements are made to these roadways.

Although the plan proposed for these reaches allows for improvements to
the drainageways within the FECCs, it is strongly recommended that for those
areas where park/open-space uses are proposed as a part of the city's Vista
2000 plan (primarily the eastern two-thirds of Sheet 54 and most of Sheet 55),
no improvements should be allowed within the FECCs, except those associated
with open-space/recreation uses.



216

TABLE 3.8.1

QUANTITIES AND COST ESTIMATE
FOR RAMSEY CANYON BASIN IMPROVEMENTS

SLA, INC.

ITEM

QUANTITY

UNIT COST

TOTAL COST

DETENTION/RETENTION BASIN
EXCAVATION:

a) Richards Ranch Wash

- at Ramsey Canyon
Road

DETENTION/RETENTION LANDT
ACQUISITION;:

a) Richards Ranch Wash

- at Ramsey Canyon
Road

DETENTION/RETENTION
OUTFLOW STRUCTURES:

a) Richards Ranch Wash

- at Ramsey Canyon
Road

STREET-CROSSING
STRUCTURES:

a) Ramsey Canyon Wash

- at Moson Road

526,000 yd>

48.9 ac

70 ft

489 yd

$2/yd3

$20,000/ac

$30/ft

$275/yd>

$1,052,000

$ 978,000

$ 2,000

~§ 134,000

(Continued on Next Page)
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TABLE 3.8.1 (CONTINUED)
ITEM QUANTITY UNIT COST TOTAL COST

b) Ramsey Canyon Wash

Tribytaries

- at Moson Road (3) 1,1420 yd> $275/yd° $ 314,000
¢) Carr Canyon Wash

- at Ramsey Canyon 3 3

Road 682 yd $275/yd $ 188,000

- at Moson Road 1,100 yd3 $275/yd> $ 305,000
d) Carr Canyon Wash

Tributaries

- at Ramsey Canyon 3 3

Road (2) 1,186 yd $275/yd $ 326,000

Estimated Improvement Costs: $3,299,000
Engineering and Construction Management
@ 15% of Estimated Improvement Costs: $° 495,000
Contingencies @ 20% of Estimated
Improvement Costs: : $ 660,000
TOTAL ESTIMATED COST: '$4,454,000
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* Costs shown are to nearest $1,000. Except where noted, costs
do not include right-of-way acquisition necessary for improve-
‘ments. Also note that the cost of the proposed Ramsey Canyon
Wash diversion channel has not been included, since it was
accounted for in the cost estimate for the Garden Canyon
Basin.

t Unit costs for land acquisition are based on local per-square-
foot costs supplied by the City of Sierra Vista. Actual costs
may vary significantly.
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1V, RECOMMENDED PHASING PLAN

4.1 General Qverview

This section of the report describes the conceptual phasing plan for
implementation of the various drainage improvements described in the previous
section. This plan was deve1oped to aid the City in prioritizing the sche-
du1ing of drainage improvements associated with the plan.

The recommended'phasing plan and estimated costs which follow were organ-
ized so as to phase the construction and/or implementation of drainage
improvements over a thirty-year period. The thirty-year period was subdivided
into a series of five-year periods, based upon the evaluation of a set of per-
tinent criteria which correspond to the relative value of, and need for, the
various improvements. The criteria considered in developing the recommended
phasing plan are described below:

ECONOMIC FEASIBILITY

Perhaps the primary criteria in the phasing of public-works improvements
is the need to distribute the implementation of such improvementg in a way
which provides for a fairly uniform dispersal of funds for the propésed impro-
vements within the specified time frame. In developing the recommended
phasing plan, the preliminary cost estimates shown in Section III were used to
develop a drainage improvements phasing schedule which accomplishes this objec-
tive.

REDUCTION IN FLOODING AND EROSION

The effect on existing and potential flooding and erosion problems was
used as the second criteria in determining the prioritization of capital-
improvement phasing. The result of applying this criteria to the development
of the drainage improvements phasing schedule was to generally emphasize the
implementation of improvements within the existing urban area first, with sub-
sequent improvements moving radially away from the urban area and into undeve-
loped areas. '

COMPATIBILITY WITH LONG-RANGE PLANNING

Consideration for long-range planning was incorporated as a criteria in
the development of the recommended phasing plan through the recognition of
the need to acquire land (where called for in the pre]iminary'cost estimates)
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ahead of proposed construction. This criteria also recognizes the anticipated
direction of urban expansion, and the City's open-space and recreation plan,
'which calls for development of parks at some of the locations proposed for
drainage improvements,

Utilizing the preceding criteria, the following schedule for phasing of
drainage improvements was developed:

4.1.1 Years One through Five

During the first five-year period, it is recommended that the following
drainage improvements, as described in Section III, be implemented:

- A1l channel and street-crossing improvements along Soldier's Creek.

- A1l detention/retention, storm-drain, channel and street-crossing
improvements along Fab Avenue Drainage.

- A1l channel and street-crossing improvements along Woodcutters
Canyon Wash and Third Street Drainageway, and along Charleston Wash

between Woodcutters Canyon Wash Confluence and the Highway-90
B ypass.

- A1l detention/retention, channel, and street-crossing improvements
along Town and Country Middleschool Drainageway and Montebello
Drainageway, except detention/retention on Montebello Drainageway at
Buena High School Drainageway Confluence.

- A11 channel and street-crossing improvements along Coyote Wash, bet-
ween Buffalo Soldier Trail and Camino Real.

4,1.2 Years Six through Ten

During the second five-year period, it is recommended that the following
drainage improvements, as described in Section III, be implemented:

- A1l channel and street-crossing improvements along Vista Village
Drainageway.

- A1l channel improvements along Buena No. Three Drainageway, and
channel improvements and retention-only improvements on Charleston
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Wash, between Coronado Drive and the Highway-90 Bypass.

A1l detention/retention, channel, and street-crossing improvements
along Buena High School Drainageway, and detention/retention on Mon-
tebello Drainageway at the Buena High School Confluence.

A1l detention/retention land acquisition along Coyote Wash and South
Garden Drainageway.

Years Eleven through Fifteen

During the third five-year period, it is recommended that the following

drainage improvements, as described in Section ITI, be implemented:

A1l detention/retention facility construction along Coyote Wash.

A1l detention/retention land acquisition along Country Club Estates
Drainageway, P.D.S. South Drainageway, and Mountain Mesas Drainage-
way.

Construct collector channel between P.D.S. South‘Drainageway.

4.1.4 Years Sfxteen through Twenty

During the fourth five-year period, it is recommended that the following

drainage improvements, as described in Section III, be implemented:

A1l detention/retention facility construction along Country Club
Estates Drainageway, P.D.S. South Drainageway, and Mountain Mesas
Drainageway.

A1l detention/retention land acquisition and facility construction
along Lewis Springs Wash and Bakarich-McCool Wash.

Land acquisition for dam and reservoir on Garden Canyon Wash and
Ramsey Canyon collector channel.

A1l street-crossing improvements along Donnet-Fry Wash and Lewis-
Springs Wash. '
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4.1.5 Years Twenty-one through Thirty

During the fifth and sixth five-year periods, it is recommended that the
following drainage improvements, as described in Section III, be implemented:

- Construct Garden Canyon Wash Dam and Ramsey Canyon Wash collector
channel.

- Acquire land for, and .construct, detention/retention facility on
Richards Ranch Wash.

- A1l street-crossing improvements on Bakarich—McCool Wash, Garden
Canyon Wash, Ramsey Canyon Wash, Carr Canyon Wash and their tribu-
taries.

4.2 Details of the Recommended Phasing Plan for Years One through Five

The following section discusses the details of the scheduling of the
recommended drainage improvements proposed for the first five years of the
thirty-year period. The discussion which follows provides a year-by-year
breakdown of the phasing plan, as described in Section 4.1.1. The following
schedule uses the criteria discussed in Section 4.1 to prioritize the proposed
_improvemements.

4.2.1 Year One
It is recommended that the following drainage improvements be implemented
during the first year:

a) Replacement of the street-crossing of Charleston Wash at Coro-
nado Drive, and construction of channel improvements along
Charleston Wash upstream of Coronado Drive to the confluence
area.

b) Land acquisition and construction of the detention/retention
facility on Fab Avenue Drainage at North Avenue.

c) Construction of channel improvements on Fab Avenue Drainage
between the above-referenced detention/retention fécility and
Canyon Avenue.
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d)  Storm-drain construction on Fab Avenue Drainage between Canyon
Avenue and Second Street.

e} Construction of channel improvements on Fab Avenue Drainage
between Second Street and Seventh Street, and replacement or
improvement of the street-crossing of Fab Avenue Drainage at
Seventh Street,

f) Land Acquisition and construction of the detention/retention
facilities on Town and Country Middleschool Drainageway at
Lenzner Avenue, and at the Moorman Avenue alignment. '

4.2.2 Year Two
It is recommended that the following drainage improvements be implemented
during the second year:

a) Construction of the detetntion/retention facility on Town and
Country Middleschool Drainageway at the Village Meadows park
site.

b) Replacement or improvement of the street-crossings of Woodcut-
ters Canyon Wash at Busby Drive and Fry Boulevard.

c) Construction of channel improvements on Coyote Wash between
Town and Country Drive and Camino Real and replacement; or
improvement of the street-crossings of Coyote Wash at Town and
Country Drive, Coronadoe Drive, Camino Rancho and Camino Real.

4.2.3 Year Three
It is recommended that the following drainage improvements be implemented
during the third year:

a) Land Acquisition and construction of the detention/retention
facility on Town and Country Middleschool Drainageway at High-
way 92.

b)  Construction of channel improvements on Montebello Drainageway
between Highway 90 and the Buena High School Orainageway
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confluence,

c) Replacement or improvement of the street-crossings on Soldiers
Creek at Garden Avenue, Kayetan Drive, and the Highway-90
B ypass.

4.2.4 Year Four _
It is recommended that the following drainage improvements be implemented
during the fourth year:

a) Construction of channel improvements on Third Street Draina-
geway between Busby Drive and Fry Boulevard and replacement or
improvement of the street-crossings of Third Street Drainageway
at Myers Drive and Wilcox Drive.

b) Construction of channel improvements on Woodcutters Canyon Wash
between Buffalo Soldier Trail and Busby Drive.

c) Construction of channel improvements on Woodcutters Canyon Wash
between Busby Drive and Wilcox Drive.

d) . Construction of channel improvements on Woodcutters Canyon Wash
between Lenzner Avenue and Charleston Wash.

4,2.5 Year Five .

It is recommended that the following drainage improvements be implemented
“during the fifth year: '

a) Construction of channel improvements on Coyote Wash between
Buffalo Soldier Trail and Town and Country Drive.

b)  Construction of channel improvements on Soldiers Creek between
Buffalo Soldier Trail and Garden Avenue.

c) Construction of channel imprbvements on Charleston Wash between
Coronado Drive and the Highway-90 Bypass and replacement or
improvement of the street-crossing of Charleston Wash at the
Highway-90 Bypass.
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The phasing of the recommended drainage improvements described above are
shown in tabular form, along with the corresponding estimated costs, as listed
in Section III, on Table 4.2.1.

It should be emphasized that the proposed time schedule for the recom-
mended phasing plan is based on the evaluation of the relative importance of
the proposed improvements, using the assessment of very preliminary cost esti-
mates and other rather qualitative criteria. The time schedule reflects the
use of a considerable amount of judgment in the appraisal of the relative
importance of the various projects. As such, the plan should not negate the
use of judgment on the part of the public agencies in determining the need
for, and importance of, individual improvement projects. The recommended
phasing plan described herein is intended to serve only as a guideline for
implementation of drainage improvements. It is not intended to preclude the
possibility of implementation of improvements at an earlier date than that
indicated by the recommended phasing plan; especially if funds for such
construction become available through alternative funding sources, and sche-
duling of other improvements is not advefse]y affected. Rather, the recom-
mended phasing plan should be viewed as a template for the phasing of drainage
imbrovements which can be modified to accommodate changes in availability of
funding, changes in the direction of rate of urban expansion, and changes in
the perceived importance of the various types of improvements proposed as a
part of the Sierra Vista Surface Water Plan.
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TABLE 4.2.1

RECOMMENDED PHASING PLAN AND *

SLA, INC.

ESTIMATED COSTS OF DRAINAGE IMPROVEMENTS

FOR YEARS ONE THROUGH FIVE

DESCRIPTION OF
DRAINAGE
IMPROVEME NT

ESTIMATED COSTS (IN 1000's OF $)
FOR _YEARS:

2

3

4 5

CHANNEL IMPROVEMENTS:
a} Charleston Wash

- upstream of
Coronado Drive

- Coronado Drive to
The Highway-90
Bypass

b) Fab Avenue Drainage

- North Avenue to
Canyon Drive

- Second Street to
Seventh Street

¢) Coyote Wash
- Buffalo Soldier
Trail to Town
and Country Drive

- Town and Country
Drive to Camino Real

d) Montebello Drainageway
~ Highway 90 to Buena
High School Drain-
ageway Confluence

@) Third Street Drain-
ageway

- Busby Drive to Fry
Boulevard

158

40

116

970

495

1,459

559

485

(CONTINUED ON NEXT PAGE)
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TABLE 4.2.1 (CONTINUED)

DESCRIPTION OF ESTIMATED COSTS (IN 1000's OF $)
DRAINAGE FOR YEARS:
IMPROVEMENT 1 2 3 4 5

f) Woodcutter's Canyon
Wash

- Buffalo Soldier
Trail to Busby Drive 898

-~ Busby Drive to
Wilcox Drive 436

~ Llenzer Avenue to
Charleston Wash 586

g) Soldier's Creek
- Buffalo Soldier
Trail to Garden
Avenue 146
STORM~DRAIN IMPROVEMENTS:

a) Fab Avenue Drainage

- Canyon Drive to
Second Street 348

STREET-CROSSING
IMPROVEMENTS:

a) Charlesteon Wash
- at Coronado Drive 146

- at The Highway-90
Bypass 119

b) Fab Avenue Drainage

- at Seventh Street 58

(CONTINUED ON NEXT PAGE)
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TABLE 4.2.1 (CONTINUED)

DESCRIPTiGN OF ESTIMATED COSTS (IN 1000's OF $)
DRAINAGE FOR_YEARS:
IMPROVEMENT 1 2 3 4 5

¢) Coyote Wash

at Town and Country
Drive 4

at Coraonado Drive 75

at Camino Rancho 58

H

at Camino Real 58

d) Third Street Drainage-
way

- at Myers Drive 58
at Wilcox Drive 58

e) Woodcutter's Canyon
Wash

- at Busby Drive 76
- at Fry Boulevard h4
f) Soldier's Creek
- at Garden Avenue 24
- at Kayetan Drive 166

- at The Highway-90
Bypass 299

DETENTION/RETENTION LANDT
ACQUISITION AND IMPROVE-
MENTS:

1 a) Fab Avenue

- at North Avenue 356

(CONTINUED ON NEXT PAGE)
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DESCRIPTION OF
DRAINAGE

ESTIMATED COSTS (IN 1000's OF $)
FOR YEARS:

IMPROVEMENT

2

3

]

b} Town and Country
Middieschool Drainage-
way

- at Lenzner Avenue

- at the Moorman
Avenue Alignment

- at the Village
Meadows Park Site

- at Highway 92

794

698

96

1,576

Estimated Drainage
Improvement Costs:

2,714

1,391

2,560

2,521

2,283

Engineering & Construction
Management @ 15% of
Estimated Improvement Costs:

407

209

384

378

342

Contingencies @ 20% of
Estimated Improvement Costs:

543

278

512

504

457

TOTAL ESTIMATED COSTS:

3,664

1,878

3,456

3,403

3,082

TOTAL DRAINAGE IMPROVEMENT COSTS FOR FIRST FIVE;YEAR PERIOD:

$15,483

* Cgsts shown are in 1000's of §. Except where noted, costs do not include
right-of-way acquisition necessary for improvements.

T Unit costs for land acquisition are based on
supplied by the City of Sierra Vista.

NOTE : IF is assumed that the land on Ft. Huachuca Military Reéservation
Will be utilized at no cost to the City of Sierra Vista.

local per-square-foot costs
Actual costs may vary significantly.
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4.3 Details of the Recommended Phasing Plan for Years S$ix through Ten

The following section discusses the details of the scheduling recommended
drainage improvements proposed for the second five years of the thirty-year
period. The discussion which follows provides a year-by-year breakdown of the
phasing plan, as described in Section 4.1.2. The following schedule uses the

criteria discussed in Section 4.1 to prioritize the proposed improvements.
4.3.1 Year Six

It is recommended that the following drainage improvements be implemented
during the sixth year:

a) Detention/retention land acquisition on Coyote Wash at Camino
Real.

b)  Detention/retention land acquisition on Coyote Wash north of
Pueblo del Sol subdivision,

4.3.2 Year Saven

It is recommended that the following drainﬁge improvements be implemented
during the seventh year:

a) Detention/retention 1land acquisition on Coyote Wash at the
South Garden Drainageway confluence.

4.3.3 Year Eight
[t is recommended that the following drainage improvements be implemented

during the eight year:

a) Construction of channel improvements on Buena No. Three Draina-
geway between Fry Boulevard and Charleston Wash.

b)  Construction of channel improvements on Vista Village Draina-
geway between Seventh Street and the Highway-90 Bypass: and
replacement, or improvement, of the street-crossings of Vista
Village Drainageway at Tacoma Street and the Highway-90 Bypass.
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4.3.4 Year Nine
It is recommended that the following drainage improvements be implemented
during the ninth year:

a) Construction of channel improvements on Charleston Wash between
the Highway-90 Bypass and Cochise College.

b) Construction of channel improvements on Buena High School
Drainageway downstream of Fry Boulevard; and replace, or
improve, the street-crossing of Buena High School Drainageway
at Avenida Escuela.

c) Retention-only land acquisition on Charleston Wash between
Coronado Drive and the Highway-90 Bypass.

d) Detention/retention land acquisition on Buena High School
Drainageway at Buena High School.

4.3.5 Year Ten
[t is recommended that the following drainage improvements be implemented
during the tenth year:

a) Detention/retention land acquisition on Buena High School
Drainageway at Cochise College. '

b)  Detention/retention land acquisition on Montebello Drainageway
at the Buena High School Drainageway confluence.

€} Detention/retention land acquisition on Coyote Wash at Mon-
tebello Drainageway confluence.

d) Construction of detention/retention facilities on Buena High
School Drainageway at Buena High School.

e) Construction of detention/retention facilities on Buena High
School Drainageway at Cochise College.
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f} Construction of detention/retention facilities on Montebello
Drainageway at the Buena High School Drainageway confluence.

The phasing of the recommended drainage improvements described above are
shown in tabular form, along with the corresponding estimated costs as listed
in Section III, on Table 4.3.1.
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TABLE 4.3.1
RECOMMENDED PHASING PLAN AND ¥
ESTIMATED COSTS OF DRAINAGE IMPROVEMENTS
FOR YEARS SIX THROUGH TEN

SLA, INC.

DESCRIPTION OF ESTIMATED COSTS (IN 1000's OF $)
DRAINAGE FOR YEARS:
IMPROVEMENT b 7 8 9 10

CHANNEL. IMPROVEMENTS:

a} Buena No. Three
Drainageway

- Fry Boulevard to
Charleston Wash 1,035

b) Vista Village Drain-
ageway

-~ Seventh Street to
the Highway-90
Bypass 1,033

c) Charleston Wash

- The Highway-90
Bypass to Cochise
College

d} Buena High School
Drainageway

-~ Downstream of Fry
Boulevard

STREET-CROSSING
IMPROVEMENTS:

a) Vista Village Drain-~
ageway

- at Tacoma Street 41

- at the Highway-90
Bypass 100

740

79

(CONTINUED ON NEXT PAGE)
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DESCRIPTION OF
DRAINAGE
IMPROVEMENT

ESTIMATED COGSTS (IN 1000's OF §)

FOR_YEARS:

7

8

9

10

b} Buena High'School
Drainageway

~ at Avenida Escuela
- at Columbo Avenue

DETENTION/RETENTION LANDT
ACQUISITION:

a) Coyote Wash
- at Camino Real

- North of Pueblo Del
Sol Subdivision

- at Montebello Drain-
ageway Confluence

b) South Garden Drain-
ageway

- at Summit Drain-
ageway Confluence

¢) Charleston Wash
- Between Coronado
Drive and the High-
way-90 Bypass
(Retention Only)

d} Buena High School
Drainageway

- at Buena High School

- at Cochise College

1,130

1,647

1,862

14

980

523

921

353

(CONTINUED ON NEXT PAGE)
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DESCRIPTION OF
DRAINAGE
IMPROVEMENT

ESTIMATED COSTS (IN 1000's OF $)
FOR YEARS:

7

8

9

10

e) Montebello Drainageway
- at Buena High School
Drainageway
Confluence

DETENTION/RETENTION
IMPROVEMENTS:

a) Buena High School
Drainageway

- at Buena High School

- at Cochise College
b} Montebello Drainageway

- at Buena High School

Drainageway
Confluence

921

36
72

164

Estimated Drainage
Improvement Costs:

2,777

1,862

2,232

2,322

2,467

Engineering & Construction
Management @ 15% of Esti-
mated Improvement Costs:

417

279

335

348

370

Contingencies @ 20% of
Estimated Improvement Costs:

555

372

446

464

493

TOTAL ESTIMATED COSTS:

3,749

2,513

3,013

3,134

3,330

TOTAL DRAINAGE IMPROVEMENT COSTS FOR SECOND FIVE-YEAR PERIOD:

$15,739

(CONTINUED ON NEXT PAGE)
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* Costs shown are in 1,000's of §. Except where noted, costs do not include

right-of-way acquisition necessary for improvements.

t Unit costs for land acquisition are based on local per-square-foot costs

supplied by the City of Sierra Vista. Actual costs may vary significantly.

NOTE: It is assumed that the land on the Ft. Huachuca Military Reservation
will be utilized at no cost to the City of Sierra Vista.
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4.4 Details of the Recommended Drainage Improvements Plan for Years Eleven
Through Thirty

Because of the Tack of weli-defined plans for expansion of the City into
the areas when improvements, as described in Sections 4.1.3, 4.1.4 and 4.1.5,
are proposed for this time period, it is not practical to provide a year-to-
year breakdown of the scheduling of the planned drainage improvements for this
time period. The areas where drainage improvements are proposed for implemen-
tation during this time period are those areas lying well to the east and
south of the current city limits. However, the improvements discussed in
Sections 4.1.3, 4.1.4, and 4.1.5 are listed, in tabular form, on Table 4.4.1."
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TABLE 4.4.1
RECOMMENDED PHASING PLAN AND*
ESTIMATED COSTS OF DRAINAGE IMPROVEMENTS
FOR YEARS ELEVEN THROUGH THIRTY

DESCRIPTION OF ESTIMATED COSTS (IN 1000's OF $)
DRAINAGE FOR_YEARS:
IMPROVEME NT 11 - 15 16 - 20 21 - 30

CHANNEL LAND ACQUISITION:

a) Collector channel
between Ramsey Canyon
Wash and Garden Canyon
Wash 920

CHANNEL IMPROVEMENTS:

a) Collector channel be-
tween Country Club
Estates Drainageway and
P.D.S. South Drain-
ageway 265

b) Collector channel be-
tween Ramsey Canyon
Wash and Garden Canyon
Wash 550

STREET-CROSSING
IMPROVEMENTS:

“a) Donnet-Fry Wash
- at Moson Road - 179

b) Lewis Springs Wash

- at Highway 92 34
- at Highway 90 16
-~ at Moson Road 126

c) North Branch Bakarich-
McCool Wash:

- at Moson Road | 109

(CONTINUED ON NEXT PAGE)




TABLE 4.4.1 (CONTINUED)

238

SLA, INC.

DESCRIPTION OF
DRAINAGE
IMPROVEME NT

ESTIMATED COSTS (IN 1000's OF $)

FOR YEARS:

11 - 15

16 - 20

21 - 30

d) Bakarich-McCool Wash
-~ at Moson Road

e) Garden Canyon Wash
~ at Moson Road

f) Garden Canyon Wash
Tributaries

- at Moson Road (2)
g) Ramsey Canyon Wash
- at Moson Road

h) Ramsey Canyon Wash
Tributaries

- at Moson Road (3)
i)} Carr Canyon Wash

-~ at Ramsey Canyon
Road

- at Moson Road

j) Carr Canyon Wash
Tributaries

- at Ramsey Canyon
Road (2)

DETENTION/RETENTION LANDT
ACQUISITION:

a) P.D.S. South Drainage-
way

- at Via Riata
Alignment

1,346

144

245

155

134

314

188
305

326

(CONTINUED ON NEXT PAGE)
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TABLE 4.4.1 (CONTINUED)

DESCRIPTION OF ESTIMATED COSTS (IN 1000's OF §)
DRAI NAGE FOR_YEARS: :
IMPROVEMENT 11 - 15 16 - 20 21 - 30

b) Mountain Mesas Drain-
ageway

- at Snyder Bouievard
Alignment 1,346

- at Highway 90 1,862

c) Lewis Springs Wash

- at Avenida Cochise
Alignment 346

- at the Tributary
Confluence, located
within the Northeast
Quarter of Section
4, Township 22 South
Range 21 East, to
Highway 90 . 536

d)} Bakarich-McCool Wash
- Near the West Sec-
tion Line of Section
9, Township 22 South,
Range 21 East 282
e) Garden Canyon Wash

- Dam and Flood-
Control Reservoir 5,000

f) Richards Ranch Wash

- at Ramsey Canyon
Road 978

(CONTINUED ON NEXT PAGE)
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DESCRIPTION OF
DRAINAGE
IMPROVEME NT

ESTIMATED COSTS (IN 1000's OF $)

FOR YEARS:

11 -~ 15

16 - 20 21 - 30

a)

c}

d}

e)

f)

DETENTION/RETENTION
IMPROVEMENTS:

Coyote Wash
-~ at Camino Real

-~ North of the Puehblo
Del Sol Subdivision

~ at Montebello
Drainageway
Confluence

Summit Drainageway

~ at Buffalo Soldijer
Trail

South Garden Drain-
ageway

- at Buffalo Soldier
Trail

- at Summit Drain-
ageway. Confluence

Country Club Estates
Drainageway

-~ gt Garden Loop

P.D.S. South Drain-
ageway

- at Via Riata Align-
ment

Mountain Mesas Drain-
ageway

- at Snyder Boulevard
Alignment

792

895

402

284

1,213

839

198

844

622

(CONTINUED ON NEXT PAGE)
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TABLE 4.4.1 (CONTINUED)

DESCRIPTION OF ESTIMATED COSTS (IN 1000's OF $)
DRAINAGE FOR_YEARS:
IMPROVEMENT 11 - 15 16 - 20 21 - 30

- at Highway 90 867
g) Lewis Sp}ings Wash

- at Avenida Cochise _
Alignment 249

- at the Tributary
confluence located
within the Northeast
Quarter of Section
4, Township 22 South,
Range 21 East, to
Highway 90 822

h} Bakarich-McCool Wash

- near the West
Section Line of
Section 9, Township
22 South, Range 21
East 148

i) Garden Canyon Wash Dam

and Flood Control
Reservoir - 14,760

j) Richards Ranch Wash

- at Ramsey Canyon
Road 1,054

Estimated Drainage
Improvement Costs: 9,244 11,189 19,262

Engineering & Construction
Management @ 15% of Esti-
mated Improvement Costs: 1,387 1,678 .k 2,889

(CONTINUED ON NEXT PAGE)
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TABLE 4.4.1 (CONTINUED)
Contingencies @ 20% of
Estimated Improvement Costs: 1,849 2,238 3,852
TOTAL ESTIMATED COSTS: 12,480 15,105 26,003
TOTAL DRAINAGE IMPROVEMENT COSTS FOR THIRD,
FOURTH, AND FIFTH PERIODS: $53,588

*  Costs shown are in 1,000's of §.
include right-of-way acquisition necessary. for improvemnts.

Except where noted, costs do not

t Units costs for land acquisition are based on local per-square-foot

costs supplied by the City of Sierra Vista.

significantly.

Actual costs may vary

NOTE: It is assumed that the public Tand on the Ft. Huachuca Military Re-
servation could be utilizied at no cost to the City of Sierra Vista.
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4.5 Capital-Improvement Planning Issues

Developing a Capital~Improvement Plan from the preceding Phasing Plan is
beyond the scope of a Surface Water Plan, but the issues have been included to
assist in the development of an implementation plan. The drainage improve-
ments included in this report can be generally categorized in three groups.
First, there are those associated with traffic circulation, such as curb
gutters, valley gutters, storm drains, and drainage crossings. Second, there
are the channel improvements, such as drop structureé, bank protection, and
other erosion-control improvements. And third, there are those intended to
reduce flood flows and/or improve ground-water recharge, such as detention and
retention basins. The second and third categories might be further separated
by their relative benefit toward enchancing ground-water recharge. For
example, the primary purpose of a retention basin might be recharge, whereas
the purpose of a detention basin might be more equally split between recharge
and flood control. The purpose of a drop structure is to reduce velocity and
control erosion, but reducing velocity also enchances recharge. Once the
improvements are categorized by purpose, an evaluation of benefits can be
made. \

Most public laws and policies regarding capital improvements are founded
upon the theory of benefit-based financing. Simply stated, those who benefit
from a capital improvement should be responsible for funding a proportioned
share of the cost. Improvements can often be categorized as those for
"specific benefit" and those for "general benefit." Specific benefit, as the
name implies, refers to improvements where the benefiting property owners can
be readily identified. General benefit can be thought of as benefiting such a
targe segment of the population that the individual benefiting property owners
tend to lose their identity. General benefit can also apply when the benefit-
ing property owners can be readily identified; but all need similar improve-
ments, and equity can be served by all property owners contributing to the
improvements as a whole. Improvements of general benefit are often financed
by governmental agencies, such as counties, cities,‘ or - special districts;
although special districts are also often used to place the financial burden
on specific benefactors. In addition to special district financing, improve-
ments of specific benefit are also financed as a part of the original
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property-development cost. There is obviously a large, gray area in evaluat-
ing benefit based financing; but the objective is to identify the group of
benefactors and the amount of benefit they receive, and match it to a revenue
system that assesses the same group of benefactors in proportion to the bene-
fits they are receiving.

The following is intended to illustrate the issues and suggest some of
the considerations or possible solutions, rather than suggest any particular
solution.  Ground-water recharge tends to be more of a "general benefit",
because everyone in the ground-water basin benefits from the recharged water.
The amount of benefit is most directly related to consumption of ground water.
However, it might be more practical to relate the amount of benefit to the
property tax structure; or a similar “general" tax paid by all those within
the ground-water basin. Flooding and erosion tends to be of more "specific
benefit" or concern. A property that floods benefits most directly because
flood-insurance premiums and property damage tend to be reduced or eliminated
in proportion to the flooding problem. An argument can be made that other
properties within the drainage basin contribute to the problem when they deve-
top in a manner that increases the flow, and consequently should share in the
cost of controlling the flood potential. The amount of flow contributed can
be equated to the amount and type of impervious surface, although the distance
from the drainage way is also a factor. It becomes more difficult to Justify
that a property contributing no flow to a drainage way should participate in
the cost of reducing or eliminating a flooding problem.

Streets tend to serve a dual purpose. They are primarily used as a con-
duit for traffic; but, traditionally, a secondary purpose is to accept storm
waters from adjacent property and convey it to a drainage way. These purposes
are conflicting, because drainage carried on the surface impedes, or in some
cases e1iminates, the ability to use the street for vehicles. Conveying sur-
face water on the surface has a significant economic benefit over conveying
it under ground or in separate ditches. The conflict between storm water and

traffic reduces to a question of economics. How much do we want to spend to

reduce or eliminate the conflict between traffic and surface water? This
question was addressed earlier in the report, and criteria was established for
in-street flows. It is mentioned here only because the relationship impacts
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on the issue of financing drainage improvements. Streets serve a “mobility"
function often associated “general benefit", and an "access" function which is
a more "specific benefit." The traffic functions and benefits differ from the
functions and benefits associated with surface water discussed above.
Consequently, the relationships must be clearly understood before addressing
the issue of "benefits."

Drainage improvements within street rights-of-way may be classified into
two groups. Bridges and culverts convey storm water across the street. Storm
drains and gutters convey storm water along the street. Generally speaking, a
bridge or culvert is installed to convey traffic over a drainage way, and does
little to address recharge or f]ooding issues. An exception occurs when the
structure is also used to reduce the flow in the drainage way (detention).
Storm drains are intended to convey surface water that ekceeds the capacity of
the street gutters. They clearly improve the ability of the street to carry
traffic during a storm; and they, too, do little to reduce flooding of private
property. However, conveying storm water outside the street right-of-way
would be difficult and costly. So, it.can be concluded that the storm-water
system benefits from the use of street right-of-way in the same manner as
other utilities. Using this logic, it might be reasonable to say the traffic
purpose is primary, .and the storm-water system should be financed on the basis
of drainage-benefit theory, rather than traffic-benefit theory. Unfortunate-
ly, the issue is further confused by the fact that the street, itself, genera-
tes a signficiant amount of drainage. This might be addressed by using a
“specific-benefit", surface-water theory and applying it, based on the size of
pervious and impervious surfaces on the adjacent property and the street
right-of-way, and then applying a street benefit theory to the street's pro-
portional share. The issue of defining the most equitable benefit theory to
apply to drainage improvéments within the street right-of-way is probably the
most illusive. The most practical solution'might be to simply apply the same
theory used for traffic, and treat storm-water improVements the same as other
street improvements. This approach would assume some relationship between
volume and source of traffic and volume and source of storm water. This is a
concept that may have some basis in fact. .

A final consideration in the issue of who should pay lies in one of the
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stated General Plan policies of the City. It is also implicit in many of the
County and the City Subdivision and Development Regulations. The policy sta-
tes that "new developments will not create unreasonable public costs for
current residents." This concept requires that improvmeents with specific
benefit be financed by those who benefit. Many existing regulations reguire
that a new development install full capital improvements within the boundaries
of the development, and some require a contribution toward a share of improve-
ments outside the boundaries. The corollary is also worthy of consideration.
Many of the older areas were not required to install improvements to the same
standard as current development. Property owners who have met this higher
standard are reluctant to contribute toward elevating the standard in older
areas. Both of these equity issues lead to the conclusion that every effort
should be made to identify the area specifically benefiting from each improve-
ment, and to assess the same areas for the cost of the improvement in propor-
tion to the benefits.

Once the issues of "who should pay and in what amount" have been
resolved, a funding system can be identified. Surface-water improvements of
general benefit might use the property-tax system, the sales-tax system, or
one of several special-district-tax systems. Surface-water improvements of
specific benefit are restricted to special-district-tax systems. The
property~tax system assesses based on property value, which often has some
correlation to the flow contribution. The sales-tax system assesses based on
purchases, and has some correlation with income level; but has no relationship
with drainage or extent of development. Special districts, on the other hand,
have the ability to address both general-benefit and special-benefit issues.

A special district that currently exists is the County Flood Control
District (ARS 48-3601). It is primarily a property-tax system, but has the
ability to ‘address improvements of general bénefit, as well aS‘specific bene-
fit. The district can be divided into two or more zones. Taxes can be levied
against property in the district, and in one or more of the zones that may
benefit from the improvement (ARS 48-3620). The district also has the ability
to issue bonds secured by the district as a whole, or by only one or more
zones within the district, If each zone represents a drainage basin, the
County Flood Control District can address many of the specific-benefit issues
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previously identified, as well as the general-benefit issues. However, it is
Timited by the fact that it is property-value oriented, which may have little
correlation to the property's contribution to the surface-water problem.

County Improvement Districts also offer a taxing system that could aiso
be used to address the issues of general and special benefits (ARS 48-901).
Municipal Improvement Districts are a similar taxing system; but they are
limited to Jjurisdictional boundaries, which often do not coincide with
- drainage boundaries. County Improvement Districts, with the consent of the
municipal governing body, can include both unincorporated and incorporated
areas (ARS 48-902); and, thus, could be tailored to coincide with drainage
boundaries. Improvement Districts can issue bonds to construct improvements
and levy taxes for operation and maintenance (ARS 48-902). Improvement
Districts have the ability to assess costs based on the benefits to be
received, rather than on property value: (ARS 48-927). Improvement Districts
are well suited for special-benefit improvements, but it would be cumbersome
to join several districts to address issues of more general benefit. The fact
that initiation of a district must originate from the district property owners
would also make it difficult to implement the Surface Water Plan in a con-
sistent and coherent manner.

A user-fee system of financing drainage improvements is.being used in
many areas of the country to address the issues of specific and general bene-
fit. It allows the esiab1ishment of fees and charges based on use or contri-
bution to the problem. As with other utility charges, a monfhly fee is paid
based on some measurable quantity, such as area of impervious surface. The
charge can also vary, based on the cost of operating and maintaining the uti-
11ty in a particular drainage basin. This taxing system probably offers the
most flexible method of approaching equity in benefit-based financing. The
methods are well defined for traditional utilities, such as sewer, water, and
electricity, and clearly allowed under Arizona law. However, implementing
such a system in Arizona for drainage may require legislation. |

The ground-water recharge elements of the Surface Water Plan may provide
one other funding mechanism that should be mentioned. Recharged ﬁater is
available for extraction and sale as domestic water. Recent. changes in the
Arizona water laws and litigation in progress on water rights will all serve
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to make ground water a resource with value far in excess of the cost of
extraction. The "right" 6 to extract and sell ground water that has been
recharged will have value. When this occurs, the cost of recharging may be
recovered through the sale of water. The ultimate water user can be direct]y
charged for the amount of water useéd through water utility fees and the cost
of recharging can be paid from such revenues. Unfortunately, there may be a
significant time lag between the time the cost of recharging is incurred and
the time the resource can be sold to recover the expenditure. Conseguently,
even though this financing system offers the clearest cost-benefit rela-
tionship, it may be the most diffigu]t to implement, since the time between
cost and benefit may involve generations.

The above summarizes some of the issues and possible soluticns to be con-
sidered in drafting a capital-improvements plan to implement this Surface
Water Pian. Implementation is not an easy issue. The costs are high: $85
million over the next 30 years, assuming the full study area develops over the
same period. Drainage, by its nature, required a broad-based financial
resource capable of ignoring normal governmental jurisdictional boundaries.
Many of the concepts, such as ground-water recharge, recreational joint use,
and open space, are expensive and have very long-term benefits to the com-
munity, while requiring a very short-term financial commitment. Making a
Tong-term community commitment when no immediate problem exists is difficult
to "sell" to the public. Financing a. flood-control project, like a leaking
roof, is also hard to "sell" when jt's not raining; and is even harder to
"sell" to a person who is not flooded, but may be contributing to someone
else's potential problem. A1l of these factors should be considered in
selecting the financing tools necessary to implement the plan. The key to
‘“selling" the plan, but perhaps the most difficult to ever achieve, is
“equity." '
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