
~@CMX
May 8,2008

Mr. Kenneth N. Rakestraw
Hydrologist
Engineering Division
Flood Control District of Maricopa County
2801 W. Durango Street
Phoenix, Arizona 85009

MEMORANDUM

RE: Arizona Grand Resort - Guadalupe FRS Emergency Spillway Analysis
Revision of Hydraulic (HEC-RAS) Model and Storage Volume Comparison

Dear Mr. Rakestraw:

During a meeting held at the Flood Control District of Maricopa County (FCDMC) on April 15th, Greg Smith and
Jacob Priego (CMX) introduced the right-of-way permit application for a proposed golf hole realignment at the
Arizona Grand Resort. The proposed golf course modifications will alter the topography for portions of the
existing golf course located within a watershed easement maintained by the FCDMC, including terrain located
within the Guadalupe Flood Retarding Structure (FRS) reservoir area.

Near the conclusion of the April 15th meeting, it was noted that while the proposed elevation contours for the
golf course modifications would result in a net increase to the FRS storage capacity measured to the top of the
dam (1281.50 feet), there was a net decrease when assessing the storage capacity up to the emergency
spillway crest elevation (1,274 feet).

Following the meeting with FCDMC, CMX coordinated a revision to thE ~roposed elevation contours such that
the resulting storage capacity upstream of and below the spillway crest would be equal to or greater than the
existing-condition capacity. The purpose of this memorandum is to present revisions to the hydraulic analyses
that were previously prepared for the Guadalupe FRS Spillway Analysis Report (CMX, April 2008), included in
the original right-of-way permit packet. This memorandum and the revisions included herein serve as an
addendum to the original Guadalupe FRS Spillway Analysis Report prepared in April of this year by CMX. This
memorandum includes four attachments, which include the following information:

Attachment A.

Attachment B.

Attachment C.

Attachment D.

Revised Hydraulic Models (HEC-RAS) Output and HEC-RAS Exhibit (Figure 3).

Revised Storage Volume Comparison Calculations and Storage Volume Comparison
Exhibit (Figure 4).

Revised Grading Plan drawings GCOl (Golf Course Renovations (Hole #1)) and GC02
(Existing Golf Course (Hole #18)).

CD Containing Revised Digital Files.

During the April 15th meeting, Mr. Dan Lawrence (FCDMC) indicated that it would be desirable for CMX to
coordinate with the Hydrology and Hydraulics (H&H) Branch of the FCDMC to establish a tolerance between
proposed elevation contours submitted in conjunction with the proposed golf course modifications, and the as
built elevations that will be surveyed in the field following construction. During a phone conversation held April
29th between yourself, Amir Motamedi (FCDMC H&H Branch), Michael Weinberg (CMX), and myself, we agreed
that a reasonable tolerance of 0.5 feet was appropriate; that if elevation differences between the as-built and
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proposed conditions were less than or equal to this value, then new hydraulic and storage capacity analyses
would not be required. Otherwise, a new hydraulic model and storage volume comparison would be generated
based on the as-built information and submitted for approval.
Piease note that CMX has indicated to the landscape architect, who will be responsibie for in-field supervision
of the work performed by the contractor, that the proposed elevation contours signify finished grade
eievations, and that as-built elevations must match as near as possible the proposed elevation contours.

Lastly, during the meeting noted above, it was mentioned that the previous spillway report (Tetra Tech, 2002)
had included an analysis to determine any negative impacts on the spillway approach section due to potential
effects of momentum and super elevation caused by wave action generated by the proposed grading changes.
After discussing this issue with you over the phone, we appreciate your feedback that because the currently
proposed changes do not include any significant changes to the alignment of the spillway approach section, a
momentum/super elevation analysis will not be required for the permit review performed by FCDMC.

The following sections provide descriptions and results based on the revised hydraulic analyses performed
using the new proposed elevation contours.

HYDRAULIC MODEL (HEG-RAS)

As discussed above, an updated Proposed Conditions HEC-RAS model has been executed by CMX to
reflect the revised proposed elevation contours. Two cross-sections not present in the original model
have been added downstream of river station (RS) 1. These sections are labeled RS 0.9 and RS 0.8,
bringing the total number of cross-sections to fifteen (15). Each of the sections was re-extracted using
a digital surface representing the new proposed topography for the study area.

The results of the updated Proposed Conditions HEC-RAS model, as compared to the Base and
Existing Conditions models are presented in Table 1. The information presented in Table 1 below
represents an updated version of the information previously presented in Table 7-2 of the original
Spillway Analysis Report prepared by CMX in April of this year.
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TABLE 1
Water Surface Elevation (WSE) and Flow Velocity Comparisons (1)

Base Existing Proposed
HEG-RAS River Flow Flow Flow

Station WSE Vel WSE Vel WSE Vel
(fl/sec) (fl/sec) (fl/sec)

10 1,281.6 1.2 1,281.6 1.2 1,281.6 1.2

9 1,281.5 2.3 1,281.5 2.3 1,281.5 2.3

8 1,281.5 2.7 1,281.5 2.7 1,281.5 2.7

7 1,281.4 3.7 1,281.4 3.7 1,281.4 3.7

6,7 1,281.4 3.2 1,281.4 3.3

6.5 1,281.4 3.6 1,281.4 3.5

6 1,281 6,0 1,281 6.0 1,281 5,9

5 1,280.5 7,6 1,280.5 7,6 1,280,5 7,6

4 1,280 9.6 1,280 9.6 1,280 9.6

3 1,278.7 12.3 1,278.7 12.3 1,278.7 12.3

2 1,278 12.2 1,278 12,2 1,278 12.2

1.4 1,275.1 11.8 1,275.1 11.8

1 1,270.7 11.9 1,270.7 11.9 1,270.4 12.1

0,9 . 1,268.7 13.1 1,267.9 12.6

0.8 1,264.9 13.4 1,264.7 13.3

Note:
(1) WSE based on PMF Discharge = 11,545 cfs: Flow Vel is average channel velocity.

To provide a comparison of existing and proposed flow characteristics at the two additional cross
sections, RS 0,8 and RS 0,9, the Existing Conditions HEC-RAS model was also updated to include the
new sections. All other cross-sections and input parameters for the Existing Conditions model
remained the same as provided in the originai Spillway Analysis Report. Output from the revised
Existing Conditions HEC-RAS model is included within Attachment A.

STORAGE VOLUME COMPARISON

Based on the revised proposed elevation contours, an updated stage-storage relationship was
developed for the area located within the boundary of the planned grading modifications (i.e.
comparison boundary). This relationship was updated by finding the areas of each proposed contour
located within the comparison boundary, Where a contour intersected the comparison boundary line,
a polyline was drawn along the comparison boundary until meeting again with the contour at another
location within the comparison boundary, thus forming a closed polyline for the contour. The stage
storage relationship was then computed using the average-end-area method, where the incremental
volume between consecutive contours is computed as follows:

Where V;oc = incremental volume, fts.
Al, A2 = areas for consecutive contours, f12,
D = contour interval between consecutive contours, ft.
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Cumulative volumes for each contour interval were then computed by summing the incremental
volumes for the preceding contours, in this manner:

Veum n = Vine 1 + Vme 2 + Vme 3 + ... + Vine n

Where Vcum n = cumulative volume at elevation n,
Vme 1, Vme 2. Vine 3, ." = incremental volumes for consecutive elevation contours up to

and including elevation n.

The cumulative storage volumes for the proposed conditions were then compared to existing condition
values to determine the net increase or decrease in storage capacity at each contour interval.

A summary of the storage volume comparison based on average-end-area method is presented in
Table 2. Detailed storage volume comparison calculations are presented in Attachment B, which
represents a revised version of the calculations previously presented as Table C1 in the original
Spillway Analysis Report (CMX, Apr 2008),

TABLE 2
Summary of Storage Volume Comparison Calculations (1)

Elevation Cumulative Storage Volumes

(ft) Existing Proposed Proposed - Existing (2)

(ft') (ft') (ft')

1,266 0 0 0
1,267 4,443 2,548 1,894
1,268 12,375 10,166 2,209
1,269 22,855 22,616 239
1,270 37,152 38,867 -1,715
1,271 56,461 58,457 -1,996
1,272 80,881 81,844 -962
1,273 109,872 108,540 1,331
1,274 142,104 137,644 4,459
1,275 177,143 168,954 8,190
1,276 215,009 203,365 11,644
1,277 255,510 240,678 14,832
1,278 298,362 279,686 18,677
1,279 343,170 320,829 22,341
1,280 389,748 364,064 25,684
1,281 438,147 409,542 28,605
1,282 487,885 456,786 31,099

Notes:
(1) Based on average-end-area method
(2) Positive values represent net increase to storage capacity; negative values

represent net decrease.

Based on the results presented in Table 2, the proposed golf course grading modifications will cause a
net increase to the existing FRS storage capacity of approximately 4,459 cubic feet (165 cubic yards)
measured at the emergency spillway crest elevation (1,274 feet), and a net increase of approximately
29,852 cubic feet (1,106 cubic yards) measured at the top elevation of the FRS reservoir (1,281.5
feet), The latter estimate of net capacity increase at elevation 1,281.5 feet is based on the average
between the storage volumes presented in Table 2 at elevations 1,281 feet and 1,282 feet.
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The Storage Volume Comparison EXhibit. previously designated as Figure 4 in the Spillway Analysis
Report. has been updated based on the revised proposed elevation contours, and is included within
Attachment B. This figure shows the comparison boundary within which storage volume comparison
calculations were confined.

CONCLUSIONS

The results of the revised Proposed Conditions HEC-RAS model indicate that the proposed elevation
contours associated with the golf hole realignment project will not cause an increase to the water
surface elevation or flow velocity of storm water discharge passing over the emergency spillway during
the PMF storm event.

The results of the revised storage volume comparison indicate that the proposed golf course grading
modifications will yield a net increase to the existing FRS storage capacity measured at the emergency
spillway crest elevation. as well as a net increase to the overall storage capacity as evaluated at the
top elevation of the reservoir.

Based on communication that we have had with you and Amir Motamedi, representatives of the H&H
Branch of the FCDMC, CMX understands that 0.5 feet is an acceptable tolerance for the difference
between the proposed elevation contours presented within the revised grading plan, sheet GC02. and
the future as-built elevations that will be surveyed within the project limits. Following construction of
the planned golf course modifications, a new hydraulic analysis for the spillway and FRS storage
capacity need not be re-submitted, provided that the maximum difference between as-buiit elevations
and proposed elevations within the project work limits is less than 0.5 feet. Should the maximum
difference exceed the accepted tolerance. a new anaiysis shali be prepared to reflect as-built
conditions.

REFERENCES

Communication between CMX and FCDMC representatives during April 15. 2008 meeting and
subsequent email/phone correspondence.

CMX, April 2008. Guadalupe FRS Spillway Analysis Report for Arizona Grand Resort. Phoenix,
Arizona.
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We hope this information assists you in the review of the right-of-way permit application for the Arizona Grand
Resort Golf Hole Realignment Project. Should you have any questions or require additional information please
contact the undersigned at 602.567.1900.

Best regards.

CM)(, LLC.

RY'6::~~
Project Engineer

ld!!1!n!.E.
Drainage Group Manager

Enclosures

CC List:
Shelby Brown (FCDMC) for distribution to various review branches of the District
Nichole Spence-Gibson (ADWR)
Michael Weinberg (CMX)
Jacob Priego (CMX)
Greg Smith (CMX)
Stan Gray (Arizona Grand Resort)
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ATTACHMENT A

Revised Existing Conditions Hydraulic Model (HEC-RAS) Output

Revised Proposed Conditions Hydraulic Model (HEC-RAS) Output

Revised HEC-RAS Exhibit (Figure 3)
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Reach River Sta Profile Q Total Min Ch EI W.S. Elev CritW.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude#Chl

(cfs) (ft) (ft) (ft) (ft) (lVtt) (ftls) (sq ft) (ft)

Spillway 10 PMF 11545.00 1253.71 1281.59 1260.41 1281.61 0.000018 1.20 10922.97 705.05 0.04

Spillway 9 PMF 11545.00 1258.24 1281.54 1266.101 1281.60 0.000041 2.30 7054.94 586.92 0.09

Spillway 8 PMF 11545.00 1262.77 1281.49 1269.20 1281.59 0.000072 2.73 5159.22 532.82 0.12

Spillway 7 PMF 11545.00 1266.00 1281.39 1272.35 1281.57 0.000167 3.70 4006.13 409.36 0.17

Spillway 6.7 PMF 11545.00 1266.33 1281.41 1272.17 1281.55 0.000130 3.21 4402.54 407.86 0.15

Spillway 6.5 PMF 11545.00 1267.40 1281.37 1273.22 1281.54 0.000180 3.56 3825.84 379.81 0.18

Spillway 6 PMF 11545.00 1270.90 1280.95 1276.86 1281.48 0.000848 5.95 2097.80 310.80, 0.36

Spillway 5 PMF 11545.00 1272.45 1280.51 1278.06 1281.39 0.001791 7.59 1576.35 255.49 0.51

Spillway 4 PMF 11545.00 1273.20 1279.96 1278.45 1281.27 0.003083 9.55 1349.32 232.81 0.66

Spillway 3 PMF 11545.00 1274.00 1278.67 1278.67 1280.97 0.007854 12.27 968.08 213.94 1.00

Spillway 2 PMF 11545.00 1272.57 1278.02 1278.02 1280.22 0.007031 12.19 1048.43 256.67 0.96

Spillway 1.4 PMF 11545.00 1269.78 1275.07 1275.07 1276.79 0.008621 11.81 1284.88 384.98 1.03

Spillway 1 PMF 11545.00 1265.89 1270.73 1270.73 1272.60 0.012207 11.90 1089.83 381.32 1.17

Spillway 0.9 PMF 11545.00 1261.85 1268.66 1268.66 1270.62 0.007841 13.09 1244.34 332.27 1.00

Spillway 0.8 ,PMF 11545.00 1256.44 1264.93 1284.93 1267.41 0.005372 13.39 1104.66 276.21 0.88

HEC RAS Plan" Existing River" Spillway Reach" Spillway Profile" PMF
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HEC-RAS Plan· Proposed River- Spillway Reach" Spillway Profile" PMF

Reach River Sta Profile Q Tolal Min Ch EJ W.S.Elev Cril W.S. E.G. Elev E.G. Slope Vel ChnJ Flow Area TopWidlh Froude #Chl
(cls) (ftL...... (ft) ~= (ft) (ftlfl) (IUs) (sq tt) (rt) .-ISpillway 10 PMF 11545.00 1253.71 1281.58 1260.41 1281.60 0.000019 1.20 10915.48 704.82 0.04

Spillway 9 PMF 11545.00 1258.24 1281.52 1266.10 1281.59 0.000041 2.30 7048.64 586.85 0.09

ISpillway 8 PMF 11545.00 1262.70 1281.48 1269.15 1281.58 0.000071 2.72 5194.36 532.44 0.12

Spillway 7 PMF 11545.00 1265.53 1281.39 1272.00 1281.56 0.000154 3.67 4259.10 410.25 0.17
1

Spillway 6.7 PMF 11545.00 1266.25 1281.40 1273.09 1281.55 0.000154 3.29 4271.21 437.06 0.16
Spillway 6.5 PMF 11545.00 1266.92 1281.37 1273.11 1281.54 0.000173 3.51 3900.63 386.151 0.17

Spillway 6 PMF 11545.00 1270.89 1280.95 1276.82 1281.48 0.000823 5.91 2109.52 308.99 0.36

Spillway 5 PMF 11545.00 1272.45 1280.51 1278.06 1281.39 0.001791 7.59 1576.35 255.49 0.51

Spillway 4 PMF 11545.00 1273.20 1279.96 1278.45 1281.27 0.003083 9.55 1349.32 232.81 0.66
Spillway 3 PMF 11545.00 1274.00 1278.67 1278.67 1280.97 0.007854 12.27 968.08 213.94 1.00

Spillway 2 PMF 11545.00 1272.57 1278.02 1278.02 1280.22 0.007031 12.19 1048.43 256.67 0.96
Spillway 1.4 PMF 11545.00 1269.60 1275.08 1275.08 1276.80 0.008614 11.84 1261.35 360.94 1.03

Spillway 1 PMF 11545.00 1263.96 1270.38 1270.38 1272.32 0.012051 12.10 1076.08 356.53 1.17

Spillway 0.9 PMF 11545.00 1260.44 1267.89 1267.89 1269.91 0.006773 12.64 1209.49 322.17 0.95

,Spillway 0.8 PMF 11545.00 1255.70 1264.67 1264.67 1267.13 0.005424 13.33 1119.43 271.66, o~~
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ATTACHMENT B

Revised Storage Volume Comparison Calculations
&

Revised Storage Volume Comparison Exhibit (Figure 4)



Table C1 : Storage Volume Comparison
Project Arizona Grand Resort

Location: Phoenix, AZ

X.CMX
Prepared by: SVK Date:

AREA INCREMENTAL VOLUME CUMULATIVE VOLUME
Elevation

Proposed Existing Proposed- Exlsting1 Proposed Existing Proposed- Existing Proposed Existing Proposed· Existing'

(ft) (ft2) (fl2) (fe) (ft3) (te) (fe) (fl.3) (fll) (ftl)

1266 2,228 86 2,143 0 0 0 0 0 0

1267 6,657 5,011 1,646 4,443 2,548 1,894 4,443 2,548 1,894

1268 9,208 10,225 -1,018 7,932 7,618 314 12,375 10,166 2,209

1269 11,752 14,673 -2,921 10,480 12,449 -1,969 22,855 22.616 239

1270 16,842 17,829 -987 14,297 16,251 -1,954 37,152 38,867 ·1,715

1271 21,778 21,352 425 19,310 19,591 -281 56,461 58,457 -1,996

1272 27,062 25,421 1,641 24,420 23,387 1.033 80,881 81,844 -962

1273 30,918 27,972 2,_ 28.990 26,696 2,294 109,872 108,540 1,331

1274 33,546 30,236 3,310 32,232 29,104 3,128 142,104 137,644 4,459

1275 36,533 32,382 4,151 35,040 31,309 3,730 177,143 168,954 8,190

1276 39,198 36,440 2,759 37,866 34,411 3,455 215,009 203,365 11,644

1277 41,804 38,187 3,617 40,501 37,313 3,188 255,510 240,678 14,832

1278 43,901 39,829 4,072 42,852 39,008 3,845 298,362 279,686 18,677

1279 45,715 42,459 3,257 44,808 41,144 3,664 343,170 320,829 22,341

1280 47,439 44,010 3,429 46,577 43,234 3,343 389,748 364,064 25,684

1281 49,359 46,946 2,413 48,399 45,478 2,921 438,147 409,542 28,605

1282 50,117 47,541 2,576 49,738 47,244 2,494 487,885 456,786 31,099

1283 51,051 48,612 2,440 50,584 48,076 2,508 538,470 504,862 33,607

TOTALS 565,110 529.211 35,898 538,470 504,862 33,607 538,470 504,862 33,607

Notes.
" A positIVe vakJe in tho 'ProposEld- Existi1g' cok.mn represents ina'ease in storage area or storage voUne tnder proposed conditions.

SIniIaf1y, a negative vakJe Wi the 'Proposed - ExisIi1g' cok.mn repreSlnS decrease Wi the storage area or storage voUne l.RIer proposed conditions

2. The stage-storage computahons bted Wi thiS summary table are based on the average-eod-area method, I.e. (Area 1 + Area 2) /2 • (ConIOlI Interval).
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ATIACHMENTC

Revised Grading Plan drawings:
GC01 (Golf Course Renovations (Hole #1))

GC02 (Existing Golf Course (Hole #18))

Q:\-7400\7434\Correspondence\Memos\K Rakestraw FCDMC Revised Guadalupe FRS Spillway Analysis.doc
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