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SECTION 1: INTRODUCTION

1.1 PURPOSE OF STUDY

This Technical Data Notebook (TDN) documents the hydraulic analysis conducted to define the
revised floodplain/floodway limits proposed for Skunk Creek, from Adobe Dam to Interstate 17.
The study reach is located within the City of Phoenix, in Section 35 of Township 5 North, Range
2 East, and Sections 2, 10, 11, and 15 of Township 4 North, Range 2 East, G&SRB&M,

Maricopa County, Arizona. See Figure 1-1 for a location map.

1.2 AUTHORITY FOR STUDY

This study was completed by Tetra Tech, Inc. for the City of Phoenix under subcontract to
EMCON/OWT Solid Waste Services, a member of the IT Group (EMCON). The City of
Phoenix project number is SA-930222. Mr. Marty Arambel is the Project Manager for the City
of Phoenix, Mr. Garth Bowers is the Project Manager for EMCON, and Mr. Pedro Calza is the

* Project Manager for Tetra Tech.

1.3  DESCRIPTION OF STUDY AREA

Skunk Creek is a typical alluvial desert wash which originates in the northern mountains of
Maricopa County. It is a tributary of the New River and courses through unincorporated portions
of Maricopa County and the cities: of Phoenix, Glendale, and Peoria. The Skunk Creek
watershed above Adobe Dam is approximately 90 square miles in area and drains generally from
north to south. The Central Arizona Project (CAP) Canal transects the lower portion of the
watershed. Skunk Creek is conveyed across the Canal in a concrete overchute. Immediately
downstream of the Canal is its confluence with Sonoran Wash. Downstream of the confluence,
Skunk Creek has been almost completely channelized by various City of Phoenix (the City) and
U.S. Army Corps of Engineers (the Corps) projects until it reaches Adobe Dam. The study

limits are from Adobe Dam to Interstate 17.

14 BACKGROUND
A map revision is necessary to reflect changes in water surface elevation and
floodplain/floodway boundary adjustments that are a result of multiple construction projects in

and adjacent to the Skunk Creek channel. These projects include: the Skunk Creek Landfill and

Skunk Creek LOMR 1 Tetra Tech Inc.
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associated levees; the Pinnacle Peak Road bridge, drop structure, and associated channelization;
the Adobe Highlands residential development; and Paseo Highlands Park, located on the

southeast corner of Pinnacle Peak Road and 35" Avenue.

In 1992, the Skunk Creek Channel Improvements project channelized Skunk Creek through the
Skunk Creek Landfill area using levees with soil-cement bank protection. The project was
designed to protect the Skunk Creek Landfill from the Federal Emergency Management Agency
(FEMA) 100-year flood event. Hydraulic design for the project was completed by Harza
Engineering Company; construction plans were developed by Morea-Hall Engineering, Inc.
There are active, inactive (closed), and planned landfill cells along the entire length of the
channelization project. The elevation of the closed landfill cells behind the bank protection is
typically higher than the 100-year water surface. However, the elevation of the undeveloped
landfill area, which includes the proposed cells, is generally lower than the 100-year water
surface. These areas are protected by levees with soil cement bank protection. The undeveloped

cells will eventually be built up to height significantly higher than the existing levees.

During construction of the Channel Improvements project, the channel invert was re-graded and
cleared of vegetation from the downstream limits of the landfill to Happy Valley Road. Typical
desert brush has since re-vegetated the channel. Happy Valley Road is an arterial street which
splits the landfill roughly in half, north and south, and crosses Skunk Creek via an at-grade
crossing. Upstream of Happy Valley Road to the existing Corps of Engineers levee system, the
channel invert was left in a more natural state, except for the area excavated to construct the soil
cement bank. The Skunk Creek levee system wraps into high ground on both sides of the
channel at the Happy Valley Road crossing. Penetrations were provided through the levees for
interior drainage at all four corners of the crossing. The culverts which penetrate the levees are

equipped with flap gates to prevent flood waters from entering the detention basins on the back

side of the levees.

In 1994, a hydraulic analysis performed by Simons, Li & Associates, Inc. (SLA) indicated that
the as-built levees did not meet the FEMA freeboard requirement at some locations upstream of
Happy Valley Road. Consequently, a project was developed in 1998 to construct concrete

freeboard walls on top of the levees which did not meet the three foot FEMA freeboard

requirement. The construction plans were prepared by EMCON.

Skunk Creek LOMR 2 Tetra Tech Inc.
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In 1995, the City of Phoenix constructed an all-weather crossing of Skunk Creek at Pinnacle
Peak Road. This project included a four-span concrete box-girder bridge, a roller-compacted
concrete drop structure located approximately 350 feet upstream of the bridge, and an excavated
channel with soil-cement bank protection between the drop structure and the bridge. The
excavated channel has a bottom width of 250 feet and continues, unlined, downstream of the
bridge to the Adobe Dam reservoir area. The construction plans for the Pinnacle Peak Road

Bridge, drop structure, and associated channelization were prepared by Wood Patel and

Associates, Inc.

The Adobe Highlands residential development is located east of 35" Avenue and south of
Pinnacle Peak Road, next to the upstream side of Adobe Dam. Grading for the project was
completed in 2000. Coe & Van Loo Consultants, Inc. prepared the civil engineering plans for
the development. They also prepared and submitted a Letter of Map Revision (LOMR) request
to FEMA for revision of the 100-year floodplain and floodway boundaries in the area of the
development, based upon updated topographic information along 35™ Avenue from Pinnacle
Peak Road to Adobe Dam. The LOMR, Case No. 98-09-1096P, was approved by FEMA,
effective November 19, 1998. The HEC-2 model prepared for the LOMR 1is now the effective
Flood Insurance Study (FIS) model from Adobe Dam to Pinnacle Peak Road. No new hydrology

was prepared for the study.

In 2001, construction began on Paseo Highlands Park, a City of Phoenix park located on the
southeast comner of Pinnacle Peak Road and 35™ Avenue. Grading plans for the park were used
by Coe & Van Loo Consultants, Inc., in preparation of a HEC-2 model of flow breakout from
Skunk Creek that occurs on the east bank, just north of Pinnacle Peak Road. That model and its

supporting documentation have been submitted under separate cover.

1.5 METHODOLOGY

No new hydrology was completed for this study. The effective FIS 100-year peak discharge of
39,000 cfs was used for the analysis. The hydraulic analysis was completed using the U.S. Army
Corps of Engineers HEC-2 program, version 4.6.2, as implemented by Dodson & Associates,
July 1995. There are two effective FIS HEC-2 models within the study reach. The effective

Tetra Tech Inc.
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model from the 1998 Adobe Highlands LOMR begins in the Adobe Dam reservoir area and goes
to Pinnacle Peak Road. The second effective model begins at Pinnacle Peak Road and ends
above the confluence with Buchanan Wash, at the downstream end of the Corps’ levees. The

City of Phoenix provided the documentation for both models, but the available documentation

was incomplete.

Problems with effective FIS model documentation are discussed in Section 5.7.

1.6  SUMMARY OF RESULTS

The effective FIS floodway surcharges range from —0.3 to 0.5 feet. In the revised model, the
floodway is equal to the floodplain at all locations. No floodway profile was run in the revised
model, because the study reach is almost completely channelized and new development will not

be encroaching into the floodplain.

The differences in water surface elevations between the effective model and the revised model.
range from —8.0 feet just upstream of the Pinnacle Peak Road bridge to 2.7 feet at FIS cross-
section AI. The large changes in water surface elevations are due to the extensive channel

modifications that have taken place since the FIS study was completed.

There has been extensive grading and channelization of the reach from the Corps’ levees
downstream to Happy Valley Road (FIS cross-sections AO — AR), resulting in water surface
elevation increases up to 2.5 feet. The width of the revised 100-year floodplain is approximately
one-third of its previous width. Also, a new levee around the Skunk Creek Landfill on the west

bank has pushed the confluence with Buchanan Wash approximately 1400 feet upstream of its

historical location.

At the time that the effective FIS study was completed, there were already levees containing the
flow through the Skunk Creek Landfill reach downstream of Happy Valley Road (FIS cross-
sections AJ - AN). However, the channel bottom was left in a more natural state and was not
completely graded as it is at present. The grading project evened out the channel bottom,

altering the cross-section geometry, which in turn causes changes, both positive and negative, in

Skunk Creek LOMR 4 Tetra Tech Inc.




(¥

@

water surface elevations. However, the elevation changes alter the floodplain boundary very

little, because the flow is still contained between the levees.

The largest difference in water surface elevation is -8.0 feet, which occurs at effective FIS cross-
section 9.115. This cross-section is immediately downstream of the drop structure north of
Pinnacle Peak Road. Skunk Creek has been channelized, and the channel bed lowered, from this
point to the downstream end of the study reach. However, the elevation changes alter the width
of the floodplain very little, because the flow is contained within the channel. Revisions to the
floodplain boundary south of Pinnacle Peak Road are due to breakout flooding on the left

overbank, which is analyzed in a separate report prepared by Coe & Van Loo Consultants, Inc.

There is also a flow breakout of about 1,000 cfs on the right overbank at RM 9.35, which is
upstream of the drop structure. No mapping of the overbank area was available, so it was not
possible to delineate the extents of flooding due to the breakout. The amount of breakout flow is

noted on the workmaps and the overtopped area is labeled “Limit of Detailed Study”.

Skunk Creek LOMR 5 Tetra Tech Inc.




FIGURE 1-1: Location Map

a
e
2 NA - —
2o\ SR % &e»
—_—
. we e & ! pROJECT LOCATION

Y, 2 ] P
o T e 4 | g ALY i %
A’\?@_ ? l GLENDALEJ A Z e = \:— < W
JH TN N, o &
S CAHELBACK R NITT N | | P"\ \\ ,m"\
Lo T TN T ’\lﬂ\ﬂ\F“J‘ m’>\m
/;\\ RO s T A T ap
— e mman s amm s VAR TR
£ t T S A \ {A\\ \\\ \\Y \
; .: LTRYE i sma
a 1'5' H77 : SEtsemsties %
1T ] % T W WV W WD W W - 28, 0.1
S i i il | ) i B ‘ “5““““

PERSPECTIVE

VICINITY MAP

NOT TO SCALE

6 Tetra Tech Inc.

Skunk Creek LOMR







®

SECTION 2: ADWR AND FEMA FORMS

2.1 STUDY DOCUMENTATION ABSTRACT
STUDY DOCUMENTATION INITIAL
ABSTRACT STUDY RESTUDY | CLOMR | LOMR | OTHER
Skunk Creek — Adobe Dam to I-17 X
SECTION 1: GENERAL INFORMATION

1A | COMMUNITY Phoenix, Arizona
1B | COMMUNITY NUMBER 040051
1C | COUNTY Maricopa
1D | STATE Arizona
1E | DATE STUDY ACCEPTED

STUDY CONTRACTOR Tetra Tech Infrastructure Southwest Group

CONTACT(S) Pedro Calza, P.E.
1F ADDRESS 4801 E. Washington Street, Ste. 260
PHONE Phoenix, AZ 85034
(602) 682-3300
. TECH REVIEWER (FEMA)

1G PHONE

FEMA REGIONAL

REVIEWER
1H PHONE

STATE REVIEWER
11 PHONE

LOCAL REVIEWER Flood Control District of Maricopa County
1J PHONE
1K | RIVER OR STREAM NAME Skunk Creek

Interstate 17

REACH DESCRIPTION Sllohs S, ISR
1L River Mile 8.69 — 11.57
1K STUDY TYPE Riverine

Skunk Creek LOMR
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SECTION 2: MAPPING INFORMATION

2A | USGS QUAD SHEET(S) Heggpeth Hllls,.Arlzona, 7.5. Minute USGS QUAD Map
Union Hills, Arizona, 7.5 Minute USGS QUAD Map
MAPPING FOR HYDROLOGIC
STUDY:
TYPE/SOURCE N/A
SCALE
2B DATE
MAPPING FOR HYDRAULIC Mapping provided in digital format
STUDY: Prepared by M&B Aerial Mapping, Inc.
TYPE/SOURCE Flight Dates: 1/7/98 and 2/11/00
SCALE Twoof . 1 It
DATE wo-toot contour-interval, generally
2C One-foot contour interval from RM 9.16 — 9.42

SECTION 3: HYDROLOGY

MODEL OR METHOD USED
(including vendor and version

3A | description) Used Existing FIS Hydrologic Information

3B | STORM DURATION

3C | HYETOGRAPH

3D | FREQUENCIES DETERMINED
LIST OF GAGES USED IN
FREQUENCY ANALYSIS OR
CALIBRATION (Location, Years
of

3E | Record, Gage Ownership)

3F | RAINFALL AND REFERENCE
UNIQUE CONDITIONS AND

3G | PROBLEMS
COORDINATION OF Q'S

3H | (Agency, Date, Comments)

Skunk Creek LOMR
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.3 SECTION 4: HYDRAULICS

MODEL OR METHOD USED ProHEC-2, Version 4.6.2PD
(Including Vendor and Version Dodson & Associates, Houston, TX

4A | Description) July 1995 i
4B | REGIME Subcritical |
FREQUENCIES FOR WHICH 100-Year

4C | PROFILES WERE COMPUTED

METHOD OF FLOODWAY

4D | CALCULATION N/A, Floodway = Floodplain

UNIQUE CONDITIONS AND Flow Split, Bridge Piers, Drop Structure

4E | PROBLEMS - See Attached Report
ADDITIONAL STUDY INFORMATION
ITEM DESCRIPTION/DISCUSSION
Report provides technical appendices including HEC-2
Backup Report input and output and floodplain/floodway maps
é 2.2 APPLICATION/CERTIFICATION FORMS

The required FEMA application and certification forms (MT-2 Forms 1,4,5,6,7) are included in
Appendix & &

Skunk Creek LOMR ' 9 Tetra Tech Inc.
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SECTION 3: SURVEY AND MAPPING INFORMATION

3.1 FIELD SURVEY INFORMATION

Control surveys of the project area were completed for topographic mapping purposes in
February 2000 and January 2001 by Morrison-Maierle, Inc., an Arizona Corporation. Additional
survey for culvert and cross-section data was conducted in June 2001. A copy of the field notes,

control point summary, and list of Elevation Reference Marks (ERM) is included in Appendix C.

The vertical datum used for the effective topographic mapping (September 1986) was NGVD29,
while the datum used for the new mapping was not clearly defined. Consequently, four control
points common to both surveys (ERMs 517, 519, 525, 526) were compared to check the vertical
datum. The elevations at all four points agree within 0.30 feet. ERM 525, located near the CAP
Canal at the upper study limit, and ERM 519, located near the confluence with Skunk Creek,
agree within 0.05 feet. Therefore, the water surface elevations of this study are compared

directly with the effective study without adjustment.

Morrison-Maierle also surveyed the parapet walls that were erected on top of levees upstream of

Happy Valley Road that had inadequate freeboard. The top of wall elevations are shown on.

as-built drawings prepared by EMCON. The wall elevations were added to the cross-section

ground profiles in the hydraulic model.

3.2 MAPPING DESCRIPTION

New two-foot contour mapping, provided in digital format, was used to prepare the Skunk Creek
hydraulic model. The mapping is based on aerial photography taken by M & B Aerial Mapping,

Inc. The area was covered on two separate flights, as follows:

January 7, 1998: Main site map (the Skunk Creek Landfill).
February 11,2000:  Coverage upstream and downstream of the landfill.

Control survey work for the mapping was done by Morrison-Maierle, Inc., as described in

Section 3.1.

Skunk Creek LOMR . 10 Tetra Tech Inc.






SECTION 4: HYDROLOGIC ANALYSIS

®

The effective FIS hydrologic data was used for this study. The effective FIS peak 100-year
discharge in the study reach is 39,000 cfs.

Y
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SECTION 5: HYDRAULIC ANALYSIS

<5 | METHOD DESCRIPTION

Standard hydraulic methods were used to determine the 100-year event floodplain boundaries.
Water surface profile modeling was done using the U.S. Army Corps of Engineers HEC-2
computer program, as implemented by Dodson & Associates, Inc. in their ProHEC2 Plus

software, version 4.6.2PD, July 1995.

The study reach begins at River Mile 8.69, which is located in the ponding area upstream of
Adobe Dam, south of Pinnacle Peak Road and west of 35" Avenue. The natural channel only
extends about 1,400 feet north (upstream) of the ponding area. From that point to the upstream
study limit at River Mile 11.57, Skunk Creek has been almost completely channelized by various
City of Phoenix (the City) and U.S. Army Corps of Engineers (the Corps) projects. A 100-year
bridge crossing at Pinnacle Peak Road was constructed by the City in 1995. The project
included a stepped concrete drop structure, located approximately 350 feet upstream of the
bridge, and an incised channel with soil cement bank protection that begins at the drop structure
and goes downstream, under the bridge. The channel continues, unlined, for approximately 800

feet south of Pinnacle Peak Road to the Adobe Dam reservoir area.

Upstream of the drop structure, the Skunk Creek landfill borders both sides of the channel for 1.5
miles to the confluence with Buchanan Wash at River Mile 11.03. Continuing upstream from
the Buchanan Wash confluence, the Corps constructed levees that channelize Skunk Creek as it
passes under Interstate 17. There are three breaks in the channelization within the study reach.
These are at the Buchanan Wash confluence, at Happy Valley Road (an at-grade crossing), and
on the east overbank between the southern end of the Skunk Creek landfill and the drop structure
north of Pinnacle Peak Road. The ultimate design of the Pinnacle Peak Road bridge crossing
includes complete channelization between the bridge and the landfill, but there was insufficient
funding to complete the entire project at the time the bridge was constructed. During the
100-year event, flow breaks out of the channel at this location, covers the east overbank, and

flows across Pinnacle Peak Road and 35" Avenue. The flow split analysis is discussed in

Section 5.5.4.

12 Tetra Tech Inc.
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The HEC-2 model developed for this study replaces two currently effective FIS models. The
first effective model begins at River Mile 8.69, the downstream limit of the study area. This
model is effective to River Mile 9.05, which is approximately 300 feet south of Pinnacle Peak
Road. The second model is effective from River Mile 9.05 to the upstream limit of the study
reach. The models overlap because they both contain cross-sections from River Mile 8.69 to
10.04, but each one is effective for only the River Miles listed in Table 5-1. Problems were

encountered in obtaining sufficient documentation for the effective FIS models. These problems

are discussed in Section 5.7.

TABLE 5-1: Summary of Effective Models

TOTAL RIVER | EFFECTIVE
MODEL I?;J'II‘\;E MILES FIS RIVER g;scg,lfgsg
IN MODEL MILES
#1 10/12/98 8.69 —10.04 8.69 —9.05 AG-AH
#2 2/20/90 8.69-11.40 9.05-11.40 Al— AR

Duplicate effective models were produced for both effective models to assure that the ProHEC-2

software used to develop the new model is compatible with previous models.

The proposed model incorporates revised river stationing because extensive channelization of
Skunk Creek has straightened the reach. The proposed model begins at River Mile 8.69, as the
effective models do, but all upstream cross-sections have been re-stationed. An attempt was
made to duplicate the placement of cross-sections from the current effective models so that a
comparison of water surface elevations could be made. Due to changes in topography and
channel alignment, this was not always possible. The river miles shown in Table 5-1 are not

revised; they are the original cross-section stations from the current effective models.

The proposed HEC-2 model begins in the pooling area behind Adobe Dam. The 100-year
pooled water surface elevation (WSEL) of 1378.0 feet was used to begin the model. The current

effective model uses this procedure and was the source of the starting WSEL data.

Tetra Tech Inc.
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52  WORKSTUDY MAPS

Work study maps were prepared at a scale of 17 =200’. Figure 5-1 shows a general overview of
the study area and key features. Figure 5-2 shows a set of reduced scale work study maps. The
baseline generally follows the channel thalweg. The basis for river mile stationing on Skunk
Creek is at River Mile 0.00, which is the confluence of Skunk Creek and New River. For this
Study, the revised baseline stationing begins at River Mile 8.69 and continues upstream to River
Mile 11.57, which is immediately downstream of Interstate 17. Cross-sections are labeled by

River Mile station, rounded to the nearest 1/ 100" of a mile.
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FIGURE 5-1: Study Area Overview
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53 PARAMETER ESTIMATION

5.3.1 Roughness coefficients

Roughness coefficients were based on field observations and engineering judgement. The
grading and channelization projects have left the study reach fairly uniform in regards to
roughness and flow obstructions. Overbank N values range from 0.030 to 0.050. Channel N
values range from 0.020 to 0.040. A Manning’s N value of 0.035 was used for the channel and
overbanks within channelized sections of the reach. It should be noted that the channel
roughness may vary, depending upon the amount of vegetation present. Following levee
construction, the channel was virtually cleared of vegetation, but over time it has regrown. It is

probable that future maintenance projects will again remove vegetation in the channel, although

this is not a scheduled activity.

5.3.2 Expansion and contraction coefficients

The standard expansion and contraction coefficients of 0.3 and 0.1, respectively, were used. The
bridge at Pinnacle Peak Road does not have abutments that encroach into the channel. Instead,
the incised channel continues uninterrupted underneath the bridge, with only bridge piers causing
added obstructions. Downstream of the Skunk Creek landfill, flow expands onto the east

overbank at approximately a 4:1 ratio, so no adjustment of the expansion coefficient was

necessary.

5.4 CROSS SECTION DESCRIPTION

Cross-sections were placed approximately every four to five hundred feet. At roads, breaks in
the levees, the bridge, and the drop structure, they are spaced as needed to model the flow
appropriately. Cross-sections are labeled by river mile station, rounded to the nearest 1/ 100™ of

a mile. All cross-sections are stationed from left to right, looking downstream. The baseline

station for all cross-sections is 5,000.

Tetra Tech Inc.
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The ground profiles for cross-sections 9.25 through 11.03 were obtained using BOSS-RMS
computer software, which runs within AutoCAD and cuts cross-sections using a digital terrain
map (DTM). The cross-sections at the top and bottom of the drop structure were taken from

topographic mapping. All other cross-sections were cut from the DTM using Softdesk Civil Site

software.

In 1994, a hydraulic analysis performed by Simons, Li & Associates, Inc. (SLA) indicated that
the as-built levees did not meet the FEMA freeboard requirement at some locations upstream of
Happy Valley Road. Consequently, a project was developed in 1998 to construct concrete
freeboard walls on top of levees which did not meet the three foot FEMA freeboard requirement.
The walls are in place from cross-section 10.38 through 1A0.93. These cross-sections were edited

to include the surveyed top-of-wall elevations from the as-built construction plans.

5.5 MODELING CONSIDERATIONS

5.5.1 Hydraulic Jump and Drop Analysis

There is one drop structure within the study reach, located approximately 350 feet upstream of
Pinnacle Peak Road. It is a stepped roller compacted concrete (RCC) structure consisting of
seven steps (approximately 6.42 feet horizontal to 2.14 feet vertical) that extend across the
incised channel. The structure includes a concrete stilling basin to induce a controlled hydraulic
jump, upstream and downstream concrete cutoff walls to mitigate undermining of the structure, a
network of perforated pipe weep holes to relieve uplift forces, and riprap channel protection
upstream and downstream of the structure. The design capacity of the structure is 22,000 cfs,
which is approximately the portion of the 100-year event that would pass over it. The remainder
of the 100-year flow breaks out of the channel over the east bank between cross-sections 9.25
and 9.42 and flows southward over Pinnacle Peak Road. For details of the drop structure design,

refer to Final Drainage Report — Pinnacle Peak Road Bridge over Skunk Creek, by Wood, Patel

& Associates, July 1994. The report includes spillway drop structure and uplift calculations.
For this study, the drop structure was modeled using two cross-sections, one at the top lip of the
structure and another at the bottom. The hydraulic jump is contained within the incised channel,

so no special adjustments of the floodplain/floodway boundaries were necessary.
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5.5.2 Bridges and Culverts

The only bridge in the study reach is at the Pinnacle Peak Road crossing. There are no culverts.
The bridge is a four span, concrete girder structure with three sets of 4-foot diameter piers. The
abutments are spaced approximately 314 feet apart. It is designed to pass the 100-year event
without overtopping and to survive the forces generated by the 500-year event. For details of the

bridge design, refer to Phase I, Design Option Report — Pinnacle Peak Road Bridge over Skunk

Creek, Addendum, by Wood, Patel & Associates and Alpha Engineering Group, Inc., November

1993. Official record drawings were obtained from the City of Phoenix (Pinnacle Peak Road
Bridge over Skunk Creek, Project No. BR-922765, 1994). No as-built drawings were available.

The bridge was modeled using the Normal Bridge Method. Cross-sections 9.145 and 9.155
model the downstream and upstream bridge faces, respectively. The piers are modeled by

adjusting the ground profile using the GR cards.

5.5.3 Levees and Dikes

The first channelization project in the study reach was completed by the Corps at an unknown
date. This project included levees upstream and downstream of the I-17 crossing. Contract
drawings dated 1981 were obtained (refer to Gila River Basin, New River and Phoenix City
Streams, Arizona — Skunk Creek Channel and Levees, Spec. No. DACW09-82-B0004). The

Corps levees end just upstream of the confluence with Buchanan Wash, at Cross-section 11.19.

In 1992, the Skunk Creek Channel Improvements project channelized Skunk Creek through the
Skunk Creek Landfill area and provided soil-cement bank protection. The project was designed
to protect the landfill from the FEMA 100-year flood event. There are active, inactive (closed),
and planned landfill cells along the entire length of the channelization project. The elevation of
the closed landfill cells behind the bank protection is typically higher than the 100-year water
surface. As a result, the soil cement levees have effectively become soil cement bank protection.
The elevation of the undeveloped landfill area, which includes the proposed cells, is generally
lower than the 100-year water surface. These areas are protected by levees with soil cement

bank protection. The undeveloped cells will eventually be built up to a height significantly
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higher than the existing soil-cement levees. As a result, the soil cement levees will effectively
become soil cement bank protection. For construction drawings of the project, refer to City of

Phoenix, Engineering and Architectural Services, Project Management, Skunk Creek Channel

Improvements, Index Number SA-884080, Morea-Hall Engineering, Inc., April 22, 1992. The
hydraulic analysis for the project is detailed in Skunk Creek Channel — Hydraulic Analysis of

Proposed Channel Improvement, Phoenix, Arizona, by Harza Engineering Company, July 1986.

A 1998 study by Simons, Li & Associates showed that there was insufficient freeboard (less than
3 feet) at some locations on the landfill levees upstream of Happy Valley Road. As a result,

concrete parapet walls were constructed on top of the levees from Cross-section 10.41 to 10.93.

For design details, refer to Design Concept Report, Skunk Creek Channel Improvements —
Alternatives Analysis for Freeboard, Skunk Creek Landfill, Phoenix, Arizona, by Simons, Li &

Associates, Inc., September 1998. Construction plans were prepared by EMCON.

No special modéling techniques were used for the levees. They are not overtopped by the 100-
year event, so no split flow routines were necessary. Cross-section geometry was taken from the
topographic mapping and as-built construction plans for the parapet walls. Additional design

documents concerning the levees are included in Appendix F.

When the bridge and drop structure were constructed in 1995, two different guide banks were
built on the east overbank to direct high frequency flows over the drop structure. The innermost
guide bank is a temporary “sugar” dike intended to redirect flows up to the 10-year event. The

outermost guide bank is described in Final Drainage Report — Pinnacle Peak Road Bridge over

Skunk Creek, by Wood, Patel & Associates, as an earthen levee, approximately 3 to 4 feet high,

with a concrete cutoff wall core, protected by riprap. A similar guide bank was constructed at
the western side of the drop structure. However, since as-builts are not available, there is no
evidence that the concrete wall cores were ever constructed. Also, there are no design
calculations showing that the guide banks would withstand the forces generated during a

100-year flood event. Therefore, these structures were assumed to fail and were not treated as

permanent structures in the model.

Skunk Creek LOMR " 23 Tetra Tech Inc.




‘\

o

5.5.4 Islands and Flow Splits

There are no hydraulically significant islands within the study reach. A flow split does occur
upstream of the drop structure, north of Pinnacle Peak Road. South of the landfill, flow breaks
out on the east overbank and moves southward, flowing over Pinnacle Peak Road. The tendency
for the flow to break out in this direction was increased by the construction of the Adobe
Mountain subdivision on the west bank in 1986. This project included fill and bank protection
that removed a portion of the west overbank north of Pinnacle Peak Road from the floodplain

(LOMR first issued June 15, 1987; re-issued March 9, 1990).

The flow split was modeled by drawing a flow “boundary line” from the eastern abutment of the
Pinnacle Peak Road bridge upstream to the point where flow begins expanding over the east
overbank, at the southern end of the Skunk Creek Landfill (see Figure 5-1). Flow that crossed
this boundary line was assumed to continue southward, over Pinnacle Peak Road, instead of
going over the drop structure and into the channel under the bridge. The exact amount of
discharge in the flow split model was determined by matching water surface elevations at Cross-
section 9.25. The station where the flow boundary line divides Cross-section 9.25 is coded as
the east bank ineffective flow station in the main channel model, and as the west bank ineffective
flow station in the split flow model. The result of this method was a split flow discharge of
15,500 cfs, leaving 23,500 cfs in the main channel. Downstream of the bridge, breakout flow on
the overbank re-enters the main channel gradually, beginning immediately south of Pinnacle
Peak Road and continuing to weir into the channel as it moves southward. The City of Phoenix
Paseo Highlands Park, on the southeast corner of Pinnacle Peak Road and 35™ Avenue, is
inundated by the breakout flow. The park extends approximately 1,600 feet south of Pinnacle
Peak Road. South of the park is the Adobe Highlands residential subdivision, located

immediately upstream of Adobe Dam.

An analysis of the 100-year floodplain resulting from the flow breakout, Split Flow Analysis over

Pinnacle Peak Road, dated October 7, 2002 was prepared by Coe & Van Loo Consultants, Inc.

(CVL) and is submitted under separate cover. The CVL analysis is based upon a split flow peak
discharge of 15,500 cfs on the east bank at Pinnacle Peak Road. The results of the CVL analysis

were not available at the time this report was prepared, so the hydraulic model for this study was
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for this study was coded to return all breakout flow to the main channel at the first cross-section

downstream of Pinnacle Peak Road.

5.5.5 Ineffective Flow Areas

Ineffective flow areas are designated to remove swales, small side channels, local depressions, or
floodplain fringe areas from the hydraulic capacity of a cross-section because these areas do not
contribute to the downstream conveyance of the flow. Such areas have been identified at the
Happy Valley Road crossing and between the drop structure and the downstream boundary of the
landfill. Encroachment Method 1 was used to define the ineffective flow boundary in these

areas.

5.5.6 Supercritical Flow

The revised HEC-2 model was coded for subcritical flow profile computations. The modeling
results confirm the wash functions in this flow regime. The model results indicate that sustained
supercritical flow does not occur within the study reach, with the exception of flow that passes
over the drop structure north of Pinnacle Peak Road. A concrete stilling basin at the base of the

drop structure contains the resulting hydraulic jump, where flow returns to a subcritical regime.
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56 FLOODWAY MODELING

The floodway concept is used to define the amount of floodplain encroachment that is considered
acceptable for development. A floodway consists of the main channel of a stream plus sufficient
overbank area to convey the 100-year flood without increasing flood heights by more than a
specified amount. FEMA standards limit the maximum increase in floodway elevation to one

foot (1') above the base flood elevation.

The study reach is almost completely channelized within levees that contain the 100-year flood
event. Further encroachment into the channel is unlikely to occur. For this reason, the floodway

is defined as being equal to the delineated floodplain.

5.7 PROBLEMS ENCOUNTERED

5.7.1 Incomplete Documentation

Sufficient documentation of the effective FIS models was not available from any source. Two
versions of the HEC-2 model from the 1998 LOMR were received, in which FIS cross-sections
AG and AH were revised. Neither version exactly matches the revised Base Flood Water
Surface Elevations published in the Floodway Data table (see Columns 9-12 in Table 5-2). Also,
the effective FIS model cited in the 1998 LOMR submission was actually an older version that
did not incorporate revisions made in 1987, as documented in the Flood Insurance Study for

Maricopa County, Arizona, and Incorporated Areas, Volume 3 of 12, revised September 30,

1995.

The documentation that was available for the effective FIS HEC-2 model for the balance of the

study reach included the following:

e A hardcopy printout of a HEC-2 run executed on 02-02-90, which was labeled “Skunk
Creek, Adobe Subdivision; 100-Year Natural with Proposed Conditions; Baker
Engineers”, using the HEC-2 release dated November 1976, updated May 1984. The
results of this model do not exactly match the Base Flood Water Surface Elevations

published in the Floodway Data table (see Columns 5 and 6 in Table 5-2).
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‘; e An undated, unsealed set of 200 scale workmaps that cover the entire study area,
prepared by Dibble & Associates, Consulting Engineers, for the Flood Control District of
Maricopa County. Photogrammetry by Kenney Aerial Mapping, flown on August 8,
1974. These workmaps show the 100-year floodplain, floodway, base flood elevations,
and cross-section locations. However, HEC-2 model cross-sections 9.09, 9.10, 9.19, and

9.20 are not shown on the workmaps.

The duplicate effective model was created by retyping the hardcopy data into a HEC-2 input file.
The results of the duplicate effective model, run on an updated version of HEC-2 (May 1984)
still do not exactly match the Base Flood Water Surface Elevations published in the Floodway

Data table (see Columns 7 and 8 in Table 5-2).

5.7.2  Flow Breakout at RM 9.30

a There is a flow breakout of about 1,000 cfs on the right overbank upstream of the drop structure
at revised cross-section 9.35. No mapping of the overbank area was available, so it was not
possible to delineate the extents of flooding due to the breakout. The amount of breakout flow
was determined by modifying the revised FIS model. The split flow option was used to define a

weir along the top of the right overbank from cross-sections 9.25 to 9.42.

Tetra Tech Inc.
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TABLE 5-2: Comparison of Available Effective FIS Model Documentation

HEC-2 EIt;EcCti;e E}fgécctze Effective Effective Effective Effective
FIRM Effective | Effective Model Model Model Duplicate | Duplicate | Model #1 | Model #1 | Model #2 | Model #2
Cross FIS FIS G Floodway | Floodplain Effective | Effective | from 1998 | from 1998 | from 1998 | from 1998
Section | Floodway | Floodplain Section WSELy WS]I;L Floodway | Floodplain| LOMR LOMR LOMR LOMR
Label WSEL WSEL Identifiers | (hardco (harilio WSEL WSEL Floodway | Floodplain | Floodway | Floodplain
Py Py WSEL WSEL WSEL WSEL
only) only)
Revised Revised Run Date: | Run Date: | Run Date: | Run Date: | Run Date: | Run Date: | Run Date: | Run Date:
11/19/98 11/19/98 02/20/90 02/20/90 07/28/97 07/28/97 08/28/98 08/28/98 10/12/98 10/12/98
¢)) 2) 3) ) ©)] (6) W) ® ® (10) (1) (12)
8.69 1379.1 1378.2 1379.1 1378.2 1378.1 1378.0 1378.0 1378.0
AG 1378.2 1378.2 8.75 (AG) 1383.5 1383.3 1383.5 1383.3 1383.0 1382.1 1378.1 1378.1
8.89 1388.5 1388.1 1388.5 1388.1 1386.6 1387.1 1382.9 1382.9
8.965 1391.1 1390.8 1391.1 1390.8 1390.5 1390.3 1383.1 1383.1
AH 1385.4 13854 9.05 (AH) 1394.0 1393.1 1394.0 1393.1 1393.6 1393.0 1385.6 1385.6
9.09 1395.2 1395.2 1395.2 1395.2
9.10 1395.2 1395.2 1395.1 13952
9.115 1395.5 1395.5 1395.5 1395.5 13948 1394.1 1394.9 1394.1
9.19 1396.3 1396.3 1396.2 1396.3
9.20 1396.7 1396.8 1396.6 1396.8
9.21 1398.1 1398.0 1398.1 1398.0 1398.4 1397.6 1398 4 1397.6
Al 1399.4 1399 4 9.31 (AD) 1399.2 13994 1399.1 1399 4 1401.8 1401.3 1401.8 1401.3
9.40 1402.8 1402.6 1402.9 1402.6 1404.5 1403.7 1404.5 1403.7
Al 1405.8 1405.8 9.48 (AT) | 1405.8 1405.8 1405.8 1405.8 1407.0 1406.5 1407.0 1406.5
9.58 1409 .4 1408.9 1409 .4 1408.9 1409.0 1408.6 1409.0 1408.6
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HEC-2 Eéf}e‘:eccti;e Eé%céi;e Effective | Effective Effective Effective
FIRM Effective | Effective Model Model Model Duplicate | Duplicate | Model #1 | Model #1 | Model #2 | Model #2
Cross FIS FIS Cros Hoodwad | Hooacian Effective | Effective | from 1998 | from 1998 | from 1998 | from 1998
Section | Floodway | Floodplain Se:ﬁosn WSELy WsﬁL "| Floodway | Floodplain| LOMR | LOMR | LOMR | LOMR
Label WSEL WSEL Identifiers | (hardco (hardeo WSEL WSEL Floodway | Floodplain | Floodway | Floodplain
Py Py WSEL WSEL WSEL WSEL
only) only)
Revised Revised Run Date: | Run Date: | Run Date: | Run Date: | Run Date: | Run Date: | Run Date: | Run Date:
11/19/98 11/19/98 02/20/90 02/20/90 07/28/97 07/28/97 08/28/98 08/28/98 10/12/98 10/12/98
AK 1411.7 1411.7 9.67 (AK) 1411.7 1411.7 1411.6 1411.7 1411.6 1411.7 1411.7 1411.7
9.75 14154 14154 1415.4 1415 .4 14154 1415.4 14154 14154
AL 1418.7 1418.7 9.84 (AL) 1418.7 1418.7 1418.7 1418.7 1418.7 1418.7 1418.7 1418.7
. 9.94 1420.5 1420.5 1420.5 1420.5 1420.5 1420.5 1420.5 1420.5
AM 14222 1422.2 10.04 (AM) 14222 1422.2 14222 1422.2 1422.2 14222 14222 14222
10.12 14232 1423.2 14232 1423.2
AN 1426.6 1426.6 10.21 (AN) 1426.7 1426.7 1426.7 1426.7
10.30 1430.6 1430.6 1430.6 1430.6
AO 1434 1434 10.40 (AO) 1434.0 1434.0 1434.0 1434.0
10.49 1437.1 1437.1 1437.1 1437.1
AP 1440.4 1440.4 10.62 (AP) 1440.4 1440.4 1440.4 1440.4
10.70 1443.6 1443.6 1443 .6 1443.6
AQ 14479 1447.9 10.83 (AQ) 1447.9 1447.9 14479 14479
10.93 1451.0 1451.0 1451.0 1451.0
AR 1454.7 1454.7 11.04 (AR) 1454.7 1454.7 1454.7 1454.7
11.20 1460.4 1460.4 1460.4 1460.4
11.30 1463.2 1463.2 1463.2 1463.2
11.40 1463.6 1463.6 1463.6 1463.6
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5.8 CALIBRATION

No independent calibration studies were conducted for the proposed HEC-2 model.

5.9 FINAL RESULTS

5.9.1 Hydraulic Analysis Results

The results of the HEC-2 hydraulic ahalysis conducted for the proposed revisions to the Skunk

Creek Flood Insurance Study are summarized in Table 5-3.

TABLE 5-3: Hydraulic Analysis Results

Left Right
Oruss mr o hieske < || soopy, 4-Ciltionl | Average W;fi(t)ﬁ of l\gxfr[::alln }ll)ye(:)rt;u;lfc Froude Sﬁ?ﬁ’f siiitéf:
Section |Discharge WSEL | Velocity
Identifier (cfs) (ft) (ft) (it/s) Flow Depth Flow Number| WSEL WSEL
(ft) (ft) (ft) Meets Meets
Ground | Ground
8.69 39000 1378.00 | 1374.50 5:55 1014.10 14.00 6.93 0.37 4045.04 | 5059.14
8.79 39000 1378.75 | 1377.37 8.33 896.38 12.75 5.22 0.64 4134.82 | 5031.20
8.93 39000 1381.24 | 1378.60 8.67 616.60 11.24 7.29 0.57 4600.57 | 5217.16
9.01 39000 1381.58 | 1381.58 15.43 346.63 9.39 7.29 1.01 483591 | 5182.54
9.08 39000 1385.41 | 1382.13 10.93 350.18 11.94 10.19 0.60 4830.35 | 5180.53
9.14 23500 1387.32 | 1380.44 6.31 309.42 13.32 12.03 0.32 4844.65 | 5154.07
9.145 23500 1387.17 | 1381.55 7.41 283.37 12.27 11.20 0.40 5020.65 | 5319.03
Bridge
9.155 23500 1387.30 | 1381.75 7.44 283.74 12.20 11.13 0.40 5020.46 | 5319.22
9.16 23500 1387.54 | 1380.83 6.47 302.78 13.54 11.99 0.33 4857.05 | 5159.82
9.21 23500 1387.94 | 1380.89 4.87 433.00 11.94 11.15 0.26 4734.68 | 5167.68
Drop Str.
9.22 23500 1394.23 | 1394.23 11.39 511.50 4.23 4.03 1.00 4670.75 | 5182.25
9.25 23500 1396.82 | 1396.82 11.47 542.45 4.82 3.93 0.99 4738.18 | 5280.63
9.30 39000 1399.25 | 1399.25 13.25 576.97 6.25 5.27 0.98 4703.41 | 5280.38
9.35 395000 1402.10 | 1399.99 9.37 629.82 10.10 6.94 0.58 4657.95 | 5287.77
9.42 39000 1403.33 | 1401.68 9.88 681.37 10.33 6.15 0.63 4549.48 | 5230.85
9.45 39000 1403.53 | 1403.53 12.98 648.26 10.53 4.84 0.95 4560.74 | 5209.00
9.54 39000 1408.08 | 1405.70 9.82 49143 11.08 8.08 0.61 4685.57 | 5177.00
9.65 39000 1410.57 | 1408.58 10.61 466.90 8.57 7.87 0.67 4759.95 | 5226.85
9.70 39000 1411.86 | 1410.07 10.37 514.76 7.86 7.31 0.68 4757.74 | 5272.50
9.73 39000 1412.83 | 1410.11 9.20 522.66 8.83 8.11 0.57 4767.98 | 5290.64
9.80 39000 141342 | 141291 13.34 428.32 7.42 6.83 0.90 4775.47 | 5203.79
9.89 39000 1416.91 | 1415.10 11.98 383.13 10.91 8.50 0.72 4775.54 | 5158.67
9.98 39000 1419.25 | 1417.47 11.55 413.94 9.25 8.16 0.71 4856.10 | 5270.04
10.08 39000 1421.59 | 1420.21 12.20 406.99 9.59 7.85 0.77 485591 | 5262.90
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.3 Left | Right
Cross | Peak | yop, | Critial | Average |\ i | NAREER RIS e Sobere | e

Section |Discharge WSEL | Velocity
Identifier (cfs) (ft) (ft) (ft/s) Flow Depth Flow Number| WSEL WSEL
(ft) (ft) (ft) Meets Meets
Ground | Ground
} 10.16 39000 1424.09 | 1422.72 11.62 454,78 8.09 7.38 0.75 4805.77 | 5260.56
: 10.25 39000 1426.71 | 1426.31 12.91 486.32 6.71 6.21 0.91 4791.56 | 5277.88
10.33 39000 1430.13 | 1429.33 12.56 450.34 8.13 6.89 0.84 4802.19 | 5252.54
: 10.34 39000 1430.57 | 1429.81 12.75 436.81 8.57 7.00 0.85 4792.27 | 5229.07
10.38 39000 1431.33 | 1431.33 14.30 430.68 7.33 6.33 1.00 4841.32 | 5272.00
10.41 39000 1434.66 | 1434.66 14.15 448.94 6.66 6.14 1.01 4797.50 | 5246.44
10.42 39000 1436.40 | 1434.71 11.07 474.69 10.40 7.43 0.71 4758.79 | 5233.48
10.51 39000 1438.61 | 1437.03 11.65 468.40 10.61 7.14 0.77 4726.81 | 5195.21
10.62 39000 1441.81 | 1440.35 12.41 422.02 11.81 7.45 0.80 4688.49 | 5110.51
10.70 39000 1444.16 | 1444.03 14.40 406.49 10.16 6.66 0.98 4766.96 | 5173.45
10.83 39000 1450.36 | 1448.93 11.22 485.67 12.36 7.16 0.74 4807.00 | 5292.67
10.93 39000 1452.96 | 1451.39 11.16 475.20 12.96 7:35 0.73 4796.08 | 5271.29
11.03 39000 1455.58 | 1453.00 9.48 505.52 13.58 8.14 0.59 461531 | 5120.83
11.14 39000 1457.62 | 1457.62 15.16 368.24 9.62 6.99 1.01 4762.00 | 5130.24
11.19 39000 1460.56 | 1460.56 16.02 308.90 8.56 7.88 1.01 4839.01 | 5147.91
i 11.29 39000 1462.88 | 1461.79 14.01 315.16 10.88 8.83 0.83 4853.13 | 5168.30
4\1 11.39 39000 1464.58 | 1462.10 12.11 320.78 11.17 10.04 0.67 4838.52 | 5159.30
. 11.48 39000 1465.32 | 1462.48 11.71 321.86 11.32 10.34 0.64 4842.57 | 5164.43
11.56 39000 1468.43 | 1468.43 16.52 282.25 9.29 8.37 1.01 486143 | 5143.68
11.57 39000 1470.39 | 1470.39 17.38 241.45 10.10 9.29 1.00 4881.57 | 5123.02

Table 5-4 summarizes the water surface elevations for the floodplain and floodway of the

effective FIS HEC-2 models, the duplicate effective FIS model, and the revised HEC-2 model.

Table 5-5 summarizes the differences in floodplain and floodway water surface elevations

between the effective FIS HEC-2 models, the duplicate effective FIS model, and the revised

HEC-2 model.

.“'y
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TABLE 5-4: Comparison of Water Surface Elevations

o

lm«

) Effective Effective : : <
FIRM | Effective | Effective Effective FIS FIS Effective FIS | Effective F.'IS Duplicate | Duplicate Revised : .
FIS Model : Floodway Floodplain : i HEC-2 Revised Revised
Cross FIS FIS Floodway | Floodplain Effective | Effective y
x ; Cross WSEL WSEL . Cross Floodway | Floodplain
Section | Floodway |Floodplain : WSEL WSEL Floodway | Floodplain ;
Section (Xsecs (Xsecs Section WSEL WSEL
Label WSEL WSEL Identifiers (Xsecs (Xsecs 9.09 - 11.57) | 9.09 - 11.57) WSEL WSEL Identifier
8.69 - 9.05) | 8.69 - 9.05) | ** ' ' ' &
HEC-2 HEC-2 HEC-2 ver. | HEC-2 ver. HEC-2 HEC-2 HEC-2 HEC-2
ver.4.6.2 | ver.4.6.2 May 1984 May 1984 ver.4.6.2 | ver.4.6.2 ver. 4.6.2 ver. 4.6.2
May 1991 | May 1991 y ¥ May 1991 | May 1991 May 1991 | May 1991
Revised | Revised Run Date: | Run Date: | Run Date: Run Date:
11/19/98 | 11/19/98 10/12/98 10/12/98 02/20/90 02/20/90
8.69 1378.0 1378.0 1378.0 1378.0 8.69 1378.0 1378.0
AG 1378.2 1378.2 | 8.75 (AG) 1378.1 1378.1 1378.1 1378.1 8.79 1378.8 1378.8
8.89 1382.9 1382.9 1382.9 1382.9 8.93 1381.2 1381.2
8.965 1383.1 1383.1 e 5 1383.1 1383.1 9.01 1381.6 1381.6
AH 13854 | 13854 |9.05(AH)| 1385.6 1385.6 | Lo 1385.6 1385.6 9.08 1385.4 1385.4
9.09 1395.2 1395.2 1395.2 1395.2 9.14 1387.3 1387.3
9.10 1395.2 1395.2 1395.1 1395.2
9.145 1387.2 1387.2
Bridge
9.155 1387.3 1387.3
9.115 : 1395.5 1395.5 1395.5 1395.5 9.16 1387.5 1387.5
; 9:21 1387.9 1387.9
- Drop Str.
9.19 1396.3 1396.3 1396.2 1396.3 9.22 1394.2 1394.2
9.20 1396.7 1396.8 1396.6 1396.8
9.21 -1398.1 1398.0 1398.1 1398.0 9.25 1396.8 1396.8
- 9.3 1399.3 1399.3
Al 1399.4 1399.4 | 9.31 (AD) 1399.2 1399.4 1399.1 1399.4 9.35 1402.1 1402.1
— 9.42 1403.3 1403.3
940 | 5 1402.8 1402.6 1402.9 1402.6 9.45 1403.5 1403.5
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: Effective | Effective 2 . :
FIRM | Effective | Effective | Licctdve | ™ prg iy SR ee e RIS RIleetive TUS | oy oot |~ Dupiieatun|  Revised . ]
FIS Model ; Floodway | Floodplain : : HEC-2 Revised Revised
Cross FIS FIS Coiss Floodway | Floodplain WSEL WSEL Effective | Effective C Flood Floodplai
Section | Floodway |Floodplain| : WSEL WSEL Floodway | Floodplain it e il i
Section (Xsecs (Xsecs Section WSEL WSEL
Label WSEL WSEL Identifiers (Xsecs (Xsecs 9.09-11.57) | 9.09 - 11.5 WSEL WSEL Identifi
8.69-9.05) | 8.69 - 9.05) | 09 ~11:57) | 9.09 - 11.57) PRiiTler
HEC-2 HEC-2 HEC-2 ver. | HEC-2 ver. HEC-2 HEC-2 HEC-2 HEC-2
ver.4.6.2 | ver.4.6.2 May 1984 May 1984 ver.4.6.2 | ver.4.6.2 ver.4.6.2 | ver.4.6.2
May 1991 | May 1991 y y May 1991 | May 1991 May 1991 | May 1991
Revised | Revised Run Date: | Run Date: | Run Date: | Run Date:
11/19/98 | 11/19/98 10/12/98 10/12/98 02/20/90 02/20/90
AJ 1405.8 1405.8 | 9.48 (AD) | 1405.8 1405.8 1405.8 1405.8 9.54 1408.1 1408.1
9.58 1409.4 1408.9 1409.4 1408.9 9.65 1410.6 1410.6
--- 9.7 1411.9 1411.9
AK 1411.7 1411.7 ]9.67 (AK) 1411.7 1411.7 1411.6 1411.7 9.73 1412.8 1412.8
9.75 14154 1415.4 1415.4 1415.4 9.8 1413.4 1413.4
AL 1418.7 1418.7 ] 9.84 (AL) § 1418.7 1418.7 1418.7 1418.7 9.89 1416.9 1416.9
9.94 1420.5 1420.5 1420.5 1420.5 9.98 1419.3 14193
AM 1422.2 1422.2 .110.04 (AM 1422.2 1422.2 1422.2 1422.2 10.08 1421.6 1421.6
10.12 1423.2 1423.2 1423.2 1423.2 10.16 1424.1 1424.1
AN 1426.6 1426.6 [10.21 (AN)|: 1426.7 1426.7 1426.7 1426.7 10.25 1426.7 1426.7
e 10.33 1430.1 1430.1
- 10.34 1430.6 1430.6
10.30 1430.6 1430.6 1430.6 1430.6 10.38 1431.3 1431.3
- 1041 1434.7 1434.7
AO 1434 1434 110.40 (AO 1434.0 1434.0 1434.0 1434.0 10.42 1436.4 1436.4
10.49 1437.1 1437.1 1437.1 1437.1 10.51 1438.6 1438.6
AP 1440.4 1440.4 ]110.62 (AP) 14404 14404 1440.4 1440.4 10.62 1441.8 1441.8
10.70 1443.6 1443.6 1443.6 1443.6 10.7 1444.2 1444.2
AQ 1447.9 1447.9 [10.83 (AQ) 1447.9 1447.9 1447.9 1447.9 10.83 1450.4 1450.4
10.93 1451.0 1451.0 1451.0 1451.0 10.93 1453.0 1453.0
AR 1454.7 1454.7 ]11.04 (AR) J3 1454.7 1454.7 1454.7 1454.7 11.03 1455.6 1455.6
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: Effective Effective . : ;
FIRM | Effective | Effective | Fective | ™ prg pis  |Pfective FIS Effective FIS| [ e | Duplicate | Revised : .
FIS Model . Floodway | Floodplain . . HEC-2 Revised Revised
Cross FIS FIS Floodway | Floodplain Effective | Effective .
) 5 Cross WSEL WSEL . Cross Floodway | Floodplain
Section |Floodway |Floodplain . WSEL WSEL Floodway | Floodplain :
Section (Xsecs (Xsecs Section WSEL WSEL
Label | WSEL | WSEL |3 tifiers|  (Xsecs (Xsees | 909_11.57) | 9.09-11.57)| WSEL WSEL: < | yaentifier
8.69-9.05) | 8.69-9.05) | ”° ) ) ’
HEC-2 HEC-2 HEC-2 ver. | HEC-2 ver. HEC-2 HEC-2 HEC-2 HEC-2
ver. 4.6.2 | ver.4.6.2 Mav 1984 May 1984 ver.4.6.2 | ver.4.6.2 ver.4.6.2 | ver.4.6.2
May 1991 | May 1991 ¥ y May 1991 | May 1991 May 1991 | May 1991
Revised | Revised Run Date: | Run Date: | Run Date: Run Date:
11/19/98 | 11/19/98 10/12/98 | 10/12/98 02/20/90 02/20/90
- ; 11.14 1457.6 1457.6
11.20 1460.4 1460.4 1460.4 1460.4 11.19 1460.6 1460.6
11.30 1463.2 1463.2 1463.2 1463.2 11.29 1462.9 1462.9
11.40 : 1463.6 1463.6 1463.6 1463.6 11.39 1464.6 1464.6
i 11.48 1465.3 1465.3
= 11.56 1468.4 1468.4
= 11.57 1470.4 1470.4
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TABLE 5-5: Differences in Water Surface Elevations

0] 2 €) “ Q) (6) @) ®
Effective |Effective FIS Revised Revised
Effective FIS| Effective | Duplicate | FIS Ij“W - FP - HEC-2 Revised HEC-2 FP -
Model Cross FIS Effective FIS| Duplicate | Duplicate e HEC-2 Effective FIS
Section (FW-FP) | (FW-FP) | Effective |Effective FIS Sclich (FW-FP) FP
Identifiers [ft] [ft] FISFW FP Identifier [ft] [£t]
[ft] [ft]
8.69 0.0 0.0 0.0 0.0 8.69 0.0 0.0
8.75 (AG) 0.0 0.0 0.0 0.0 8.79 0.0 0.7
8.89 0.0 0.0 0.0 0.0 8.93 0.0 -1.7
8.965 0.0 0.0 0.0 0.0 9.01 0.0 -1.5
9.05 (AH) 0.0 0.0 0.0 0.0 9.08 0.0 -0.2
9.09 0.0 0.0 0.0 0.0 9.14 0.0 -7.9
9.10 0.0 -0.1 0.1 0.0
9.145 0.0
Briage
9.155 0.0
9.115 0.0 0.0 0.0 0.0 9.16 0.0 -8.0
9.21 0.0
Drop Str.
9.19 0.0 -0.1 0.1 0.0 9.22 0.0 -2.1
9.20 -0.1 -0.2 0.1 0.0
9.21 0.1 0.1 0.0 0.0 9.25 0.0 -1.2
9.3 0.0
9.31 (AD) -0.2 -0.3 0.1 0.0 9.35 0.0 2.7
9.42 0.0
9.40 0.2 0.3 -0.1 0.0 9.45 0.0 0.9
9.48 (AJ) 0.0 0.0 0.0 0.0 9.54 0.0 23
9.58 0.5 0.5 0.0 0.0 9.65 0.0 1.7
9.7 0.0
9.67 (AK) 0.0 -0.1 0.1 0.0 993 0.0 1.1
9.75 0.0 0.0 0.0 0.0 9.8 0.0 -2.0
9.84 (AL) 0.0 0.0 0.0 0.0 9.89 0.0 -1.8
9.94 0.0 0.0 0.0 0.0 9.98 0.0 -1.3
10.04 (AM) 0.0 0.0 0.0 0.0 10.08 0.0 -0.6
10.12 0.0 0.0 0.0 0.0 10.16 0.0 0.9
10.21 (AN) 0.0 0.0 0.0 0.0 10.25 0.0 0.0
10.33 0.0
10.34 0.0
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; : Effective |Effective FIS Revised Revised
Effective FIS| Effective | Duplicate | FIS lj“W - FP - HEC-2 Revised HEC-2 FP -
Model 'Cross FIS Effective FIS Duphc.ate Dup!icate Cigi HEC-2 Effective FIS
Section (FW-FP) (FW-FP) Effective |Effective FIS Skt (FW-FP) FP
Identifiers [ft] [ft] FIS FW FP Identifier [ft] [£t]
[ft] [ft]
10.30 0.0 0.0 0.0 0.0 10.38 0.0 0.7
J . 10.41 0.0
10.40 (AO) 0.0 0.0 0.0 0.0 10.42 0.0 2.4
10.49 0.0 0.0 0.0 0.0 10.51 0.0 1.5
10.62 (AP) 0.0 0.0 0.0 0.0 10.62 0.0 1.4
10.70 0.0 0.0 0.0 0.0 10.7 0.0 0.6
10.83 (AQ) 0.0 0.0 0.0 0.0 10.83 0.0 2.5
10.93 0.0 0.0 0.0 0.0 10.93 0.0 2.0
11.04 (AR) 0.0 0.0 0.0 0.0 11.03 0.0 0.9
11.14 0.0
11.20 0.0 0.0 0.0 0.0 11.19 0.0 0.2
11.30 0.0 0.0 0.0 0.0 11.29 0.0 -0.3
11.40 0.0 0.0 0.0 0.0 11.39 0.0 1.0
11.48 0.0
11.56 0.0
11.57 0.0
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As shown in Columns 4 and 5 of Table 5-5, the duplicate effective FIS model accurately reflects
the effective FIS model. Columns 2 and 3 demonstrate that the floodway surcharge for the
effective model ranges from —0.3 to 0.5 feet, while Column 7 shows that the floodway is equal to
the floodplain at all locations in the revised HEC-2 model. No floodway profile was run in the
revised model, because the study reach is almost completely channelized and new development

will not be encroaching into the floodplain.

Column 8 summarizes the differences in water surface elevations between the effective model
and the revised model. These differences range from —8.0 feet just upstream of the Pinnacle
Peak Road bridge to 2.7 feet at FIS cross-section Al. The large changes in water surface

elevations are due to the extensive channel modifications that have taken place since the FIS

study was completed.

Effective model cross-sections 11.20, 11.30, and 11.40 are located in the reach immediately
downstream of Interstate 17 that was channelized by the U.S. Army Corps of Engineers. These
levees were already in place when the effective FIS study was done. The results of the revised
model at these cross-sections closely approximate the effective study results. The 1.0 foot
difference at cross-section 11.40 is due to the use of updated mapping in the revised model. The

average channel bottom elevation is about one foot higher in the revised model than it was in the

effective model.

There has been extensive grading and channelization of the reach from the Corps’ levees
downstream to Happy Valley Road (FIS cross-sections AO — AR), resulting in water surface
elevation increases up to 2.5 feet. The width of the revised 100-year floodplain is approximately
one-third of its previous width. Also, a new levee around the Skunk Creek Landfill on the west

bank has pushed the confluence with Buchanan Wash approximately 1400 feet upstream of its

historical location.

Happy Valley Road crosses Skunk Creek at-grade, which requires a break in the levee system.
The revised model contains four cross-sections at Happy Valley Road in order to more

accurately model the channel transition. In comparison, the effective FIS model uses a single
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cross-section at Happy Valley Road (cross-section 10.30), which is oriented such that it crosses
over two of the revised model cross-sections (10.34 and 10.38). The water surface elevation at

revised cross-section 10.34 is equal to the water surface elevation at effective FIS cross-section

10:30.

At the time that the effective FIS study was completed, there were already levees containing the
flow through the Skunk Creek Landfill reach downstream of Happy Valley Road (FIS cross-
sections AJ - AN). However, the channel bottom was left in a more natural state and was not
completely graded as it is at present. The grading project evened out the channel bottom,
altering the cross-section geometry, which in turn causes changes, both positive and negative, in
water surface elevations. However, the elevation changes alter the floodplain boundary very

little, because the flow is still contained between the levees.

The largest difference in water surface elevation is -8.0 feet, which occurs at effective FIS cross-
section 9.115. This cross-section is immediately downstream of the drop structure north of
Pinnacle Peak Road. Skunk Creek has been channelized, and the channel bed lowered, from this
point to the downstream end of the study reach. The effective model for FIS cross-sections AG
and AH, from the 1998 LOMR, does incorporate the new channel geometry. Differences in
water surface elevation through this reach are attributed to variations in mapping, which are
apparent when effective model cross-sections 8.75 through 9.05 are compared with the revised
model cross-sections. The minimum channel elevation varies up to 3.2 feet. However, the
elevation changes alter the width of the floodplain very little, because the flow is still contained
within the channel. Revisions to the floodplain boundary south of Pinnacle Peak Road are due to

breakout flooding on the left overbank, which is analyzed in a separate report prepared by Coe &

Van Loo Consultants, Inc.

5.8.2 Verification of Results

It is difficult to compare the results of the revised HEC-2 model with the effective HEC-2 model
due to the multiple construction projects that have altered the topography of the Skunk Creek
channel corridor. There are no gaging stations within the study reach. No historical flow data

were available, therefore, no attempt was made to verify the results of the hydraulic modeling.

Skunk Creek LOMR 38 Tetra Tech Inc.







SECTION 6: EROSION AND SEDIMENT TRANSPORT

An erosion and sediment transport analysis was not conducted for the Skunk Creek Letter of
Map Revision (LOMR) request. A scour analysis was conducted for the design of the Skunk
Creek levees to determine the toe-down depth used for the soil cement armor protection (10
feet). A copy of this scour analysis is provided in Appendix E. These levees were constructed to
protect the Skunk Creek Landfill. The area behind the levees has been filled to an elevation

above the original top-of-levee. As a result, the soil cement levees have effectively become soil

cement bank protection.
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SECTION 7: DRAFT FIS REPORT DATA

“.,..

7.1 SUMMARY OF DISCHARGES
The effective 100-year peak discharge is 39,000 cfs through the study reach.
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7.2 FLOODWAY DATA

TABLE 7-1: Floodway Data Table

)

__ FLOODING SOURCE R SURFACE ELEVATION
Cross With Without
Section Distance ' Width (ft) [Section Area (ft?)| Velocity (ft*/s) |Floodway (ft)| Floodway (ft) | Difference (ft)
AG 8.79 896 4,679 8.3 1378.8 1378.8 0.0
AH 9.08 350 3,568 10.9 13854 1385.4 0.0
Al 9.35 630 4,373 9.4 1402.1 1402.1 0.0
AJ 9.54 491 3,970 9.8 1408.1 1408.1 0.0
AK 9.73 523 4,241 9.2 1412.8 1412.8 0.0
AL 9.89 383 3,255 12.0 1416.9 1416.9 0.0
AM 10.08 407 3,197 12.2 1421.6 1421.6 0.0
AN 10.25 486 3,021 12.9 1426.7 1426.7 0.0
AO 10.42 475 3,627 11.1 1436.4 1436.4 0.0
AP 10.62 422 3,143 12.4 1441.8 1441.8 0.0
AQ 10.83 486 3,476 11.2 1450.4 1450.4 0.0
AR 11.03 506 4,114 9.5 1455.6 1455.6 0.0
' Distance upstream of New River confluence (miles)
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‘% 7.3  ANNOTATED FIRM MAP

An Annotated Firm Map in FEMA format is in Figure 7-1.

Skunk Creek LOMR . 4?2 Tetra Tech Inc.
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7.4  FLOOD PROFILES

The proposed flood profile for Skunk Creek is provided on Figure 7-2 in FEMA format.
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Il. . SKUNK CREEK LOMR EXTENSION

SKUNK CREEK LANDFILL PLAN MODIFICATION AND UPDATE
CONTRACT NO. SA-930222

CHANGE ORDER REQUEST

1. INTRODUCTION

The City of Phoenix has requested that Tetra Tech/Simons, Li & Associates, Inc. (TT/SLA) prepare
the following scopes of work and cost proposals for additional work under the above contract. The
additional work includes: 1) adding two reaches of the Skunk Creek channel to the Letter of Map
Revision (LOMR) request being prepared under the current scope; and 2) preparing a separate
LOMR request for Buchanan Wash.

The additional reaches of Skunk Creek include approximately 2700 feet of channel from the
confluence with Buchanan Wash, upstream to Interstate Highway 17, and approximately 2700 feet
channel from Pinnacle Peak Road, downstream to the Adobe Dam reservoir. These reaches .
include the existing Corps of Englneers levee system and additional channelization of Skunk

Creek, respectively.

The separate LOMR for Buchanan Wash extends from its confluence with Skunk Creek,
approximately 9800 feet (1.85 mi.) upstream to the Central Arizona Project (CAP) Canal, and
includes the existing Skunk Creek Landfill levee and the Kaufman & Broad, Hlllorest Subdivision,
which is about to be constructed.

It is understood that the existing FIS hydrology for Skunk Creek and Buchanan Wash will be used

" to prepare the LOMR requests. Itis also understood that the topographic mapping, survey control,

field survey information, and ‘the levee stabmty analyses, required to prepare the
floodplain/floodway delineations and the LOMR requests, will be provided to TT/SLA. As a
minimum, the topographic mapping prepared for this additional work should extend 200 feet
beyond the lateral limits of FEMA's currently effective floodplain boundaries.

Since the LOMR requests will be prepared as two independent documents, the tasks required to
accomplish the work and the fee proposals are presented separately below.

Description of Services

Task 1: Coordination

This task includes attending meetings, conducting telephone conferences, and preparing
correspondence on behalf of the City to the Flood Control District of Maricopa County, the Federal
Emergency Management Agency (FEMA), and their Technical Evaluation Consultant (Michael
Baker, Jr., Inc.), as required, to gain approval of the Letter of Map Revision (LOMR) request. This
task also. includes responding to general review comments from the City and FEMA, or their
consultant, regarding the LOMR analyses, mapping, and documentation.

Task 2: Data Collection and Review

This task includes the collection and detailed review of data required to prepare the LOMR request.
This data will include the as-built plans for the levee designed and constructed by the US Army
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Corps of Engineers, upstream of the landfill levees; the Corps levee design report, the sediment
transport/scour analyses, and any interior drainage analysis; and the Corps levee stability analyses
or certification of stability. Available compaction certificates from the Corps levee construction will
also be sought. As-built plans will also be collected, along with the design report information, for
the existing channelization downstream of Pinnacle Peak Road. This task also includes a site visit
to verify existing conditions and document field conditions W|th photographs for model development
and LOMR support.

Task 3: Extend Existing Conditions Model

Using the topographic mapping provided, the existing conditions HEC-2 model for the landfill reach
will be extended, upstream of the Buchanan Wash confluence to Interstate Highway 17, and
downstream of the Pinnacle Peak Road to the Adobe Dam reservoir. This model will define the
hydraulic impacts of the Corps’ levee system and the channelization downstream of Pinnacle Peak
Road. The water-surface elevations resulting from this model will be compared to the effective
100-year flood profile to quantify the impact of the Corps’ levee system and the channelization
downstream of Pinnacle Peak Road on the effective floodplain/floodway upstream, downstream,
and within the extension limits. This model will also be used to demonstrate to FEMA that the
required amount of freeboard is provided by the existing Corps levee system.

Task 4: Prepare Split-flow Model

Due to the channelization and construction of the Pinnacle Peak Road Bridge over Skunk Creek,
a split-flow condition occurs east of the bridge during the 100-year event. The split-flow overtops
Pinnacle Peak Road and re-enters the channel at some point downstream. A separate HEC-2
model will be developed, using both available mapping and the new mapping provided, to define
the path, water-surface profile, floodplain limit of the split flow. :

‘ 'Task 5: Extend Revised FIoodeamIFIoodway Mapping

Using the topographic mapplng prowded the revised floodplain/floodway mapping and 100-year

~ flood profile will be extended to include the exxstmg Corps levee system and the channelization

downstream of Pinnacle Peak Road. The mapping and profile will identify the resulting 100-year
water-surface elevatlons upstream downstream, and within the extended projectareas, as required
by FEMA.

Task 6: Revise LOMR Request Documentation

The LOMR request document being prepared for Skunk Creek, in accordance with Arizona
Department of Water Resources State Standards Attachment 1-97, will be revised to include the
Corps levee system upstream and the channelization downstream of the current project limits. The
text, drawings, exhibits, tables, and documentation in the Technical Data Notebook (TDN) will be
modified to summarize the hydraulic impacts of the existing levee system and channelization. The
FEMA forms will be modified accordingly. One (1) draft copy of the TDN, including modifications,
the appropriate input/output computer files, and the revised floodplain/floodway mapping, will be
submitted to the City of Phoenix for review and approval. Three (3) copies of the final TDN will be
submitted to the City. The City of Phoenix will submit the final TDN to FEMA, as required, and be
responsible for all fees required by the reviewing agencies.
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Fee Proposal

SKUNK CREEK LANDFILL MODIFICATIONS & UPDATE

CHANGE ORDER REQUEST - SKUNK CREEK LOMR EXTENSION

STAFF HOUR ESTIMATE BY TASK

Project Project Engineer

Task ' Manager Enqgineer Designer  Drafter - Clerical mb
1. Coordination | .4 _ 2 6
2. DataCollection & Review 2 8 - 8 2 20
3. Extend Existing Model 4 12 20 36
4. Prepare Split-quw Model 4 24 16 4 ‘ 48
A 5 Extend Floodplain Mapping 2 8 24 24 58
(’ 6. Expand LOMR Document | 4 24 12 8 8 56
| Total Hours 20 76 80 38 10 224
COST ESTIMATE
20 Project Managér Hours @ $40.00/hour = .- $800.00
76 Engineer Hours @ $32.5b/hour : $2,470.00
s ‘_Désign_er Hours @ $27.00Mhour : $2,160.00
38 - Drafter Hours @ $23.00/our . $874.00
10 Clerical Hours @ $13.50/hour :  $135.00

Total Direct Labor: $ 6,439.00

Overhead @160%: $10,302.40

Subtotal: $16,741.40
Profit @10% $ 1.674.14

Total:  $18,415.54










ELEVATION REFERENCE MARKS

State Plane Coordinates
Arizona Central - NADS83
Northing Easting Elevation oo
(Int. Feet] | [Int.Feet] |[NGVD29]| LYP Pramg Description
Found brass cap in handhole at
981636.31 433844.66 1392.12 City ERM #1 intersection of 35™ Avenue and
Pinnacle Peak Road.
Found brass cap in handhole at
986915.82 433818.21 1422.55 City ERM #2 intersection of 35™ Avenue and
Happy Valley Road.
99086433 | 437624.80 | 1460.07 | City ERM e - | OB cep D ehcon
Found US Dept of the Interior BC
996816.7 631562.7 1500.60 | FEMA RM517 along CAP Canal stamped Point
@ 445 Station 402+67.37 125' Right.
‘ Found stone at the SE corner of
991515.6 633855.0 1555.08 | FEMA RMS519 Sec 34 TSN R2E.
Found US Dept of the Interior BC
996480.99 430163.65 1502.21 FEMA RMS525 along CAP Canal stamped Point
#43, Station 386+00, 125’ Right.
Found US Dept of the Interior BC
996877.09 431783.43 1500.11 FEMA RM526 along CAP Canal stamped Point
#44, Station 402+67.37, 125” Right
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MORRISON |
BVAERLE e MEMO

Phone - 602-244-9662  Fax - 602-244-9472  E-Mail - jspring@m-m.net

DATE: 10/16/01 : Fax # --
TO: BartB.
FROM: Jim Spring

SUBJECT: Survey Records

Bart:
Please find attached the survey notes for the work preformed on the Buchanan Wash

Survey. All work was preformed by gps/rtk, control was tied to work that we have done
on the Skunk Creek landfill project. Ties were made to monuments that you had
requested put the data is related to Skunk Creek and not to any control established by

‘ the flood control.
@ If we can be of any more assistance or if you need further data please let me know.

Jim Spring, PLS
Vice President Survey Operations
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116,992058.1603330725,437525
117,992053.5029758924,437528
118,992031.0095865517,437545

1119,992008.7845942036,437561

7510622522,1460.
8530608821,1460.
0588247624 ,1442.

.4894901547,1443.
.6025248082,1444.

6466326427,1449.

.9467696527,1450.
.4457098825,1449.

6487992101, 1450.
0426351845,1450.
0946896657, 1451.
6078724991,1452.
9604308729,1453.

7726421283 ,1456.
0105017098, 1472.
.7982756807,1472

.6225731479,1472.

.4654125537,1472
.9247718651,1454

.2307727767,1454.

.7939703190,1454

.2122619058,1454.
.7670491209,1454.
.6563605859,1454.

.6694964265,1453

.7495371650,1452.
.4177912985,1453.
.8022709491,1454.
.6915284253,1454.
.1391487535,1471.
.8232347696,1471.
.5324529950,1472.
.7584131357,1472.
.8404405314,1462.
.5453143998,14¢61.

C rert 24

7022765020,GB
5559235986, TOP1
2539633848, TOE
4584863147,GB1
2636561972 ,GB2
3157299889, GB3
1075584925, FN
6271539741,GB4
2448974279 ,EG
4715393718, EG
2698080995, EG
6711859617 ,EG
9336894556, EG
0945331754 ,EG
4737466682, EG
8878887743, TOP
.7644252249,ER
5245540934 ,ER1
.5878721414,TOP1
.4131543150, TOE
3821077800, EG
.5450975658, EG
2431582075, EG
6777351541,EG
7502369640,EG
.9374402689,EG
9529321656,EG
8737954046 ,EG
1931675443 ,EG-
1536983920, TOE1
6017641993, TOP2
6918070260, ER2
1657556000, ER3
1531091882, TOP4
3182705697, TOE3
4580126202, EG




12.071666467 ,HT1325.6460
N20:45:31.84,Set PBase receiver position, Base Pt: 15
BP, RN15,1.A33.423260101,LN-112.071666467,HT1325.6460
--20:%5:38.87,S0lve for local Horizontal transformpdtion, RMS N: 0.1779,
RMS E: Q.0518
HC,PN5,LAS3.432007288,LN-112.075340762,HT1354 ~4350,--H,V
HC,PN7,LA33¢423402660,LN-112.072301546,HT1328.3190,--H,V
HC,PN12,LA33.4R4918164,LN-112.072196390,H¥1331.9610,--H,V
HC,PN13,LA33.425257416,LN-112.0733525004/HT1335.2570, --H
HC,PN16,LA33.424694926,LN-112.080623806,HT1320.0675,--H,V
HC,PN17,LA33.424638483%,LN-112.075816517,HT1324.2983,--H,V
HC,PN4,LA33.432608488,LN112.072}27492,HT1357.0590, --H
HC,PN24,LA33.442077146,LN-112.085199078 ,HT1397.2019,--H,V
--20:45:42.06,S0lve for loca)XVertical transformation, RMS ELV: 0.0006
VC,PN5,LA33.432007288,LN-1 .073340762,HT1354.4350,--H,V
VC,PN7,LA33.423402660,LN112.07230%546,HT1328.3190,--H,V
VC,PN12,LA33.424918164 /N-112.07219639Q0,HT1331.9610,--H,V
VC,PN16,LA33.424694226,LN-112.080623806{T1320.0675,--H,V
VC,PN17,LA33.424638482,LN-112.075816517 ,HT$324.2983,--H,V
VC,PN24,LA33.442(/77146,LN-112.085199078,HT13>.2019,--H,V
LH,PNlS,Ha3.28|:30488,Hb0.006818573,Hc109238.0-a721569,Hd658055.97919059

'4,SC1.0000012%93,RT0.070868

LV,PN15,Va(s000303868,Vb0.000150464,Vc57.370267624,Ba33.423260101, Bo-
112.071666467,Bh1325.6460

--Set BXZSE : record intrvl: OFF, elev cutoff: 8 deg, antela ht: 6.680
--00:80:57.26,Set Base receiver position, Base Pt: 15

BP , PN15,LA33.423260101,LN-112.071666467  HT1325. 6460

-/Se BAS = gcord intrvl: OFF, elev cutoff: 8 deg, antenna ht: 6.680

4£-00:55:00.36,Set Base receiver position, Base Pt: 15

BP,PN15,LA33.423260101,LN-112.071666467 ,HT1325.6460 :

--Set ROVER: record intrvl: OFF, elev cutoff: 8 deg, antenna ht: 6.980
--Send Base position to Rover:LA33.423260101,LN-

112.071666467 ,HT1325.6460

--00:55:29.25,Set Base receiver position, Base Pt: 15
BP,PN15,LA33.423260101,LN-112.071666467 ,HT1325.6460
--00:55:36.17,S0olve for local Horizontal transformation, RMS N: 0.1779,
RMS E: 0.0518

HC,PNS,LA33.432007288,LN—112.075340762,HT1354.4350,—4H,V
HC,PN7,LA33.423402660,LN-112.072301546,HT1328.3190,--H,V
HC,PN12,LA33.424918164,LN-112.072196390,HT1331.9610,--H,V
HC,PN13,LA33.425257416,LN-112.073352500,HT1335.2570,--H
HC,PN16,LA33.424694226,1LN-112.080623806,HT1320.0675,--H,V
HC,PN17,LA33.424638482,1LN-112.075816517,HT1324.2983,--H,V
HC,PN4,LA33.432608488,LN-112.072127492,HT1357.0590,--H
HC,PN24,LA33.442077146,1LN-112.085199078,HT1397.2019,--H,V
--00:55:39.36,S0olve for local Vertical transformation, RMS ELV: 0.0006
VC,PN5,LA33.432007288,LN-112.075340762,HT1354.4350,--H,V
VC,PN7,LA33.423402660,LN-112.072301546,HT1328.31590,--H,V
VC,PN12,LA33.424918164,LN—112.072196390,HT1331.9610,——H,V
VC,PN16,LA33.424694226,LN-112.080623806,HT1320.0675,--H,V
VC,PN17,LA33.424638482,LN-112.075816517,HT1324.2983,--H,V
PN24,LA33.442077146,LN-112.085199078,HT1397.2019,--H,V
,Ha3.280830488,Hb0.006818573,HC109238.064721569,Hd658055.97919059

00001293 ,RT0.070868
‘Va0.000303868,Vb0.000150464,VCS7.370267624,Ba33.423260101,Bo—

-166467,Bh1325.6460
OVER: record intrvl: OFF, elev cutoff: 8 deg, antenna ht: 5.210

PR 7,.,,/[):-/'"*#/{,.

A



@

(@

- --Check control point: 18, N err: -0.362, E err: -1.041, Elv err:

--Send Base position to Rover:LA33.423260101,LN-

112.071666467 ,HT1325.6460

--01:44:41.49,Set Base receiver position, Base Pt: 15
BP,PN15,LA33,423260101,LN—112.071666467,HT1325.6460

--01:44:49.18,Solve for local Horizontal transformation, RMS N: 0.1779,
RMS E: 0.0518

HC,PNS,LA33.432007288,LN-112.075340762,HT1354.4350,—-H,V
HC,PN7,LA33.423402660,LN—112.072301546,HT1328.3190,—-H,V
HC,PN12,LA33.424918164,LN-112.072196390,HT1331.9610,——H,V
HC,PNlB,LA33.425257416,LN-112.073352500,HT1335.2570,—-H
HC,PN16,LA33.424694226,LN-112.080623806,HT1320.0675,-—H,V
HC,PN17,LA33.424638482,LN-112.075816517,HT1324.2983,—-H,V
HC,PN4,LA33.432608488,LN-112.072127492,HT1357.0590,-—H
HC,PN24,LA33.442077146,LN—112.085199078,HT1397.2019,-—H,V
--01:44:52.37,80lve for local Vertical transformation, RMS ELV: 0.0006
VC,PNS,LA33.432007288,LN-112.07S340762,HT1354.4350,——H,V
VC,PN7,LA33.423402660,LN-112.072301546,HT1328.3190,——H,V
VC,PN12,LA33.424918164,LN-112.072196390,HT1331.9610,—-H,V
VC,PN16,LA33.424694226,LN—112.080623806,HT1320.0675,-—H,V
VC,PN17,LA33.424638482,LN-112.075816517,HT1324.2983,--H,V
VC,PN24,LA33.442077146,LN-112. 085199078 ,HT1397.2019,--H,V
LH,PN15,Ha3.280830488, Hb0.006818573,Hc109238.064721569, Hd658055.97919059
4,5C0.999999292,RT0.070868

LV,PN15,Va0.000303868, Vbo. 000150464,Vc57.370267624,Ba33.423260101,Bo—
112.071666467,Bh1325.6460

~-Check control point: 18, N err: -0.338, E err:
EP,TM19: 1:13.00,LA33.431912681,LN-
112.073150393,HT1349.1775,RH0.0087,RV0.0139,DH1.10,DV1.59

-1.037, Elv err: -0.185

-0.148

EP,TM19: 1:30.00,LA33.431912657,LN- y
112. 073150399 HT1349.2148,RH0.0211,RV0.0305,DHL. 10,DV1.59
--19:54:09.26,S0lve for local Horizontal transformation, RMS N: 0.1779,
RMS E: 0.0518

HC, PN5,LA33.432007288,LN-112. 075340762 ,HT1354.4350, ——H,V
HC,PN7,LA33.423402660,LN-112. 072301546 ,HT1328.3190,--H,V
HC,PN12,LA33.424918164,LN—112.072196390,HT1331.9610,——H,V
HC,PN13,LA33.425257416,LN-112.073352500,HT1335.2570,——H
HC,PN16,LA33.424694226,LN—112.080623806,HT1320.0675,-—H,V i
HC,PN17,LA33.424638482,LN-112.075816517,HT1324.2983,-—H,V
HC,PN4,LA33.432608488,LN—112.072127492,HT1357.0590,—-H
HC,PN24,LA33.442077146,LN—112.085199078,HT1397.2019,--H,V
--19:54:12.39,Solve for local Vertical transformation, RMS ELV: 0.0006
VC,PNS,LA33.432007288,LN—112.075340762,HT1354.4350,——H,V
VC,PN7,LA33.423402660,LN-112.072301546,HT1328.3190,-—H,V

_VC,PN12,LA33.424918164,LN—112.072196390,HT1331.9610,——H,V

VC,PN16,LA33.424694226,LN—112.080623806,HT1320.0675,——H,V
VC,PN17,LA33.424638482,LN—112.075816517,HT1324.2983,——H,V
VC,PN24,LA33.442077146,LN-112.085199078,HT1397.2019,——H,V
LH,PNlS,HaB.280830488,Hb0.006818573,HC109238.064721569,Hd658055.97919059

\
\
4,58C0.999999292,RT0.070868 |
LV,PN15,Va0.000303868,Vb0.000150464;VC57.370267624,Ba33.423260101,Bo- ‘

|

112.071666467,Bh1325.6460
--Set BASE : record intrvl: OFF, elev cutoff: 8 deg, antenna ht: 6.680

--23:35:03.16,Set Base receiver position, Base Pt: 15

_BP,PNlS,LA33.423260101,LN—112.071666467,HT1325.6460

--Set ROVER: record intrvl: OFF, elev cutoff: 8 deg, antenna ht: 6.980
--Send Base position to Rover:LA33.423260101,LN-

o/ 9




112.071666467 ,HT1325.6460

--23:35:23.65,Set Base receiver position, Base Pt: 15
BP,PN15,LA33.423260101,LN-112.071666467,HT1325.6460
--23:35:34.86,S0lve for local Horizontal transformation, RMS N: 0.1779,
RMS E: 0.0518
HC,PNS,LA33.432007288,LN—112.075340762,HT1354.4350,——H,V
HC,PN7,LA33.423402660,LN-112.072301546,HT1328.3190,--H,V
HC,PN12,LA33.424918164,LN—112.072196390,HT1331.9610,--H,V
HC,PN13,LA33.425257416,LN-112.073352500,HT1335.2570, --H
HC,PN16,LA33.424694226,LN—112.080623806,HT1320.0675,-—H,V
HC,PN17,LA33.424638482,LN—112.075816517,HT1324.2983,——H,V
HC,PN4,LA33.432608488,LN-112.072127492,HT1357.0590,——H
HC,PN24,LA33.442077146,LN-112.085199078,HT1397.2019,-—H,V
--23:35:38.04,S0lve for local Vertical transformation, RMS ELV: 0.0006
VC,PNS,LA33.432007288,LN—112.075340762,HT1354.4350,——H,V
VC,PN7,LA33.423402660,LN-112.072301546,HT1328.3190,--H,V
VC,PN12,LA33.424918164,LN-112.072196390,HT1331.9610,--H,V
VC,PNlG,LABB.424694226,LN—112.080623806,HT1320.0675,——H,V
VC,PN17,LA33.424638482,LN-112.075816517,HT1324.2983,--H,V
VC,PN24,LA33.442077146,LN-112.085199078,HT1397.2019,--H,V
LH,PNlS,Ha3.280830488,Hb0.006818573,Hc109238.064721569,Hd658055.97919059
4,5C1.000001293,RT0.070868
LV,PNlS,Va0.000303868,Vb0.000150464,VC57.370267624,Ba33.423260101,Bo—
112.071666467,Bh1325.6460

EP,TM16:57:30.00,LA33.410244717,LN-

112.073395442 ,HT1274.0223,RH0.0198,RV0.0280,DH1.04,DV1.47
GS,PN30,N 976347.20641,E 436522.97003,EL1376.273,--BCHH 31&DV
EP,TM17:16:20.00,LA33.415471387,LN-
112.080578691,HT1289.8735,RH0.0201,RV0.0237,DH1;00,DV1.17
GS,PN31,N 981636.31153,E 433844.65795,EL1392.117,--BCHH 35&PINPEAK
EP,TM17:19;2.00,LA33.415444179,LN—
112.083715816,HT1286.7052,RH0.0144,RV0.0172,DH1.14,DV1.31
GS,PN32,N 981614.77784,E 431194.02848,EL1388.702,--BC 36&PINPEAK
EP,TM18: 5:18.00,LA33.435818826,LN- " s
112.083118123,HT1374.3198,RH0.0287,RV0.0494,DH1.44,DV2.48
GS,PN50,N 994122 .35316,E 431727.51496,EL1476.937, --HDWL

EP,TM18: 5:51.00,LA33.435827132,LN-
112.083126500,HT1376.2583,RH0.0220,RV0.0391,DH1.44,DV2.48
GS,PN51,N 994130.76566,E 431720.45880,EL1478.875, --HDWL

EP,TM18: 6:8.00,LA33.435827690,LN-
112.083126886,HT1376.7662,RH0.0252,RV0.0436,DH1.43,DV2.48
GS,PN52,N 994131.33027,E 431720.13439,EL1479.383, --HDWL

EP,TM18: 6:37.00,LA33.435827354,LN-
112.083172326,HT1376.9541,RH0.0239,RV0.0414,DH1.43,DV2.48
GS,PN53,N 994131.07826,E 431681.75614,EL1479.568, --HDWL

EP,TM18: 6:56.00,LA33.435826546,LN-
112.083172172,HT1376.4376,RH0.0267,RV0.0463,DH1.43,DV2.48
GS,PN54,N 994130.26092,E 431681.88425,EL1479.051, --HDWL

EP,TM18: 7:16.00,LA33.435817207,LN-
112.083172215,HT1374.2884,RH0.0267,RV0.0463,DH1.43,DV2.48
GS,PN55,N 994120.82062,E 431681.82634,EL1476.901,--HDWL

EP,TM18: 8:3.00,LA33.435826533,LN-
112.083161693,HT1372.6218,RH0.0285,RV0.0495,DH1.43,DV2 .48
GS,PN56,N 994130.22776,E 431690.73510,EL1475.236,——INV

EP,TM18: 8:24.00,LA33.435826849,LN-
112.083137323,HT1372.6627,RH0.0307,RV0.0535,DH1.42,DV2.48
GS,PN57,N 994130.50020,E 431711.31759,EL1475.279, --INV



EP,TMlB:20:35.00,LA33.435862435,LN—
112.083138497,HT1374.2722,RH0.0262,RV0.0427,DH1.13,DV1.79
GS,PN58,N 994166.47446,E 431710.40837,EL1476.890, --HDWL
EP,TM18:21:59.00,LA33. 435853860, LN~
112.083138780,HT1376.4576,RH0.0243,RVO. O}Sl PHL.13,DV1.81
GS,PN59,N 994157.80748,E 431710.14892, EL1479 075, --HDWL
EP,TM18:22:17.00,LA33.435853247, LN-
112.083138567,HT1376.8467,RH0.0243,RV0.0392,DH1.13,DV1.82
GS,PN60,N 994157.18700,E 431710.32763,EL1479.464, --HDWL
EP,TM18:22:51.00,LA33.435852598,LN-
112'083183679,HT1377.1185,RH0.0226,RV0.0365,DH1.13,DV1.83
GS,PN61,N 994156.61749,E 431672.22592,EL1479.732, --HDWL
EP,TM18:23:6.00,LA33.435852845,LN-
112.083183944,HT1376.6178,RH0.0292,RV0.0446,DH1.10,DV1.62
GS,PN62,N 994156.86750,E 431672.00291,EL1479.232, --HDWL
EP,TM18:23:51.00,LA33.435860288,LN-
112.083191795,HT1374.9183,RH0.0219,RV0.0327,DH1.10,DV1.64
GS,PN63,N 994164.40672,E 431665.38933,EL1477.532, --HDWL
EP,TM18:27:17.00,LA33.435853586,LN-
112.083172624,HT1372.8630,RH0.0176,RV0.0271,DH1.10,DV1.70
GS,PN64,N 994157.59471,E 431681.56478,EL1475.478,--INV
EP,TMIB:27148.00,LA33.435853990,LN—
112.083149585,HT1372.8213,RH0.0249,RV0.0357,DH1.25,DV1.79
GS,PN65,N 994157.95962 ,E 431701.02400,EL1475.438, --INV
EP,TM18:28:29.00,LA33.435866053,LN—
112.083175545,HT1372.8977,RH0.0157,RV0.0238, DH1.10,DV1.72
GS,PN66,N 994170.20329,E 4316795. 12708,EL1475.513, --FD REBAR
EP,TM19:59:26.00,LA33.415655634,LN-

112. 080925401 HT1288.1588,RH0.0166,RV0.0283,DH0.92, DV1.56
GS,PN70,N 981823. 20347,E 433552. 13448, EL1390 384, --EG :
--Set ROVER: record intrvl: OFF elev cutoff: 8 deg, antenna ht: 6.980
--Send Base position to Rover:LA33.423260101,LN-

112.071666467 ,HT1325.6460

~_-02:47:45.09,Set Base receiver position, Base Pt: 15
BP,PN15,LA33.423260101,LN-112. 071666467 ,HT1325.6460
--02:47:52.18,S0lve for local Horizontal transformation, RMS N: 0.1779,
RMS E: 0.0518
HC,PNS,LA33.432007288,LN-112.075340762,HT1354.4350,--H,V
HC,PN7,LA33.423402660,LN—112.072301546,HT1328.3190,——H,V
HC,PN12,LA33.424918164,LN—112.072196390,HT1331.9610,—-H,V
HC,PN13,LA33.425257416,LN—112.073352500,HT1335.2570,-—H
HC,PN16,LA33.424694226,LN-112.080623806,HT1320.0675,——H,V
HC,PN17,LA33.424638482,LN-112. 075816517 ,HT1324.2983,--H,V
HC,PN4,LA33.432608488,LN-112. 072127492 ,HT1357.0590,--H
HC,PN24,LA33.442077146,LN-112. 085199078 ,HT1397. 2019,--H,V
--02:47:55.36,S0lve for local Vertical transformation, RMS ELV: 0.0006
VC,PNS,LA33.432007288,LN—112.075340762,HT1354.4350,——H,V
VC,PN7,LA33.423402660,LN—112.072301546,HT1328.3190,——H,V
VC,PN12,LA33.424918164,LN-112.072196390,HT1331.9610,——H,V
VC,PN16,LA33.424694226,LN-112.080623806,HT1320.0675,——H,V
VC,PN17,LA33.424638482,LN—112.075816517,HT1324.2983,——H,V
VC,PN24,LA33.442077146,LN—112.085199078,HT1397.2019,—»H,V
LH,PNlS,Ha3.280830488,Hb0.006818573,Hclo9238.064721569,Hd658055.97919059
4,58C1.000001293,RT0.070868 '
LV,PNlS,Va0.000303868,Vb0.000150464,Vc57.370267624,Ba33.423260101,Bo—
112.071666467,Bh1325.6460

EP,TM20: 1:20.00,LA33.415614285,LN-
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112.080935612,HT1287.5726,RH0.0167,RV0.0279,DH0.92,DV1.54
GS,PN70,N 981781.42512,E 433543.41463,EL1389.795, --EG
EP,TM20: 2:6.00,LA33.415615773,LN-
112.080947599,HT1287.2532,RH0.0157,RV0.0258,DH0.92,DV1.53
GS,PN71,N 981782.95242,E 433533.28988,EL1385.474,--TOP
EP,TM20: 4:28.00,LA33.415619561,LN-
112.080985197,HT1271.4169,RH0.0183,RV0.0299,DH0.92,DV1.50
GS,PN72,N 981786.85183,E 433501.53174,EL1373.635,--TOE
EP,TM20: 4:52.00,LA33.415620694,LN-
112.080992064,HT1270.9420,RH0.0167,RV0.0272,DH0.92,DV1.49
GS,PN73,N 981788.00975,E 433495.73248,EL1373.160, --EG
EP,TM20: 5:7.00,LA33.415621811,LN-
112.080997996,HT1272.7074,RH0.0204,RV0.0333,DH0.92,DV1.49
GS,PN74,N 981789.14992,E 433490.72370,EL1374.925,--EG
EP,TM20: 5:29.00,LA33.415624752,LN-
112.081040792,HT1271.4659,RH0.0205,RV0.0332,DH0.92,DV1.49
GS,PN75,N 981792.20332,E 433454.57158,EL1373.680, --EG
EP,TM20: 5:57.00,LA33.415647441,LN-
112.081120496,HT1272.0275,RH0.0183,RV0.0296,DH0.92,DV1.48
GS,PN76,N 981815.28721,E 433387.28105,EL1374.237,--EG
EP,TM20: 6:22.00,LA33.415662004,LN-
112.081188971,HT1271.8621,RH0.0184,RV0.0296,DH0.92,DV1.48
GS,PN77,N 981830.13735,E 433329.45889,EL1374.067, --EG
EP,TM20: 6:41.00,LA33.415670527,LN-
112.081242400,HT1272.4561,RH0.0205,RV0.0330,DH0.92,DV1.47
GS,PN78,N 981838.85258,E 433284.33620,EL1374.657,--EG
EP,TM20: 7:2.00,LA33.415674202,LN-
112.081274466,HT1272.3543,RH0.0168,RV0.0269,DH0.92,DV1.47
GS,PN79,N-981842.62850,E 433257.25178,EL1374.553, --TOE1
EP,TM20: 7:33.00,LA33.415679272,LN-
112.081309466,HT1287.1856,RH0.0156,RV0.0248,DHO.92,DV1.46
GS,PN80,N 981847.81864,E 433227.69243,EL1389.381,--TOP1
EP,TM20: 8:12.00,LA33.415680760,LN-
112.081323005,HT1287.3734,RH0.0124,RV0.0197,DH0.92,DV1.45
GS,PN81,N 981849.34813,E 433216.25625,EL1389.568, --EG
EP,TM20: 8:26.00,LA33.415683939,LN-
112.081342249,HT1289.6819,RH0.0184,RV0.0291,DH0.92,DV1.45
GS,PN82,N 981852.59813,E 433200.00445,EL1391.875,--EG

--Set BASE : record intrvl: OFF, elev cutoff: 8 deg, antenna
--Set BASE : record intrvl: OFF, elev cutoff: 8 deg, antenna
--Set BASE : record intrvl: OFF, elev cutoff: 8 deg, antenna
--21:04:25.67,Set Base receiver position, Base Pt: 15
BP,PN15,LA33.423260101,LN-112.071666467 ,HT1325.6460

--Set ROVER: record intrvl: OFF, elev cutoff: 8 deg, antenna
--Set ROVER: record intrvl: OFF, elev cutoff: 8 deg, antenna
--Set ROVER: record intrvl: OFF, elev cutoff: 8 deg, antenna
--Send Base position to Rover:LA33.423260101,LN-
112.071666467 ,HT1325.6460

--21:05:55.14,Set Base receiver position, Base Pt: 15
BP,PN15,LA33.423260101,LN-112.071666467,HT1325.6460

ht:
ht:
ht:

ht:
ht:
B

--21:06:02.17,S80lve for local Horizontal transformation, RMS N:

RMS E: 0.0518
HC,PN5,LA33.432007288,LN-112.075340762,HT1354.4350,--H,V

HC,PN7,LA33.423402660,LN-112.072301546,HT1328.3190,--H,V
HC,PN12,LA33.424918164,LN-112.072196390,HT1331.9610,--H,V
HC,PN13,LA33.425257416,LN-112.073352500,HT1335.2570,--H
HC,PN16,LA33.424694226,LN-112.080623806,HT1320.0675,--H,V

.
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A.l Data Collection Summary

Previous and applicable studies include:

e An effective FIS study prepared at an unknown date by an unknown contractor. Problems
obtaining documentation of the effective FIS study are documented in Section 5.7.1.

e Partial documentation of a LOMR prepared by Coe & Van Loo Consultants in 1998.
Problems with documentation of the LOMR study are documented in Section 5.7.1.

A.2  Referenced Documents
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