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ARIZONA DEPARTMENT OF WATER RESOURCES
SURFACE WATER MANAGEMENT

Dam Safety Section’
500 North Third Street, Phoenix, Arizona 85004
Telephone 602-417-2445
Fax 602 4172423
JANE DEE HULL
Governor
April 19, 2001
RITA FEARSON
MAGUIRE
Director

Mr. Thomas M. Monchak, P.E.
DMIM Arizona, Inc.

2777 East Camelback Road, Suite 200
Phoenix, AZ 85016-4302

Subject: Spook Hill FRS Dam (07.50)
Technical Report No. 1 (Draft) — Existing Condition Hydrology

Dear Mr. Monchack:

As requested in your letter dated February 7, 2001 the Arizona Department of Water Resources
(Department) has completed a review of the Technical Report No. 1 (Draft) — Existing Condition
Hydrology report dated January 2001 (draft report). The attached memo by Dr. Michael Johnson
presents the Department’s technical review comments. The final report should address the
comments contained in the attached memo.

In addition to the technical review comments contained in Dr. Johnson’s memo, the Department
would like to also-address the draft report’s recommendation to set the design criteria as one-half
the Probable Maximum Precipitation (PMF). This recommendation appeats to be based on the |
fact that the full PMF condition overtops the dam. In evaluating this recommendation, the
Department considered the following:

1. Spook Hill FRS Dam is currently classified as a high hazard and intermediate size dam.
The high hazard classification was applied during original construction in 1980, The
intermediate size classification is based on the capacity (1,217 acre-feet) as reported in
the Flood Control District of Maricopa County’s (FCDMC) Individual Structures
Assessment Report prepared by Kimley-Horn and Associates, Inc. and the Department’s
current rules which became effective on June 12, 2000.

2. The design prepared by the Soil Conservation Service (SCS) and approved by the
Department is presented in Section 2.0 on Page 12 of the draft report. The design of the
emergency spillway capacity and embankment crest elevation was based on the PMF.

3. Arizona Administrative Code (A.A.C.) R12-15-1216(A)(2), Table 4, specifies that a high
bazard potential dam be designed to withstand an inflow design flood (IDF) that varies
from 0.5 PMF to the full PMF with the size increasing based on persons at risk and
potential for downstrearn damage. Alternative design approaches to this requirement are
contained in A.A.C. R12-15-1216(A)(2)(b) and A.A.C. R12-15-1216(A)(2)(c). It should
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be noted that the IDF design criteria is a requirement specified in rule and not a guideline
or recommendation as implied in the draft report.

4. The applicability of the Department’s dam design requirements contained in A.A.C. R12-
15-1216 are discussed in A.A.C. R12-15-1220. If the Director has determined that a dam
is safe, A.A.C. R12-15-1220(B) specifies that the owner is not required to comply with
AA.C. R12-15-1216 unless the Director determines, based on several factors, that it is
cost effective to upgrade the dam at the time of a major alteration or major repair.

Based on the above considerations, the Department does not agree with draft report’s
recommendation that the one-half PMF be utilized as the design criteria. Considering the large

 number of persons at risk and potential for significant downstream damage, it is the

Department’s position that full the PMF be utilized as the IDF design criteria. Utilization of the
full PMF as the design criteria would also be consistent with the original design approved by the
Department. The proposal to relocate several sections of the dam and the upstream low flow
channel would constitute a major alteration to the dam. Therefore, pursuant to A.A.C. R12-15-
1220 modifying the dam to meet the requirements of A.A.C. R12-15-1216 must be considered.
Alternative design approaches contained in A.A.C. R12-15-1216(A)(2)(b) and A.A.C. R12-15-
1216(A)(2)(¢) may also be considered.

We Yook forward to discussing these comments at the meeting scheduled for May 2, 2001 at your
offices. If you have any question concerning this letter or the attached review memo, please
contact me at (602) 417-2400 extension 7189 or Dr. Johnson at extension 7204. ‘

Sincerely,

William C. Jenkins, P.E.
Manager
Dam Safety Section

Enclosure
WCI:mdg
Cc:  Tom Renckly — FCDMC

Joe Warren — ADOT
Quan Quan - NRCS




ARIZONA DEPARTMENT OF WATER RESOURCES
SURFACE WATER MANAGEMENT DIVISION

Dam Safety Section
MEMORANDUM
To: Michael Greenslade, P.E.
From: Michael Johnson, Ph.D.

Subject:  Spook Hill Floodwater Retarding Structure (07.50)
Technical Report No. 1 (DRAFT) — Existing Condition Hydrology
Technical Review

Memo Date: April 19, 2001

I have completed a review of “Spook Hill Floodwater Retarding Structure — Technical Report
No. 1 (DRAFT) — Existing Condition Hydrology™ prepared for the Arizona Department of

- Transportation by DMIM Inc.

1 reviewed the assumptions made, methodologies employed, engineering parameters selected,
and implementation of the methodologies. The model is well developed and adequately
describes the existing hydrology. The calculation of time of concentration by the iterative
empirical relation. proposed by Papadakis and Kazan (1987) and recommended by FCDMC
results in significantly larger predicted peak inflows to the reservoir thao those predicted in
previous reports (i.e. SCS Design Report and 1981 Inspection Report). This difference
represents an advance in the state of the practice. Based on the results of this model, the one-half
PMF leaves about 2.5 feet of residual freeboard while the full PMFE causes the dam to overtop.

Two issues should be addressed regarding the flood routing through the reservoir. The first
issue, discussed in General Comment No. 1, deals with the treatment of the FRS as a single
reservoir versus four inteérrelated sub-reservoirs. The second issue is discussed in General
Comment No. 2 and pertains to the principal and emergency spillway stage-discharge functions.

General Comments

1. The SCS Final Design Report routed the flood hydrograph through four sub-reservoirs
delineated by the roadway crossings at Brown, McKellips, and McDowell Roads. The report
confirmed that the roadway crossing profiles did not impact the dam crest elevation. The
current DMJM study models the FRS as a single reservoir. Given that the predicted peak
inflows are two-and-a-half times larger than the original analysis, the reservoir should be
modeled as four interrelated reservoirs to assure that overtopping is not predicted at an
intermediate section of the dam before the water can get to the emergency spillway. A
preliminary calculation indicates that the McKellips Road crossing may not be able to pass
the PMF peak flow.

D:\Temporary Internet Files\Temporary Internet Files\OLK2813\Existing Condition Hydrology Memo.doc




Spook Hill FRS (07.50)

Review of Technical Report No. 1 (DRAFT) — Existing Condition Hydrology

May 1, 2001

Page 2 0of 2 :

2.

The stage-discharge function employed in the current analysis (referenced to SCS and WPA)
is significantly different from that shown on the as built drawings. The stage-discharge
function for the emergency spillway shown on the as built drawings seems to be based on a
discharge coefficient, C, equaling 2.85 (i.e. Q = CLH™®). The value of the coefficient used in
the current analysis is not clear because the discharge through the principal and emergency
spillways are lumped, however, it appears to be greater than 2.85. Considering the
emergency spillway as a broad-crested weir, King and Brater’s Handbook of Hydraulics,
Seventh Edition indicates a value of 2.63 is appropriate. If a value other than 2.63 is used,
then computations or documentation should be submitted supporting the validity of the
chosen valve. Additionally, calculations of the discharge through the principal spillway
should be submitted, as the values used do not agree with the as built drawings.

As apoint of clarification, the negative values of residual freeboard given in Table 27 on
page 36 are not the same as overtopping depth. The absolute values of these numbers
represent the increases in dam height necessary to prevent overtopping of the dam,
Additional dam height, over and above this amount, would be necessary to conform to
current ADWR Rules regarding residual freeboard. If the dam were to overtop in response to
the PMF event in its current configuration, then the overtopping depth would be expected to
be significantly less than these values due to the additional “weir” flow over the dam.

The flow volume greater than the 8,400 cfs capacity of the Spook Hill Floodway located
downstream of the dam was diverted from the model prior to routing the inflow hydrograph
from the dam through the floodway. However, the inflow to the floodway is through the
principal spillway with a capacity of only about 1,100 cfs (reference: as built drawings).
This issue is not of concem relating to the safety of the dam because the reservoir storage
routing is governed by the elevation-storage function and elevation-discharge function (i.e.
the combined rating curve for the principal and emergency spillways) which are applied
correctly in HEC-1. '

Section 4.7, Table 16; It should be specified that these values of T, and R are for the local
storm PMP and that for the general storm PMP the values are different (i.e. larger).

The elevations of the original SCS design and the information the Dam Safety office has on
file for this dam are relative to NGVD 29 Datum. This report refers to the elevations relative
to the NAVD 88 Datum. Care must be exercised to keep the elevation references consistent.

The following typographical errors were noticed during review.

Typographical Errors

1.

Section 2.3, Page 13; The dimensionless time increment is referred to as “0.02 hour,” it
should read “0.02.”

Section 2.10, Page 17; The SCS stage-storage and stage-discharge relationships are refer-
enced as Figures “B.1” and “B.2,” they are actually contained in Appendix C as Figures
“C_]’, and (—‘C.Z"? :




Spook Hill FRS (07.50)

Review of Technical Report No. I (DRAFT) — Existing Condition Hydrology
May 1, 2001

Page3of 2

3.

Section 4; All of the Appendix C tables and figures referenced in this section are mislabeled
as “B.x” rather than “C.x.”

Appendix C, Tables C.5 & C.6; Third columns show units of “in,” should be dimensionless.

Appendix C, Precipitation Comparison; Regarding the DMIM study, the drainage area is
listed as “14.02” sq. miles and the general storm 24 hour PMP is listed as “14.6” inches, the
correct values appear to be “13.9” sq. miles and “15.4” inches.

Appendix C, Tables C.7 & C.8; The subheadings of the third columns are entitled “(sq. ft),”
they should be entitled “(acres).”

Appendix C, Green-Ampt Parameters ~ Basin Al Hand Calculations; In the computation of
the composite XKSAT, the value for the area of map unit “3” is incorrectly written as “0.12”
sq. miles instead of “0.012” sq. miles. However, the composite value shown, 0.349 in/hr, is
correct.

Section 4.7, Table 16; The column heading for storage coefficient, R, should be labeled with
units of “hours.”

Section 4.7, Table 17; The contributing arca corresponding to a time of 60 percent of T, for
urban watersheds should be 84 percent of the total area, not 87 percent as shown in the table.
The values used in the HEC-1 runs are correct.

10. Appendix D, HEC-1 input file for general storm PMP; In the ID cards, the storm duration is

incorrectly stated as 6 hours instead of 24 hours, the actual input parameters are correct.

11. Section 5, Page 32; The word hour is misspeled as “hourr.”

12. Section 5, Page 34; The example computation of the SCS lag time for subbasin Al is

referenced 1o Appendix B, it 1s actually Table C.10 in Appendix C.

13. Section 6, Page 36; The residual freeboard for the one—half PMF is stated as “2.58” feetin the

text and “2.57” feet in Table 27.




Arizong Administrative Code
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Title 12, Ch. 15

Hydraulic charactenisﬁcs, engineering data, and cal- 2558, effective Tune 12, 2000 (Supp. 00-2).

o

e. Geotechnical investigation and testing of the dam . . .
site and reservoir basin. Results and analysis of sub- & Const‘:mct. each spillway in a anner that avoids
surface investigations, including logs of test borings flooding in excess of the ?lmdmg that would ha‘ie
and geologic cross sections. o_ccurrecl in the same l.ocahon under the same condi-

f.  Guidelines and criteria for blasting to be used by the tions before construcl:l(?n. The ownet of a dam shall
contractor in preparing the blasting plan. demonstrate that a spillway discharge would not

g, Details of the plan for control or diversion of surface rosult n incremental aflverse CONSEQUEnCes. In
water during construction. determining vfrhe'ther a spillway discharge of a dam

h. Details of the dewatering plan for subsurface water woulq result in fncremental adverse consequences,
duting constraction, the Director shall evaluate whether the owner has

i.  Testing results of earth and rock materials, including taken any or all of the following acfions: issuing
the location of test pits and the logs of these pits. P ublhc notice to dqwnstream propetty OWnets, com-

j.  Discussion and design of the foundation blanket . Plying with ﬂo?d Insurance requirements, adopting
grouting, grout curtain, and grout cap based on foun- CIMELgency .a:ctxon plans, conducting mock ﬂqo.d
dation stability and seepage considerations. d.l:l].ls, acquiring flow easements. or other acqumis-

k. Calculations and basic assumptions on loads and tions of real pmperty, or other actions appropriate to
limiting stresses for reinforced concrete design. The b Is;f ?gg ard the ;r]ain ts: te$: tﬂood f:gannel. .
design repott shall include input and output listings . clude a control struc 0 avor hea;l cutting and
on both hard copy and computer diskette. lowenpg of. the spillway crest for spillways exca-

L A discussion and stabzhty analysis of the dam vat(?d in sofls or § oft ropk. In the altemnative, the
including appropriate seismic loading, safety fac- deEsxgn may p ro\‘ade e\f1dence s acceptabitlz to the
tors, and embankment zone strength characteristics. Director that erosion during the inflow design flood
Analyses shall include both short-term and long- will x_lot result in a sudden release of the reservoir.
term loading on upstream and downstream slopes. e Pljomde each spillway aFd channel with 2 minimum
The design report shall include input and output list- vf'ldth Of. 10 feet "fmd smtaple armor o prevel}t ero-
ings on both hard copy and computer disketts. sion during the discharge :esu]tmg from the inflow

| m. A discussion of seismicity of the project area and design flood.
activity of faults in the vicinily. The design report d. Ensure that downstream spﬂlway ¢hannel fows do
shall use both deterministic and statistical methods not encroach on the dam unless suitable erosion pro-
. and identify the appropriate seismic coefficient for fection is constructe‘d. . — ;
use in analyses. e. Ensn.re that each spillway, in combmat‘mn with ount-

n. Discussion and design of the cutoff trench based on lets, is able to safely pass the peak discharge flow
scepage and other considerations. rate, as calculated on the basis of the inflow design

o. Permeability characteristics of foundation and dam flood. . . .
embankment materials, including calctlations for f. Not construct bndges-?r fences ACTOSS 2 spillway
seepage quantities through the dam, the foundation, u]}less the const{“uctmn’ls Approved in wiiting by the
and anticipated in the internal drain system. The Director. The Director’s approval may include con-
design report shall include input and ontput listings dﬂ:mns regardmg. the design and operation of the
on both hard copy and computer diskette. The spillway and fencing, based on safety concems.
design report shall include copies of any flow nets g Notusea pipe or culvert as an emergency spillway
usod. unlfass the Director approves the use following

p. Discussion and design of internal drainage based on eview of the dam des.Ign and site characteristics.

: . . 2. Inflow Design Flood Reguirements
scepage quantity calculations. The design report . e " .
shall include instrumentation necessary to monitor & Umn?ss mr&t&? otherwise in ‘.mtmg by the D“e‘:t.or’
the drainage system and filter design calculations for .the 1t1;1ﬂow ‘?1851@ ﬂ?qd reqmremeflts for detemm}-
profection against piping of foundation and embank- ﬁle: spritway minimum capacily are stated in
ment. . : ; . ; R

q-  Erosion protection against waves and rainfall runoff b, Asan a]temah}'e o the teqmrements'prescnbed. in
for both the upstream and downstream slopes, as Table 4, the Director may accept an inflow design
appropriate. flood determined by an incremental damage assess-

r. Discussion and design of foundation treatment to ?;T‘f:smdy based on the relative safety of the alter-
compensate for geological weakness in the dam Di : .
foundation and abutment areas and in the spillway & :I'he tc_)r_ma_y aceep t.s1te.-spec1ﬁc ;?mt{able max-
foundation area. imum precipitation studies in determination of the

5. Post-construction vertical and horizontal movement inflow design flood, ¢

.

culations used in determining the capacities of the
outlet works and emergency spillway. The design
report shall include input and output listings on both
hard copy and computer diskette.

systems.

Discussion of foundation conditions inciuding the
potential for subsidence, fissures, dispersive soils,
collapsible soils, and sink holes.

Historical Note

New Section adopted by final rulemaking at 6 A.AR.

Sapp. 002

ign of a High, Significant, or Low Haz- ;

A. General Reqmrements
1. Emergency Spillway Requirements. An applicant shalk:
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Al erisure: that the: tofal freeboard is
following:

es'ign'fﬂ ' E
pth above the spillway crest plos wave!

June 30, 2000
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et .
iii. A mintmum of 5 feet$

3. Qutlet Works Requircments. An applicant shall ensure
that a dam has a Iow level outlet works that:

a.

C,

Is capable of draining the reservoir to the sediment
pool level. A low level outlet works for a high or
significant hazard potential dam shall be a minimum
of 36 inches in diameter. A low level outlet works
for a Jow hazard potential dam shall be a minimum
of 18 inches in diameter.

For a high or significant hazard potential dam, has
the capacity to evacuate 90% of the storage capacity
of the reservoir within 30 days, excluding reservoir
inflows.

Has a filter diaphragm or other curtent practice mea-
sures to reduce the potential for piping along the
conduit.

Has accessible outlet conirols when the spillway is
in use.

Has an emergency manual override system or can be
opetated manually.

Is constructed of malerials appropriate for loading
condition, seismic forces, thermal expansion, cavita-
tion, corrosion, and potential abrasion. The applicant
shall not use corrugated metal pipes or other thin-
walled pipes except-as a form for a cast-in-place
concrete conduit. The applicant shall construct out-
let conduits of cast-in-place reinforced concrete. The
applicant shall design each outlet to maintain water
tightness. The applicant shall construct each outlet
to prevent the occurrence of piping adjacent to the
outlet,

Has an opetating or guard gate on the upstream end
of any gated outlet,

Has an outlet conduit near the base of 1 of the abut-
menfs on native bedrock or other competent mate-
tial. The applicant shall support the entire length of
the conduit on foundation materials of uniform den-
sity and consistency to prevent adverse differential
setflement.

Has an upstream valve or gate capable of controiling
the discharge through all ranges of flow on any
gated ouflet conduit,

Has a trashrack designed for a minimum of 25% of
the reservoir head to which it would be subjected if
completely clogged at the upstreain end of the out-
let.

Has an air vent pipe just downstream of the control
gate. The applicant shall include a blow-off valve at
or near the downstream toe of the dam for an outlet
conduit that is connected directly to a distribution
system.

Has an outlet conduit designed for internal pressure
equal to the full reservoir head and for superimposed
embankment Joads, acting separately.

4. Dam Site And Reservoir Area Requirements

a.

Jane 30, 2000

An applicant shall demonstrate that reservoir storage
during the inflow design flood will not result in
incremental adverse consequences and that the
design will not resultin the inundation or wave dam-
age of properties within the reservoir, except
marina-type structures, during the inflow design
flood. Tn determining whether a discharge will result
in incremental adverse conseguences, the Director

shall evaluate whether the owner has taken any or all
of the following actions: issuing public notice to
upstream affected property owners, compliying with
flood insurance requirements, adopting emergency
action plans, conducting mock flood drills, acquiring
flood easements or other acquisitions of real prop-
etty, or other actions approprate to safeguard the
dam site and reservoir Permanent habitations are
not allowed within the reservoir below the spillway
elevation,

The applicant shall clear the reservoir storage area of
logs and debris.

The applicant shall place borrow areas a safe dis-
tance from the upstream toe and the downstream toe
of the dam to prevent a piping failure of the dam.
The applicant shall keep the top of the dam and
appurtenant structures accessible by equipment and
vehicles for emergency operations and maintenance.

Geotechnical Requirements

a,

The applicant shall provide an evaluation of the
static stability of the foundation, dam, and slopes of
the reservoir rim and demonstrate that sufficient
matetial is available to construct the dam as
designed. .
The applicant shall not construct a dam on active
faults, collapsible soils, dispersive soils, sink holes,
or fissures, nnless the applicant demonstrates that
the dam can safely withstand the anticipated offset
or other unsafe effects on the dam.

Seismic Requirements

a.

The applicant shall submit a review of the seismic or
earthquake history of the area around the dam within
a radius of 100 miles to establish the relationship of
the site to kmown faults and epicenters. The review
shall include any known earthquakes and the epicen-
ter locations and magnitudes of the earthquakes,

The applicant shall identify the location of active or
potentially active fanlts that have experienced
Holocene or Late Pleistocene displacement within a
radius of 100 miles of the site, )
For a high or significant hazard potential dam, the
applicant shall design the dam to withstand the max-
imum credible earthquake.

For a low hazard potential dam, the applicant shall
use probabilistic or deterministic methods to deter-
mine the design earthquake. The magnitude of the
design earthquake shall vary with the size of the
dam, site condition, and specific location.

B. Embankment Dam Requirements.

Geotechnical Requirements. Table 5 states minimum fac-
tors of safety for embankment stability under various
loading conditions. For an embankment dam an applicant
shall provide a written analysis of minimum factors of
safety for stability.

1.

Page 67

a.

The analysis of minimum factors of safety shall
include the effects of anisotropy on the phreatic sur-
face position by using a ratio of horizontal perme-
ability to vertical permeability of at Jeast 10. The
Director may require ratios of up to 100 if the mate-
tial types and construction techniques will cause
excessive stratification.

The applicant shall use tests modeling the conditions
being analyzed to determine the strengths used in the
stability analysis. The stability analysts shall include
{otal and effective stress strengths approprate for
the different material zones and conditions analyzed.

Supp. 00-2
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The stability analysis shall use undrained strengths
or strength parameters for all saturated materials,
The applicant shall perform an analysis of the
upstream’ slope stability for a partial pool with
steady seepage considering the reservoir level that
provides the Jowest factor of safety.

A stability analysis is not required for low hazard
potential damns if the owner or the owner’s engineer
demonstrates that conservative slopes and compe-
tent materials are included in the design.

2. Seismic Requirements

a.

b.

Supp. 00-2

The applicant shall determine the seismoic character-
istics of the site as prescribed in subsection (A)(6).
The applicant shall determine the Nquefaction sns-
ceptibility of the embankment, foundation, and abut-
raents. The applicant shall use standard penetration
testing, cone penetration testing, shear wave velocity
measurements, or a combination of these methods to
make this determination. The applicant shall com-
pute the minimum factor of safety against liquefac-
tion at specific points and make a defermination of
whether the overall siteis subject to liquefaction.
The applicant shall determine the safety of the dam
under seismic loading using a pseudo stafic stability
analysis, computing the minimum factor of safety if
the emnbankment, foundation or abuiment is not sub-
ject to liquefaction and has a maximum peak accel-
eration of 0.2g or less, or a maximum peak
acceleration of 0.35g or less, and consists of clay on
a clay or bedrock foundation. The applicant shall use
in the pseudo static stability analysis a pseudo static
coéfficient thatis at least 60% of the maximum peak
bedrock acceleration at the site.

The applicant shall compute a minimum factor of

safety against overtopping due to deformation and-

settlement in each of the following cases. The mini-
mum factor of safety against overtopping can be no
less than 2.5, determined by dividing the total pre-
earthquake freeboard by the estimated vertical set-
tlement in feet. The applicant shall determine the
total vertical seftlement by adding the settlement
values of the upstream and downstream slopes.

i, The minimum factor of safety in a pseudo static
analysis is less than 1.0;

ii. An embankment, foundation, or abutment is
not subject to liguefaction, has a maximmm
peak acceleration of more than 0.2g or a maxi-
mum peak acceleration of more than 0.35g and
consists of clay on a clay or bedrock founda-
tion; or

iii. The embankment, foundation or abutment is
subject to liquefaction.

The applicant shall perform a liquefaction analysis

to establish approximate boundades of liquefiable

Zones and physical characteristics of the soil follow-

ing liquefaction for an embankment, foundation, or

abutment subject to liquefaction. The applicant shall

Page 68

perform an analysis of the potential for flow ligue-
faction.

Other, more sophisticated analytical procedures may
be required by the Director for sites with high seis-
micity or low strength embankment or foundation
soils.

3. Miscellaneous Design Requirements

&,

The design of any significant or high hazard poten-
tial dam shall provide seepage collection and: pre-
vent internal erosion or piping doe fo embankment
cracking ot other causes.

The Director shall review the filter and permeability
design for a chimney drain, drain blanket, toe drain,
or outlet conduit filter diaphragms on the basis of

unique site characteristics.

i.  The minimum thickness of an internal drain is 3
feet.

#, The minimum width of a chimmey drain is 6
feet.

iii. The applicant shall filter match an internal
drain to its adjacent material.

iv. The applicant shall design internal drains with
sufficient capacity for the expected drainage
without the use of drinpipes vsing only natural
granular materials.

The use of a geosynthetic is not permitted in a

design if it serves as the sole defense against dam

failure. The use of geotextiles and geonets as a filter
or drain material or a geomembrane liner is permit-
ted only in a location that is easily accessible for
repair or if its excavation cannot create an unsafe

- condition at the dam. A geosynthetic liner is allowed

under special conditions and in specific situations if
itis subject to monitoring and redundant safety con-
trols. The Director may impose conditions, includ-
ing - monitoring appropriate to the hazard
classification, inspection, and necessary repairs,
each performed every 5 years.

The applicant shall use armoring on any upstream
slope of an embankment dam that imponnds water
for more than 30 days at a time. If the applicant uses
rock riprap, it shail be well-graded, durable, sized to
withstand wave action, and placed on a well-graded
pervious sand and gravel bedding or geotextile with
filtering capacity appropriate for the site.

The applicant shall protect the downstreatn slopes
and groins of an embankment dam from erosion.
The minimum width of the top of an embankment
dam is equal to the structural height of the dam
divided by 5 plus an additional 5 feet. The required
minimum width for any embankment dam is 12 feet,
The maximum width for any embankment dam is 25
feet.

Histoxical Note

New Section adopted by final ralemaking at 6 A.AR.

2558, effective June 12, 2000 (Sapp. 00-2).

Tune 30, 2000




TFable 4.

Table 5.

Arizona Administrative Code Title 12, Ch. 15
Department of Water Resources
Infiow Design Flood
Dam Hazard Class Dam Size Classification IDF Magnitude
Very Low Al Sizes 100-year
Low All Sizes 0.25 PMF
Significant Small 0.25 PMF
Intermediate 0.5 PMF
Large 0.5 PMF
All Sizes *

L sgnt

ood that vaties from..5 PMF to the full *

treaim. 'dam e.-Th applicant shall gonsider foreseeable future

Historical Note
New Table adopted by final rulemaking at 6 A.AR. 2538, effective June 12, 2000 (Supp. 00-2).

Minimum Factors of Safety for Stability
Embankment Loading Condition Minimum Factor of Safety
End of construction case — upstream and downstream slopes 13

on weak foundations

End of construction case for embankmcnts greater than 50 feetin height | 1.4

slope (fuli pool)

Steady state seepage - upstream (critical partial pool} and downstream 15

Instantaneous drawdown - upstream slope

1.2

! Not applicable to an embarnkment on a clay shale foundation.

Historical Note
New Table adopted by final rulemaking at 6 AAR. 2558, effective June 12, 2000 (Supp. 00-2).

R12-15-1217. Maintenance and Repair; Emergency
Actions
A. An owner shall perform general maintenance and ordinary

June 30, 2000

repairs that do not impair the safety of the dam. General main-

tenance and ordinary repair activities listed under this subsec-

tion do not require prior approval of the Director. These repair
activities include:

1. Removing brush or tall weeds.

2. Cutting trees and removing slash from the embankment
or spillway. Small stumps may be removed provided no
excavation into the embankment occurs.

3. Bxterminating rodents by trapping or other methods.
Rodent damage may be repaired provided it does not
involve excavation that extends more than 2 feetinto the
ernbankment and replacement materials are compacted as
they are placed.

4, Repairdng erosion gullies less than 2 feet deep on the
embankment or in the spillway.

5. Grading the surface on the top of the dam embankment or
spillway to eliminate potholes and provide proper dram
age, provided the freeboard is not reduced.

6. Placing additional riprap and bedding on the upstream
slope, or in the spillway in arcas that have sustained
minor damage and restoring the original riprap protection
where the damage has not yet resulted in erosion and
weakening of the dam. _

7. Painting, caulking, or lnbricating metal structeres,

8. Patching or caulking spalled or cracked concrete to pre-
vent deterioration.

9. Removing debris, rock, or earth from outlet conduits or
spillway channels and basins.

10. Patching to prevent deterioration within outlet works.

Page 69

11. Replacing wotn or damaged parts on outlet valves or con-
© trols to gestore them to otiginal condition or its equiva-
lent.

12. Repairing or replacing fences mtended to keep taffic or
livestock off the dam or spillway.

General maintenance and ordinary repair-that may impair or
adversely effect safety, such as excavation into or near the toe
of the dam, construction of new appurtenant structures for the
dam, and repair of damage that has already significantly weak-
ened the dam shall be petformed in accordance with this Arti-
cle. The Director may approve maintenance performed
according to a standard detail or method of repair on file with
the Department upon submittal of a letter. The Director shall
determine whether general maintenance and crdinary repair
activities not listed in subsection (A) will impair safety.

Emergency actions not impairing the safety of the dam may be

taken before guidance can be provided by an engineer and do

not require prior approval of the Director. Emergency actions
do not excuse an owner’s responsibility to promptly undertake

a permanent solution. Emergency actions include:

1. Stockpiling materials such as riprap, earth fill, sand, sand-
bags, and plastic sheeting.

2. Lowering the reservoir level by making releases through
the outlet or a gated spillway, by pumping, or by siphon-
ing.

3. Armoring eroded areas by placing sandbags, riprap, plas-
tic sheeting, or other availablz material.

4. Plogging leakage entrances on the upstream slope.

5. Increasing freeboard by placing sandbags or_temporary
earth fill on the dam.

6. Diverting flood waters to prevent them from entering the
reservoit basin.

Supp. 00-2
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Constructing training berms to control flood waters.

Placing sandbag ring dikes or reverse filter materials

around boils at the downstream toe to provide back pres-

sure.
9.  Removing obstuctions from outlet or spillway flow
areas.

D. Bmergency actions impairing the safety of the dam require
prior approval of the Director. An owner shall not Jower the
water level by excavating the spiliway or embankment unless
failure is imminent.

E. For all high and significant hazard potential dams, the emer-
gency action plan shall be implemented with any emergency
actions taken at the damn,

F. The owner shall notify the Director immediately of any emer-
gency condition that exists and any emergency action taken.

Historical Note
New Section adopted by final rulemaking at 6 A.AR.
2558, effective June 12, 2000 (Supp. 00-2).

R12-15-1218. Safe Storage Level

The Director has the authority to determine the safe storage level
for the reservoir behind each dam, including the storage level of an
existing dam while it is being repaired, enlarged, altered, breached,
or removed. The elevation of the safe storage level is stated on the
license. The owner shalt not store water in excess of the level deter-
mined by the Director to be safe. The owner shall not place flash-
boards or other devices in the emergency spillway without approval
of an alteration of the dam in accordance with this Article.

Historical Note
New Section adopted by final rulemaking at 6 A.AR.
2558, effective June 12, 2000 (Supp. 00-2).

R12-15-1219. Safety Inspections

A. Except as provided in subsection (E), the Director shall con-
duct a dam safety inspection annually or more frequently for
each high hazard potential dam, triennially for each significant
hazard potential dam, and once every 5 years for each low and
very low hazard potential dam.

B. An engineer is considered qualified to provide information to
the Director regarding the safe storage level of a reservoir if
the engineer:

1. Meets the criteria in R12-15-1202(11);

2. Has 3 years of experience in the field of dam safety; and

3. Has actual experience in conducting dam safety inspec-
tions.

C. A dam safety mspectlon includes:

1. Review of previous inspections, reports, and drawings;

2. Inspection of the dam, spillways, outlet facilities, seepage
control, and measurement systems;

3. Inspection of any permanent monument or monitoring
installations;

4.  Assessment of all parts of the dam that are related to the
dam’s safety; and

5. A recommendation regarding the safe storage level of the
reservoir.

D. The engineer shall submit a - safety inspection report that
describes the findings and lists actions that will improve the
safety of the dam. The report shall include the engineer’s rec-
ommendation of the safe storage Jevel. The engineer shall use
a report form approved by the Director.

E. Inspections by the Owner
1. An owner may provide to the Director, at the owner’s

expense, a safety inspection report that complies with the
requirements of subsections (B), (C), and (D) in place of
an inspection by the Department. The owner's engineer
shall notify the Director and submit a writien summary of

Ll

Supp. 00-2
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the engineer’s qualifications at least 14 days before the

scheduled safety inspection.

2. The Director may refuse to accept an inspection that does
not conform to this Article.

F. Inspections by the Department

1. The Director may enter at reasonable times upon private
or public property and the owner shall permit such entry,
where a dam is located, including a dam under construc-
tion, reconstruction, tepalr, enlargement, alteration,
breach, or removal, for any of the following putposes:

a. To enforce the conditions of approval of the con-
struction drawings and specifications related to an
application for constmction, reconstruction, repair,
enlargement, alteration, breach, or removal.

b. Toinspect a dam that is subject to this Article.

¢. To investigate or assemble data to aid review and
study of the design and construction of dams, reser-
voirs, and appurtenances or make watershed investi-
gations to facilitate decisions on public safety to
fulfill the duties of A.R.S. § 45-1214.

d.  To ascertain compliance with this Article and A R.S.
Title 45, Chapter 6.

2. Upon receipt of a complaint that a dam is endangeﬂng
people or property:

a. The Director shall inspect the dam unless there is
substantial cause to believe the complaint is without
merit.

b. If the complainant files a complaint in writing and
deposits with the Director sufficient funds to cover
the costs of the inspection, -the Director shall make
an inspection.

¢. The Director shall provide a written report of the
inspection to the complainant and the dam owner.

d. If an unsafe condition is found, the Director shall
cause it to-be corrected and return the deposit to the
complainant. If the complaint was without merit the
deposit shall be paid into the general fund.

3. The Direcior may employ qualified on-call consultants to
conduct inspections.
4. Inspections under subsection (A) shall comply with the
- requirements of AR.S. § 41-1009.

Historical Note
New Section adopted by final rulemaking at 6 A. AR,
2558, effective June 12, 2000 (Supp. 00-2).

R12-15-1220. Existing Damns
A. The requirements of this Article apply to existing dams, except
as provided in subsections (B} and (C).

Tune 30, 2000
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“tect human life.or property-#The Director shall consider the

size, hazard potential classification, physical site conditions,
and applicability of a requirement to the dam. The Director
shall state in writing the reason or reasons the owner is not
required to comply with a requirement.

R12-15-1222.

A.

Right of Review

An applicant or owner aggrieved by a decision of the Director
regarding the determination of hazard classification, jurisdic-
tional status, or the Director’s application of this Arficle may
seck review of an appealable agency action under A.R.5. Title

D. The owner shall ensure that installation of utilities beneath or 41, Chapter 6, Article 10.
through an existing dam is accomplished by open cuts or jack-  B. - An applicant or owner aggrieved by a decision of the Director
ing and boring methods. - that requires the exercise of professional engineering judgment
or discretion or the assessment of risk to human life or prop-
. Historical Nm:naki 16 AAR erty, such as the adequacy of an applicant’s project documen-
New ggggonf?d(g)teiby 1‘111123121‘(1)15% S g ?JO—EA o tation, dam design, safe storage level, requirements for
» cliechve fune 12, (Supp- )- existing dams, or maintenance, may seek review by a board of
R12-15-1221. Emergency Action Plans review under A.R.S, §§ 45-1210 and 45-1211.
A. Bach owner of a high or significant hazard potential dam shall ~ C. The following actions are not subject to review:
prepare, maintain, and exercise a wiitten emergency action 1. Emergency measures taken under AR.S, §§ 45-1212 or
plan for immediate defensive action to prevent failure of the 45-1221.
dam and niinimize any threat to downstream development. 2. Agency decisions made under AR.S. §§ 41-1009(E) or
The emergency action plan shall contain a: ®). ‘
Notification chart showing the priority for notification in 3. Agency actions made exempt from review by law.
an emergency sitwation. The owner shall notify local Historical Note
&ﬁiﬂf::czoﬁ%"?; :ﬁfgs ﬂﬁ“’;ﬂ;‘;“;ﬁm poP. New Section adopted by final rulemaking at 6 A.AR.
a.ffected’ flood conttolrgistﬂctsn;] nag ' 2558, effective June 12, 2000 (Supp. 00-2).
2. Description of the demand reservoir and scope of the R12-15-1223. Enforcement Authority
emergency action plan; A. The Depariment may exercise its discretion to take action nec-
3. Delineation of potentially unsafe conditions, evaluation essary to prevent danger to human life or property. The Direc-
procedures, and friggering events that require the initia- tor may take any legal action that is proper and necessary for
tion of partial or full emergency notification procedures, the enforcement of this Chapter.
based on the urgency of the situation; B. [ the Director has cause to believe that a dam is unsafe or a
4. Delineation of areas of responsibility of the owner and person is violating or has violated a provision of this Article or
other parties. The emergency action plan shall clearly A.RS. Title 45, Chapter 6, Article 1, the Director may issue a
identify individuals responsible for notifications and notice directing the owner to remedy the safety deficiency or
declaring an emergency; correct the violation. The owner may appeal a notice issned
5. Specific notification ptocedure for each emetgency situa- under this-subsection as an appealable agency action in accot-
tion anticipated; dance with A.R.S. Title 41, Chapter 6, Article 10. If the owner
6. Description of emergency supplies and resources, equip- does not appeal within 30 days after the date on the notice, the
ment access to the site, and alternative means of commu- notice becomes final and may be incorporated as a condition
nication. The emetgency action plan shall also identify of any license based on the duration of the requirement.
specific preparedness aclivities required, such as ammual C. TIf the Director has cause to believe that a dam is unsafe or a
full or partial mock exercises and updates of the emer- person is violating or has violated a provision of this Article or
gency action plan; and AR.S. Title 45, Chapter 6, Article 1, the Director may proceed -
7. Map showing the area that would be subject to flooding under ARS. § 45-1221 to initiate a contested case under
due to spillway flows and dam failures. AR.S. Title 41, Chapter 6, Article 10 by requesting an admin-
B. The owner shall use the Director’s model emergency action istrative hearing.
plan, which is available at no cost, or an equivalent model, for D. Following a writien decision by an administrative law judge,
guidance in preparing the emergency action plan. the Director shall issue a decision and order accepting, reject-
C. The owner shall submit a copy of the proposed emergency ing, or modifying the administrative law judge's decision,
action plan for review by the Arizona Division of Emergency Upon expiration of time to appeal, the decision and order
Management and all local emergency coordinators invelved in becomes final and may be incorporated as a condition of any -
the plan. The owner shall incorporate appropriate recommen- license based on the duration of the requirement.
dations generated by the reviews and submit the revised emer- E. If the Director has cause to believe that a dam is unsafe or a
gency action plan to the Department. person is violating or has violated a provision of this Article or
D. The owner shall review and update the emergency action plan ARS. Title 45, Chapter 6, Article 1 the Director may com-
annually or more frequently to incorporate changes such as mence an action in a court of appropriate jurisdiction if:
new personnel, changing roles of emergency agencies, emer- 1. The violation is an emergency requiring appropriate steps
gency response resourees, conditions of the dam, and informa- fo be taken without delay; or
tion learned from mock exercises. The owner shall send 2. The Ditector has cause to believe that nse of the adminis-
updated portions of the plan to persons and agencies holding trative procedure would be ineffective or that delay
copies of the plan within 15 days after preparation of an would ensue and a deterioration in the safety of the dam
npdate. would occur.
Historical Note F. If the Director commences an action it shall be brought in a
New Section adopted by final rulemaking at 6 A.A.R. court of appropriate jurisdiction in which:
2558, effective June 12, 2000 (Supp: 00-2) . The cause or some part of the cause arose; or
’ ! ’ ) 2. The owner or person complained of has his or her place
of business; or
3. The owner or person ¢complained of resides.
June 30, 2000 Page 71 Supp. 00-2
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G. A person determined to be in violation of this Article; A.R.S.
Title 45, Chapter 6; a license; or order may be assessed a civil
penalty not exceeding $1,000 per day of violation. The Direc-
tor may offer evidence relating to the amount of the penalty in
accordance with A.R.S. § 45-1222.

H. A violation of A.R.S. Title 45, Chapter 6, Article 1 regarding
Supervision of Dams, Reservoirs, and Projects is a class 2 mis-
demeanor, in accordance with A R.S. § 45-1216.

Historlcal Note
New Section adopted by fina! rulemaking at 5§ A.AR.
2558, effective June 12, 2000 (Supp. 00-2).

R12-15-1224. Emexgency Procedures
A. The owner of a dam shall immediately notify the Depariment
and responsible authorities in adjacent and downstream com-
munities, including emergency management anthorities, of a
condition that may threaten the safety of the dam. The owner
shall take necessary actions to protect human life and property,
including action required under an emergency action plan or
order issued under this Article.
1. A condition that may threaten the safety of a dam
includes:
a. Sliding of upstream or downstream slopes or abut-
ments contiguous to the dam;
b. Sudden subsidence of the top of the dam;
c. Longitudinal or transverse cracking of the top of the

dam;

d. Unusual release of water from the downstream slope
ot face of the dam;

e. Other unusual conditions at the downstream slope of
the dany;

f.  Significant Jandslides in the reservoir area;

g. Increasing volume of seepage;

h. Clondy seepage or recent deposits of soil at seepage
exit points; .

i.  Sudden cracking or displacement of concréte in a
concrete or masonry dam spillway or outlet works;

j-  Loss of freeboard or dam cross section due to storm
wave erosion;

k. Hood waters overtopping an embankment dam; or

1. Spiliway backcutting that threatens evacuation of
the reservoir.

2. In case of an emergency, the owner shall telephone the
Arizona Department of Public Safety’s emergency num-
bets at (800) 411-2336 or (602) 223-2000.

B. The Director shall issue an emergency approval to repair, alter,
or remove an existinng dam if the Director finds that immediate
remedial action is necessary to alleviate an imminent threat fo

human life or property.
1. The emergency approval shall be provided in Wwriting on a
form developed for this purpose.

2. The emergency approval may contain conditions the

7 Director determines are appropriate to protect human life
or property.

3. The emergency approval is effective immediately for 30
days after notice is issued unless extended in writing by
the Director. The Director shall also send notice to the
county flood control district of the county in which the
dam is located, all municipalities within 5 miles down-
stream of the dam, and any additional persons identified
in the emetgency action plan. ’

Supp. 00-2

R12-15-1225.

Page 72

4. The Director may institute legal or administrative pro-
ceedings that the Director deems appropriate for viola-
tions of the emergency approval or conditions of the
emergency approval,

Historical Note
New Section adopted by final rulemaking at 6 AL AR.
2558, effective June 12, 2000 (Supp. 00-2).

Emergency Repairs

A. The Director shall use monies from the dam repair fund, estab-
lished under AR.S, § 45-1212.01 to employ any remedial
measure necessary to protect human life and property resulting
from a condition that threatens the safety of a dam if the dam
owner is vnable or unwilling te take action and there is not suf-
ficient time to issue and enforce an order.

B. The deputy director may authorize an expenditure not to
exceed $10,000 from the dam repair fand for remedial mea-
sures under AR.S. § 45-1212, The expenditure of any addi-
tional funds shall be approved by the Director.

C. The Director shall hold a Hien against al property of the owner .
in accordance with A.R.S. § 45-1212,

Historical Note
New Section adopted by final rulemaking at 6 A.AR.
2558, effective June 12, 2000 (Supp. 00-2).

R12-15-1226. Non-Emergency Repairs; Loans and Grants

A. If the Director determines that a dam represents a threat to
human life and property but is not in an emergency condition,
the Director may use the dam repair fund, established under
ARS. § 45-1212.01, as prescribed in this Article to defray the
costs of repair.

B. Monies from the dam repaijr fund may be used for loans and
grants to owners as provided in AR.S. §§ 45-1218 and 45-
1219. .

C. To qualify for a loan or grant from the dam repair fund, a dam
shall be classified as unsafe by the Director.

D. The Director may authorize grant funds for all or part of the
cost of engineering studies or construction needed to mitigate

_ the threat to human life and property created by a dam,

1. The Pirector and the grantee shall execute a financial
assistance agreement that includes terms of financial
assistance, the work progress, and payment schedule.

2. The Direcior shall disburse grant funds in accordance
with the financial assistance agreement.

3. The Director shall establish a prority ranking for grants
baged on faciors including the potential for failure of a
dam, the number of lives at risk, and the capability of the
owner to pay a portion of the costs.

E. The Director may loan funds for engineering studies or for all
or part of construction as prescribedin AR.S. § 45-1218.

1. The Director and the dam owmer shall execute a loan
repayment agreement. The loan repayment agreement
shall be delivered to and held by the Department.

2. The Director shall establish & priority ranking for loans
based on factors including the potential for failure of a
dam, the number of human Hves at risk, and the capability
of the owner to pay a portion of the costs. :

Historical Note
New Section adopted by final rulemaking at 6 A.AR.
2558, effective June 12, 2000 (Supp. 00-2).
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Wood/Patel /
L Speok Hill ADMP May 8, 2001
. Flood Control District of Maricopa County W/P # 99989
FCD 99-43
Crude Cost Estimate for Drainage Facilities required for the Red Mountain Freeway
Option 1
Reconstruct the Spook Hill FRS to accommodate the full Probable Maximum Flood Option
MAJOR ELEMENTS:

ITEM DESCRIPTION UNIT PRICE  UNIT QUANTITY AMOUNT

1  Excavation $2.50 CY 2,550,000 $6,375,000

2 Backfill - ensite source $2.50 CY 2,550,000 $6,375,000

3 Backfill - offsite source $6.50 CY 250,000 $1,625,000

nterceptar

4 6 Concrete lined Achanne $124 LF 19,200 $2,380,800

5 16 Service road (ABC) ] LF 19,200 $96,000

6  Dropinlet & slope drain @ 500' O.C. $12.550 EA 38 $476,900

7  Low flow/maintenance access road $84 LF 19,200 $1,612,800

_ 8 1120’ Bridge at McDowell Road $75 SF 105,280 $7,896,000
. 9 1710 Bridge at McKellips Road $75 SF 160,740 $12,055,500
10 1850 Bridge at Brown Road $75 SF 173,900 $13,042,500

11 1056' NB Bridge over the Emergency Spillway $75 SF 57,024 $4,276,800

12 1176' SB Bridge over the Emergency Spillway $75 SF 63,504 $4,762,800

13 Common element - Bridge at South end of FRS , $0 SF 0 $0

SUBTOTAL MAJOR ELEMENTS $60,975,100

CONTINGENCIES:

Construction 20% $12,195,020

Engineering 3.5% $2,134,129

Construction Admin 3.5% $2,134,129

TOTAL MAJOR ELEMENTS $77,438,377

TOTAL 377,438,377

W:\I999Projects\99989-Spook Hill ADMP Update\Spreadsheets\CostEstimates\d Lternative Cost Analysis\Level II\Red Mountain Freeway Crude Cost Analysis.xls.
Full PMF Option



2. The Section stations correspond to the sections defined in the Red Mountain Freeway Design Concept Report by Parsons Brinckerhoff,
Shrinkage: 25.00% )

WALI999Profects\99989-Spook Hill ADMP Updare\Spreadsheeis\CostEstimates\ALternative Cost Analysis\Level II\Red Mowntain Freeway Crude Cost Analysis.xls-Full PMF Option

Wood/Patel
Crude Concept: Red Mountain Freeway cut/fill quantity estimate for drainage design
End Area .
FRS fill Roadway berm Storage Replacement storage Additional Cut Total fill
gbove below | Roadway | above below lostio above " above above | for concrete | required for Fill available for roadway
Section 100 y7 flood} 106 yr flood] fill 100 yr floodt 100 yr flood, roadway | ground elev { low flow clev|100 yr floodd  channel roadway | above ground | above low flow
(Station) | Length (Al) (A2) (A3) (Ad) (A5) [AD+A3ZFAS {A6) (AT (A%) (A9) sum(AT:A5) (A6+A8+A9) | sum(A6:A9)
Ne, ft ft fi2 fi? fiz fiz e fi? fi? fi2 fi2 ft? fi? fit fi?
1 778 1500 645.47 485.59 | 2536.30 162.00 321.59 334348 3760.90 1564.20 1008.27 45,10 4150.95 4814.27 6378.47
2 821 6250 645.47 461.38 250098 | 162.00 285.01 324737 4243.26 1267.02 1274 86 44 81 4054.834 5562.93 6829.95
3 287 7900 64547 345.05 2606,64 162.00 298.05 3249,74 419947 1293.93 889,22 48.28 405721 5136.97 643090
4 943 3550 645.47 352.17 2102.78 162.00 148,73 2603.68 1844.57 217.74 759.59 42.46 3411.15 2646.62 2864.36
Volumetric
FRS fill Roadway berm Storage Replacement storage Additional Cut Total fill
above below Roadway above below lostto above above above | for concrete | required for Fill available for roadway
Section 100 vt flood} 100 yr flood| fill 100 yr flood|100 yr flood| roadway | ground elev {low flow elev|100 yr flood|  channel roadway | above ground* [above low flow*
(Station) | Length {Al) (A2) (A3) (Ad) (A5} |A2+A3+AS (AS) (A7) (AB) (A9) sum{A1:AS)] (AG+AS+A9) | sum(A6:A9)
No. fi ft y& yd? yd* yd® yd® yd® yd® yd? wid? yd? vd? yd? vd?
1 778 1500 35,859 26,977 140,906 9,000 17,866 185,749 208,939 86,900 56,015 2,506 230,608 200,595 265,770
2 221 6250 149,414 | 106,801 | 578,931 37,500 65,975 751,706 982,236 263,292 295,106 10,373 938,620 965,786 1,185,755
3 887 7900 188,860 100,959 | 762,684 47,400 87,207 930,850 | 1228734 378,594 260,179 14,126 1,187,110 1,127,280 1,411,225
4 943 3550 84,867 46,304 276,477 21,300 19,555 342,336 242,527 28,629 99,872 5,583 448 503 260,986 282,458
Totals: 19,200 459,001 281,041 1,758,996 115200 190603 2230,640 2,662,436 787,415 711,173 32,587 - 2,804,841 2,554,647 3,145,208
Notes: 1. * A shrinkage factor of 25% has been applied to material excavated on site to determine the compacted volume.
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Wood/Patel

Spook Hill ADMP May 10, 2001
Flood Control District of Maricopa County WP # 99989
FCD 99-43
o Crude Cost Estimate for Drainage Facilities reguired for the Red Mountain Freeway "
y : Option 2 e ﬂ' {Feve
. ' Non-jurisdictional Option 4 ﬂya Aael
4 wi ) Y f{‘e&yﬂy
 MAJOR ELEMENTS: Free
ITEM DESCRIPTION . UNITPRICE UNIT QUANTITY AMOUNT
1 Excavation $2.50 cYy 1,754,383 $4,385,958
2 Compacted fill - onsite source $2.50 CY 1,578,383 $3,945,958
3 Compacted fill - offsite source $6.50 CY 80,515 $523,348
4 & Concrete lined channel $124 LF 19,200 $2,380,800
5 16' Service road {ABC) $5 LF 19,200 $96,000
6  Drop inlet & slope drain @ 500" O.C. $8,500 EA 38 $323,000
7  Low flow/maintenance access road 384 LF 0 $0
8 457 Bridge at McDowell Road $75 SF 42,958 $3,221,850
9 521" Bridge at McKellips Road $75 SF 43,974 $3,673,050
10 746 Bridge at Brown Road £75 SF 70,124 $5,259,300
1} 734'NB Bridge over the Emergency Spillway $65 SF 39,636 $2,576,340
12 734' 8B Bridge over the Emergency Spillway $65 SF 39,636 $2,576,340
. 13 Common element - Bridge at South end of FRS $0 SF ] $0
14 Signal Butte Principal Spiliway Modifications $177,675 LUMP 1 8177675
15  Signal Butte Qutfall Channel $490,700 LUMP 1 $490,700
16  Spook Hill Floodway $6,284,000 LUMP 1 $6,284,000
17 Off line Detention Facility Appurtenances $100,000 LUMP 1 $100,000
SUBTOTAL MAJOR ELEMENTS $36,014,318
CONTINGENCIES:
Construction - 20% $7,202,864
Engineering 3.5% $1,260,501
Construction Admin 3.5% $1,260,501
TOTAL MAJOR ELEMENTS $45,738,183
ADDITIONAL ELEMENTS:
ITEM DESCRIPTION UNITPRICE  UNIT QUANTITY AMOUNT
1 McDoweli - Option 2E $8,170,777 LUMP 1 $8,170,777
2 McKeliips - Option 2E $3,297247  LUMP 1 $3,297,247

SUBTOTAL ADDITIONAL ELEMENTS $11,468,024
CONTINGENCIES:

Construction 35% $4,013,808
! Engineering 7% $802,762

.’ Construction Admin 6% $688.081

TOTAL ADDITIONAL ELEMENTS $16,972,676

TOTAL  §62,710,859

W:\1999Profects\09989-Spook Hill ADMP Updae\Spreadsheets\CostEstimates\dLternative Cost Analpsis\Level INted Mountain Freeway Crude Cast A st xls-Non Jurisdictional Opfion ¢4




Wood/Patel

Spock Hill ADMS Update August 9, 2001
'Flood Control District of Maricopa County W/P # 99989
FCD 99-43
g Spook Hijll Floedway Channel Design
. File: New_Geo
Revised Incised Concrete Channel with Gabion Outlet
MAJOR ELEMENTS:
YTEM DESCRIPTION UNIT PRICE  UNIT QUANTITY AMOUNT
1 Concrete Channel $310 CY 14,300 $4,433,000
2 Channel Excavation 34 CcYy 68,000 $272,000 '
3 Gabion Channel Lining $75 CY 14,600 $1,095,000
4 Concrete Bridge $60 SF 6,400 $384,000
SUBTOTAL MAJOR ELEMENTS 56,184,000
CONTINGENCIES:
-Construction 35% $2,164,400
Engineering 7% $432.380
Construction Admin 6% $371,040
TOTAL MAJOR ELEMENTS $9,152,320
ADDITIONAL ELEMENTS:
. ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT
i Box Culvert Removal {Thomas Rd) $100,000 Job 1 $100,000
2 Utility Relocations (W & S) $8,000 EA - 0 50
l SUBTOTAL ADDITIONAL ELEMENTS $ lb0,000
CONTINGENCIES:
Construction 35% $35,000
Engineering 7% $7.,000
Construction Admin 6% $6,000
TOTAL ADDITIONAL ELEMENTS $148,000
LAND ACQUISITION:
ITEM DESCRIPTION UNIT PRICE  UNIT QUANTITY AMOUNT
1 Channel Land Acquisition $0 AC 0.00 50
2 Basin Land Acquisition $0 AC 0.00 50
SUBTOTAL LAND ACQUISITION 50
’. CONTINGENCIES : ' 25% - $0
TOTAL LAND ACQUISITION 50

TOTAL - 39,300,320

W:A1999Projects\99989-Spook Hill ADMP Update\Spreadsheets\Cost Estimates\Aiternative Cost Analysis\Level IN\Spook Hill FRS Channel Design New_Geo.xls-
Earthen Channel




Wood/Patel

Spook Hill ADMS Update

August 9, 2001

Flood Control District of Maricopa County WP # 99989
FCD 99-43
. Signal Butte Principal Spillway Modification
MAJOR ELEMENTS:
ITEM DESCRIFTION UNIT PRICE  UNIT QUANTITY AMOUNT
1 Concrete Spillway (Inlet, box ,outlet, etc.) $450 CY 201 $90,585
2 Grouted Riprap $45 8y 645 $29,025
3 Handrail $50 LF 64 $3,200
4  Fence 511 LF 215 $2,365
5 Walkway 8100 LF 25 $2,500
6  Removals (Spillway, Riprap, Headwalls, etc.) $50,000 EA i $50,000
SUBTOTAL MAJOR ELEMENTS $177,675
CONTINGENCIES:
Construction 35% 562,186
Engineering 7% 512,437
Construction Admin 6% 510,661
TOTAL MAJOR ELEMENTS $262,959

W: 1999Profecis'39989-Ipook Hill ADMP UpdateiSpreadsh

1
WostE:

‘ALternative Cost Analysisii,evel I\Signal Butie Spillway.xis-Earthen Channel
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Wood/Patel

Spaok Hill ADME May 10, 200
Flood Control District of Maricopa County W/ # 99989
FCD 99-43 :
Crude Cost Estimate for Drainage Facilifies required for the Red Mountain Freeway
Option 2
Non-jurisdictional Option 6
MAJOR ELEMENTS:
ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT
1 Excavation 32,50 CcY 1,300,383 $3,250,958
2 Compacted fill - onsite source $2.50 CcY 1,237,883 $3,094,708
3 Compacte_d fill - offgite source $6.50 Y 421,015 $2,736,598
4 6 Concrete lined channel $124 LF 19,200 $2,380,200
5 16 Service road (ABC) 35 LF 19,200 $96,600
6  Drop inlet & slope drain @ 500° 0.C. $8,500 EA 38 $323,000
7  Low flow/mainienance access road © 884 LF 0 50
8 457 Bridge at McDowell Road £75 SF 42,958 $3,221,850
9 521'Bridge at McKellips Road $75 SE 48,974 $3,673,050
10 746 Bridge at Brown Road $75 SF 70,124 $5,259,300
11 734'NB Bridge over the Emergency Spillway $65 SF 39,636 $2,576,340
12 734' SB Bridge over the Emergency Spillway $65 SF 39,636 $2,576,340
13 Common element - Bridge at South end of FRS $0 SF : 1] $0
14 Signal Butte Principa! Spillway Modifications $177,675 LUMP 1 3177675
15  Signal Butte Qutfall Channel $490,700-  LUMP 1 $490,700
15 Spook Hill Flaodway $6,284,000 LUMP 1 $6,284,000
17  Pass Mountain Alternative $3,035,989 LUMP 1 $3,035.989
18 Offline Detention Facility Appurtenances $50,000 LUMP 1 $50,000
SUBTOTAL MAJOR ELEMENTS $39,227,307
CONTINGENCIES:
Counstruction 20%% $7,845. 461
Engineering 3.5% $1,372,956
Construction Admin 3.5% $1,372,956
TOTAL MAJOR ELEMENTS $49,318,679
ADDITIONAL ELEMENTS:
ITEM DESCRIPTION UNIT PRICE  UNIT QUANTITY AMOUNT
I McDowell - Optien 2E $8,170,777  LUMP 1 $8,170,777
2 McKellips - Option 2E $3,297,247  LUMP 1 $3,297,247
. SUBTOTAL ADDITIONAL ELEMENTS $11,468,024
CONTINGENCIES:
Construction 35% $4,013,808
Engineering 7% $802,762
Construction Admin 6% $688,081
TOTAL ADDITIONAL ELEMENTS $16,972,676
TOTAL 566,791,355
WI999Frojects\99959-Spook Hill ADMP Update\Spreadsheets\CostEst \Lternative Cost Analysis\Level INRed Mountain Freeway Crude Cost Anclysis.xls-Ne .,"a_--‘" dictional Option &
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Top Cross Section Area Volume Volume

Width Storage  TotalCut | Length Storage Total Cut { Length Storage Total Cut
(ft) (%) {it*) () {yd®) (ac-ft) (yd?) (ft) (yd®) (ac-ft) (yd?}
400 1187 5341.3 55046 242,000 150 1,088,859 | 3669.8 161,333 100 725,973
550 1873.7 8168.8 3487.2 242,000 150 1,055,051 23248 161,333 100 703,368
700 2537.1 11281.8 25754 242,000 180 1,076,109 | 1716.9 161,333 100 717,408

W\1999Projects\99988-Spock Hill ADMP Update\Spreadsheets\CostEstimates\Altemative Cost Analysis\Level INOff line basin estimate JDS.x_Is
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Wood/Patel
Crude Concept: Non-jurisdictional channel cut/fill guantity estimate

End Area
Channel Area Additional Channel Berm
g Below Above Cut above Total Down Up Fill Filt
. Section Section Ground Ground | Channel Area Cut Slope Slope Required Available
(Station) | Length (AD) (A2) (A%) {Al+A3) (Ad) {AS5) (Ad+AS) (-25%)
ft ft fiz fi? ft? fiz iy 5 fi? fi*
21500 2200 1300.00 0.00 460.48 1760.48 0.00 0.00 0.00 1320.36
24000 7000 1291.50 8.50 189.40 1480.90 546 0.00 5.46 1110.68
30500 7500 1505.41 94.59 102.14 1607.55 16.79 0.00 16.79 1205.66
37500 2500 825.74 774.26 0.00 825,74 272.94 2047 293.41 619.31
Volumeiric
FRS fill Additional Channel Berm
above below Cut above Total Down Up Fill Fill
Section Section |100 yr flood{ 100 yr flood} Channet Area Cut Slope Slope Required Available
(Station) | Length {Al) (A2) (A3) (Al+A3) (Ad) (AS) (Ad+A5) (A4+AS)
ft ft yd® yd? yd® yd® yd& yd® yd® yd®
21500 2200 105,926 0 37,521 143,447 0 0 0 107,585
24000 7000 334,833 2,204 49,104 383,937 1,416 0 1,416 287,953
30500 7500 418,169 26,275 28,372 446,542 4,664 0 4,664 334,906
37500 2500 76,457 71,691 0 76,457 25,272 1,895 27,168 57,343
Totals: 19,200 935,386 100,169 114,997 1,050,383 31,352 1,865 33,247 787,787
Notes: 1. * A shrinkage factor of 25% has been applied to material excavated on site to determine the compacted volume,

2. The Sectjon stations correspond to the sections defined by the Wood/Patel initial Spook Hill FRS Channel Design,
Shrinkage: 25.00% '

W:\1999Projects\99989-Spook Hill ADMP Update\Spreadsheets\CostEstimatesi\ALterneaive Cost Analysis\Level IT\Red Mountain Freeway Crude Cost Analysis.xls-Non
Jurisdictional Option
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Spook Hill FRS Channel Design

Width

30
30
30
30
30
30
30
30
30
30
20
30
30
30
30
30
30
30
30
30
30
30
20
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

100
100
130
130
130
130

130
130
130
130
130
130

130

130
130
130
130
130
130
130
130
130

: ‘ LOB
Locatien Station ExistChi Exist Chl Design Design  CutorFill Existing LOB-EX Design Design  Depth (L} Depth (R) Elev(ML) Elev(MR) Sta (LOB) Sta(ML) Sta(BL) Sta{C) Sta(BR) Sta(MR) Sta(ROB)} Bottom
Inv Slope Inv Slope Elev {ff) {fh LOB ROB 117 I 1
Outlet 9548 1548.90 0.00053 1548.90 0.00181 0.00 1558.0 090 15689 15589 10.00 160,60 15539 15539 16500 175.00 185.00 200 21500 22500 : 235.00
10000 1549.14 0.00053 1549.72 0.00181 -058 1558.2 148 15597 1559.7 10.00 10.00 15547 15547 165.086 175.00 185.00 200 21500 225.00 235.00
10500 154940 000053 1550.62 0.00181 -1.22 15685 212 15606 1560.6 10.00 1000 15556 15556 165.00 175.00 185.00 200 215.00 225.00 235.00
11000 154966 0,00053 155153  0.00181 -1.86 1558.8 276 15615 15615 10.00 1000 15565 15565 16500 175.00  185.00 200 215,00 22500 23500
11623 154999 0.00053 1552.65  0.00181 -2.66 1558.1 356 15627 1562.7 10.00 1000 15577 15577 165.00 17500  185.00 200 215600 22500 : 23500
12000 155228 0.00609 155333  0.00181 -1.05 15614 195 15633 15633 10.00 1000 15583 15583 165.00 175.00  185.00 200 21500 22500 | 23500
Rectangular Starts 12250 1553.81 0.00609 1553.79 0.00181 0.02 15629 0.88 15638 15638 10.00 10.00 1558.8 1558.8 165.00 175.00 185.00 200 215.00 22500 235.00
12600 155594 0.00609 1554.42 000181 -1.52 15644 15644 10.00 1000 15559 15559 16500 185.00 185.00 200 22500 22500 235.00
13000 1558.37 0.00609 1555.14 0.00181 -323 1565.14 1565.1 10.00 1000 15584 15584 165.00 185.00 185.00 200 22500 22500 : 235.060
13500 156142 0.00609 1556.05 000181 -537 15660 15660 10.00 1000 15614 15614 165.00 185.00 185.00 200 22500 22500 - 235.00
14000 1564.46 0.00609 1556.95 0.00181 -7.51 16670 1567.0 10.00 1000 15645 15645 16500 185.00 185,00 200 22500 225.00 235.00
14373 1566.73 0.00609 155762 0.00181 -9.11 15676 15678 10.00 1000 15667 15667 165.00 185.00 185.00 200 22500 22500 ° 235.00
15000 16566.86 0.00020 1558,76 0.00181 -8.10 1568.8 1568.8 1000 1000 15669 15669 165.00 185.00 185.00 200 22500 22500 @ 235.00
15500 156696 0.00020 1559.66 0.00181 -7.29 15697 15697 10.00 10.00 15670 15670 165.00 185.00 185.00 200 22500 22500 . 23500
16000 1567.06 0.00020 1560.57 0.00181 -6.49 15706 15706 10.00 1000 ~ 15671 1567.1 165.00  185.00 185.00 200 22600 22500 : 235.00
168500 1567.16 0.00020 1561.47 0.00181 -569 15716 15715 10.00 10,00 ~ 15672 15672 165.00 185.00 185.00 200 225.00 22500 @ 235.00
17000 1567.26 0.00020 156238 0.00181 -4.88 15724 15724 16.00 1000 15673 1567.3 185.00 185.00 185.00 200 225.00 225,00 - 235.00
17500 1567.36 0.00020 1563.28 0.00181 408 15733 15733 10.00 1000 15674 15674 165.00 185.00 185.00 200 226.00 225.00 235.00
18000 1567.46 0.00020 1564.18 0.00181 -3.28 15742 1574.2 10.00 1000 15675 15675 165.00 185.00 185.00 200 225.00 225.00 235.00
18500 1567.56 0.00020 1565.09 0.00181 -247 15751 15751 16.00 10.00 15676 15676 16500 18500 185.00 200 225.00 225.00 . 235.00
19000 1567.66 0.00020 1565.99 0.00181 -1.67 1576.0 1576.0 10.00 1060 1571.0 1571.0 185.00 175.00 185.00 200 215.00 22500  235.00
19500 1567.76 0.00020 1566.90 0.00181 -0.86 15768 15769 10.00 1000 15718 15719 16500 175.00 185.00 200 215.00 225.00 235.00
Principal Spillway 20000 1567.86 0.00020 1567.80 0.00131 -0.06 1577.8 1577.8 10.00 10.00 1572.8 1572.8 165.00 17500 185.00 200 215.00 225.00 235.00
Transition Ends 20300 0.0006! 0.00730 X 0.00 1580.0 1580.0 10.00 10.00 1575.0 165750 120,00 135.00 150.00 200 250.00 265.00 - - 280.00
' 20600 1580.18 0.00062 1570.18 0.00062 10,00 1580.2 0.00 1580.2 1580.2 10.00 10,00 16752 15752 120.00 135.00 150.00 200 250.00 265.00 = 280.00
21000 158043 0.00062 157043 0.00062 10,00 15804 000 15804 15804 10.00 1000 15754 15754  120.00 135.00 150.00 200 250.00 265.00 280.00
21500 1580.74 0.00062 - 1570.74 0.00062 10.00  1580.7 0.00 15807 1580.7 10.00 10,00 15757 15757 12000 135.00 150.00 200 250,00 265.00 280,00
22000 1581.05 0.00062 167105 0.00062 10.00 1581.0 0.00 1581.0 1581.0 10.00 10,06 1576.0 1576.0 120,00 13500 150.00 200 250.00 265.00  280.00
McDowell Rd 22500 1581.36 0.00062 1571.36 0.00062 1000 15814 0.00 15814 15814 10.00 1000 15764 1576.4 12000 13500 150.00 200 250,00 265,00 280.00
23000 1581.66 0.00062 1571.66 0.00062 10.00 15817 0.00 1581.7 1581.7 10.00 10.00, 15767 15767 12000 135.00 150.060 200 250.00 265.00 . 280.00
23500 1581.97 0.00062 1571.97 0.00062 10.00 15820 0.00 15820 1582.0 10.00 10,00 1577.0 15770 12000 1i35.00 150.00 200 250,00 265,00 280.00
24000 1582.28 - 0.00062 1572.28 0.00062 10.00 15823 0.00 15823 15823 10.00 10,00 1577.3 1577.3 120,00 135.00 150.00 200 250.00 265.00 . 280.00
24500 158259 0.00062 157259 0.00062 10,00 15828 0.00 15826 1582.6 10.00 1000 15776 16776 12000 13500 150.00 200 250,00 26500 - 280.00
25000 1582.90 0.00062 1572.90 0.00062 10.00 15829 0.00 15829 15829 16.00 1000 15778 16779 120.00 13500 150.00 200 250,00 265.00 . - 280.00
25500 1583.20 0.00062 1573.20 0.00062 1000 1583.2 000 15832 1583.2 10.00 10.00 15782 1578.2 120,00 135.00 150.00 200 250,00 26500 : 250.00
26000 1583.51 0.00062 157351 0.00062 10.00 1583.5 0.00 15835 15835 10.00 16.00 15785 15785 120.00 135.00 150.00 200 250.00 285.00 | 280.00
BOO’ S. Hermosa Vista 26500 1583.82 0.00062 1573.82  0.00062 10.00 15833 0.00 1583.8 1583.8 10.00 10.00 15788 1573.8 120,00 13500  150.00 200 25000 26500 ' 280.00
27000 158413 0.00062 157413 0.00062 10.00 1584.1 0.00 1584.1 1584.1 10.00 10.00 15781 1579.1 120.00  135.00 150.00 200 250.00 265.00 280.00
27500 1584.44 0.00062 157444 0.00062 30.00 15844 000 15844 15844 10,00 10,00 15794 15794 12000 135.00 150.00 200 250.00 265.00 = 280.00
28000 1584.74 0.00062 1574.74 0.00062 10,00 15847 0.00 1584.7 15847 10.00 1000 15797 1579.7 12000 135.00 150.00 200 250.00 26500 ;  280.00
28500 158505 0.00062  1575.05 0.00082 10.00 1585.1 0:00 1585.1 156851 10.00 10.00 15801 15801 120060 135.00 150.00 200 250.00 26500 - 280.00
29000 158536 0.00062 ° 1575.36 0.00062 10.00 15854 0.00 15854 15854 10.00 1000 15804 15804 120.00 135.00 150.00 200° 250.00 265_.00 - 280,00
29500 1585.67 0.00062 157567  0.00062 10.00 15857 000 15857 1585.7 10.00 1000 15807 1580.7 120.00 13500  150.00 200 25000 26500 ' 280.00
30000 158598 0.00062 1575.98 0.00062 10.00 1586.0 0.00 15860 1588.0 10.00 1000 15810 1581.0 120.00 135.00 150.00 200 250.00  265.00 280.00
Sossaman Rd * 30500 1586.28 0.00062 1576.28 0.00062 10.00 15863 0.00 15863 15863 10.00 10_.0'() 15813 15813 10500 120.00 135.00 200 265.00 280.00 285.00
31000 1586.59 0.00062 '_l§ 76.69 0.00062 10.00 15866 0.00 15866 1586.6 10.00 1000 15816 15816 105.00 120.00 135.00 200 265.00 280.00 20500
31500 1586.80 0.00062 1576.90 0.00062 10.00 15886.9 0.00 15869 1586.9 10.00 10.00 1581.9 1581.9 105.00 120.00 135.00 200 285.00 280.00 ' 295.00
32000 1587.21 0.00062 1577.2% 0.00062 1000 1587.2 0.00 15872 1587.2 10.00 1000 15822 15822 10500 12000  135.00 200  265.00 280.00 : 295.00
32500 158752 0.00062 1577.52  0,00082 1000 15875 0.00 1587.5 15875 10.00 10.00 15825 15825 10500 12000  135.00 200 265.00 280.00 ' 295.00
300" S. Mclellan 33000 158782 0.00062 1577/.82 0.00062 10.00 1587.8 Q.00 1587.8 1587.8 10.00 1000 15828 15828 10500 120.00 135.00 200 265.00 280.00 205.00
33500 1688.13 0.00062 1578.13 0.00062 10.00 158841 0.00 1588.1 1588.1 10.00 10.06 15831 1583.1 105.00 120.00 135.00 200 265.00 280.00 . 295.00
34000 158844 0.00062 1578.44 0.00062 10.00 15884 0.00 15884 15884 10.00 10.00 15834 15834 10500 120.00 135.00 200 26500 280.00 : 295.00
34500 158875 0.00062 1578.75 0.00062 10.00 15887 0.00 1588.7 1588.7 10.00 10.00 15837 15837 10500 120.00 135.00 200 265.00 280.00 . 295.00
300" N. Brown Rd 35000 1589.06 0.00062 1579.06  0.00062 10.00 1589.1 000 1589.1 1589.1 10.00 1000 - 15841 1584.1 10500 12000 135.00 200 26500 28000 ° 295.00
: 35500 1589.36 0.00082 1579.36 Q.00062 10,00 15894 0.00 15894 15894 10.00 10,00 15844 15844 105.00 12000 135.00 200 26500 280.00 ¢ 295.00
36000 1589.67 0.00062 1579.67 0.00062 10.00 15897 0.00 1589.7 1589.7 10.00 10.00 15847 15847 10500 12000 135.00 200 265.00 28000  295.00
36500 1589.98 0.00082 1579.98 0.00062 10.00 1580.0 000  1590.0 15500 10.00 10,00 15850 15850 10500 120.00 135.00 200 265.00 280.00 295.00
37000 1590.28 000062 1580.29 0.00062 1000 15903 0.060 15903 1590.3 10.00 1000 15853 15853 10500 120.00 135.00 200 26500 28000 295.00
37500 1590.60 0.00082 1580.60 0.00062 10,00 159086 0.00 1590.6 1590.6 10.00 1000 15856 16866 10500 120.00 135.00 200 265.00 28000 , 29500
38000 1580.80 0.00062 %580.90 0.00082 1000 15909 0.00 15909 1590.9 10.00 1000 15859 15859 105.00 120.00 135.00 200 265.00 280.00 ' 295.00
38500 1591.21 0.00062 1.21 0.00062 1000 15912 0.00 15612 15912 10.00 1000 15862 1586.2 105.00 120.00 135.00 200 265.00 28000 . 295.00
39000 159152 0.00062 1581.52 0.00062 10.00 158156 0.00 15915 15915 10.00 10.00 15865 15865 105.00 120.00 135.00 200 265.00 280.00 295.00
39500 1591.83 0.00062 1581.83 $.00062 10,00 15818 000 15918 159138 10.00 1000 15868 15868 10500 120.00 135.00 200 265.00 28000 295.00
40000 159214 0.00062 1582.14 0.00062 10.00 15921 0.00 15821 15921 10.00 10060 1687.1 156871 10500 120.00 135.00 200 265.00 280.00 285.00
40500 159244 000062 158244 0.00062 10.00 15924 0.00 15824 15924 10.00 10.00 15874 15874 10500 120.00 135.00 200 265.00 280.00 295.00
Upstream End 41000 159275 0.00062 158275 0.00062 10,00 15928 0.00 15928 15928 10.00 1000 1587.8 1587.8 105.00 120.00 135.00 200 265.00 280.00 295,00
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