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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 602 417-2423 

JANE DEE HULL 
Governor 

April 19,2001 
RITA PEARSON 
MAGUIRE 

Dimtor 
Mr. Thomas M. Monchak, P.E. 
DMJM 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 
pepartment) has completed a review of the Technical Report No. 1 @raft) - Existing Condition 
Hydrology report dated January 2001 (draft report). The attached memo by Dr. Michael Johnson 
Dresents the Devartment's technical review comments. The final reuort should address the e A 

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 appears 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 
hazard 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 

C potential for downstream damage. Alternative design approaches to this requirement are 
contained in A.A.C. R12-15-1216(A)(2)(b) and A.AC. 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 ate 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 
A.A.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)(c) may also be considered. 

We look 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 

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 DMJM Inc. 

I 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 than 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 
PMP leaves about 2.5 feet of residual freeboard while the full PMF 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 interrelated sub-reservoirs. The second issue is discussed in General 
Comment No. 2 and pertains to the principal and emergency spillway stage-discharge functions. 

I. 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 
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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 
discharne coefficient, C, equalinn 2.85 (i.e. Q = CLH'.'). The value of the coefficient used in 
the current analysis is not Elear because the discharge &rough the principal and emergency 
spillways are lumped, however, it appears to be greater than 2.85. Considering the 
emergency ~ ~ i l l w ~ ~  as a broad-crested weir, 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 value. Additionally, calculations of the discharge through the principal spillway 
should be submitted, as the values used do not agree with the as built drawings. 

3. As a point 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. 

4. 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 of concern 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. 

5. 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). 

6. 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." 

2. Section 2.10, Page 17; The SCS stage-storage and stage-discharge relationships are refer- 

C 
enced as Figures "B.1" and "B.2," they are actually contained in Appendix C as Figures 
"C. 1" and "C.2." 
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@ 3. Section 4; All of the Appendix C tables and figures referenced in this section are mislabeled 
as "B.x" rather than "C.X." 

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

5. Appendix C, Precipitation Comparison; Regarding the DMJM 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. 

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

7. Appendix C, Green-Ampt Parameters - Basin A1 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. 

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

9. Section 4.7, Table 17; The contributing area 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 misspelled as "hourr." 

12. Section 5, Page 34; The example computation of the SCS lag time for subbasin A1 is 
referenced to Appendix B, it is 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" feet in the 
text and "2.57" feet in Table 27. 
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Hydraulic characteristics, eneineerinn data, and cal- - - 
culstions l~scd in dr%mnining the cap.lcioes of the 
outlet works and cmerg:ncy cpillu,3y. The ,Itsign 
report shall include Input and output listings on both 
hard copy and conlputer diskene. 
Geukchnical investigation and testing of the dam 
site and reservoir basin. Results and analysis of sub- 
surface investigations, including logs of test borings 
and geologic cross sections. 
Guidelines and criteria for blasting to be used bv the u 

mntnctor in preparing the hlafhng pVm. 
Detnils of thc plan for control ur diversion of surfdcr 
water dnting Anstrnction. 
Details of the dewatering plan for subsurface water 
dudna wnstruction. 
~ t s t i ; ~  resultc of emh and mck materials, including 
the location of test pits and the logs of these pi!.. . 
Discussion and desien of the foundation blanket - 
grouting, grout curtain, and grout cap based onfoun- 
dation stabinty and seepage wnsiderations. 
Calculations and basic assumvtions on loads and 
limiting stresses for reinforced 'concrete design. The 
design report shall include input and output listings 
on bbth hard copy and compuier diskette- 

- 

A discussion and stability analysis of the dam 
including appropriate s e i d c  loading, safety f ao  
tors. and embankment zone streneth characteristics. - 
Analyscs shall include both short-tern1 and long. 
term loading on upstteam and down sue an^ slopes. 
The design repon shall include input and output list- 
ings on both &rd copy and wmp;ter diskette. 
A discussion of seismicity of the project area and 
activity of faults in the vicinity. The design report 
shall use both deterministic and statistical methods 
and identify the appropriate seismic coefficient for 
usein analyses. 
Discussion and desim of the cutoff trench based on 
swpagc and other considerations. 
Pormmbilily chancteristicc of found~tion and d.+m 
o~nbdmcn l  materials. including c3lcul.1tioni for 
seepage quantities thmugh the d&, the foundation, 
and anticipated in the internal drain system. The 
design report shall include input and output listings 
on both hard copy and computer diskette. The 
design report shall include copies of any flow nets 
used. 
Discussion and desim of internal drainaee based on 
seepage quantity c~culations. The de&i report 
shall inclnde instnunentation necessarq to monitor 
the drainage system and filter design caiculations for 
protection against piping of foundation and embank- 
ment. 
Emsion protection against waves and rainfall runoff 
for both the upstream and downstream slopes, as 
appropriate. 
Discussion and design of foundation treatment to 
compensate for geological weakness in the dam 
foundation and abutment areas and in the spillway 
foundation area. 
Post-wnstrnction vertical and horizontal movement 
systems. 
Discussion of foundation conditions including the 
potential for subsidence, fissures, dispersive soils, 
collapsible soils, and sink holes. 

Historical Note 
New Section adopted by final rulemaking at 6 A.A.R. 

2558. effective June 12.20042 (SUDD. 00-2). , .. 
K12-15-1216. Dcslgn of a High, Slaflcant ,  or  1,uw Hu- 
ard Potential Dam 
A. General Requirements. 

1. Emergency Spillway Requirements. An applicant shall: 
a Construct each spillway in a manner that avoids 

flwdine in excess of the flcodine that would have 
occurr2 in the same location undir the same wndi- 
tions before construction. The owner of a dam shall 
demonstrate that a soillwav dischame would not . , " 
result in incremental adverse mnsequences. In 
determimng whether a spillway dischame of a dam 
would result in incremental adverse wiseqnences, 
the Director shall evaluate whether the owner has 
taken any or all of the following actions: issuine - - 
public notice to downstream property owners, wm- 
plying witb flood insurance requirements, adopting 
emefEencv action olans. conductine mock flood - .  
ddls, acquiring flow easemnts or-other acquisi- 
tions 01' real propcrty, or other actions appropriate to 
saiemard the dam sire and tlood channel. 

b. lnclide a wntrol struchlre to avoid head cutting and 
lowering of the spillway crest for spillways exca- 
vated in soils or soft rock. In the alternative, the 
design may provide evidence acceptable to the 
Director that erosion dnting the inflow design flood 
will not result in a sudden release of the reservoir. 

c. l'mvidc a c h  spillway and channel with a minimum 
width of 10 f e t  and suilablo ammr o prevent ero- 
sion dlu'ing the discharge wsultinr: frdm the inflow 
desim flood. 

- - 
d. Ensure Ulst downstr~m spillway channel flows do 

not encroach on the dan~  unless suitable zrosion prw 
tectionis constructed. 

e. Ensure that each spillway, in wmbination with out- 
lets, i s  able to safely pass the peak discharge flow 
rate, as calculated on the basis of the inflow design 
flwd. 

f. Not construct bridges or fences across a spillway 
unless the wnstruction is approved in writing by the 
Director. The Director's approval may include wn- 
ditions regarding the design and operation of the 
spillway and fencing. based on safetv concerns. 

g. Not use a pipe or ckvert as an emergency spillway 
unless the Director approves the use following 
review of the dam design and site characteristics. 

2. Inflow Designmood Requirements 
a. Unless directed otherwise in writing by the Director, 

the inflow design flood requirements for determin- 
ing the spillway minimum capacity are stated in 
Tahle 4. - - 

b. As an alternative to the requirements prescribed in 
Table 4, the Director may accept an inflow design 
flwd determined by an incremental damage assess- 
ment study, based on the relative safety of the alter- 
natives. 

c. The Director may accept site-specific probable max- 
imum precipitation studies in determination of the 
inflow desien flood. 

Supp. 00-2 Page 66 June 30,2000 
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ii. The sum of the inflow design flood maximuni; slaall evaluate whether th- own.-r has taken my or all 
water depth hove  the spillwdy crat pluc 3 of the follou~ing actiotlr: issuing puhliz notice to 
,*@j; 6 

-0 iii. Aminimumoffeet# 
3. Outlet Works Requirements. An applicant shall ensure 

that a dam has a low level outlet works that: 
a. Is capable of draining the reservoir to the sediment 

pool level. A low level ontlet 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 low hazard potential dam shall be a minimum 
of 18 inches in diameter. 

b. For a high or significant hazard potential dam, has 
the capacity to evacuate 90% of the storage capacity . . .  
of the-reservoir within 30 davs. exclndine reservoir , . - 
inflows. 

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

d. Has accessible ontlet controls when the spillway is 
in use. 

e. Has an emergency manual ovenide system or can be 
operated manually. 

f. Is wnstrncted of materials aoorooriate for loading .. . - 
condition. seismic forces, therm:11 expansion, cavill- 
tion, corrujion, and ptentid abrasion. The applicant 
shall not use wmiated metd pipes or other thin- - . . 
walled pipes exrcpt as a form for 2 cast-in-placc 
concrete conduit. The applicant shall COnStNCt oat- 
let conduit.< of cnst-in-place rcinforczd concrete. The 
applicant shall dtcign each outlet to nxtit~ulin wdkr 
tightness. The applicant shall construct each outlet 
to prevent the occurrence of piping adjacent to the 
outlet. 

g. Has an operating or guard gate on the upstream end 
of any gated outlet. 

h. Has an ontlet wnduit near the base of 1 of the abut- 
ments on native halrock or olhcr cumpctsnt mate 
nal. The applicant slaall support the entire I:ngth of 
thc cun~tuit un foundation muterial.? uf unifurm den- 
sity and consistency to prevent adverse differential 
settlement. 

i. Has an upstream valve or gate capable of controlling 
the discharee throneh all mees  of flow on anv - - 
gated outlet conduit. 

j. Has a trashrack designed for a minimum of 25% of 
the reservoir head to which it would be snbiected if 
completely clogged at the upstream end of the ont- 
let. 

k. Has an air vent pipe just dowtw~kam of the control 
gate. The applicant shall include a blowaff valve at 
or near the downstream toe of the dam for an outlet 
wnduit that is connected directly to a distribution 
system. 

1. Has an ontlet conduit desiffled for internal pressure 
equal to the full reservoirh&d and for supc~mposed 
ernhankmen1 luals, sctlng separdkly. 

4. Dam Site And Reservoir Area ReQuirements 
a. An applicant shall demonstrate that reservoir storage 

dudng the inflow design flood will not result in 
incremental adverse consequences and that the 
design will not result in theinundation or wave dam- 
age of properties within the reservoir, except 
matlna-twe struciures, dnline the i d o w  desien 
t lod .  lidetermining wl~ether idicchatge will resilt 
in incremental adverse consnluences, the I)lrector 

upstream affected property owners, com~lvine with - .  . .. - 
flood insurance requirements, adopting emergency 
action plans, conducting mock flood drills, acquiring 
Eood easements or other acquisitions of reai om; . . 
erty, or other actions appmiriate to safeguard the 
dam site and reservoic Permanent habitations are 
not allowed within the reservoir below the spillway 
elevation. 

b. The applicant shall clear the reservoir storage a m  of 
logs and debds. 

c. The applicant shall place borrow areas a safe dis- 
tance from the upstream toe and the downstream toe 
of thc d m  to prevent a piping failurr of the Jam. 

I Thr. applicant shall keep thc top of the dam tmd 
appurtenant structuws accessible by equipment and 
vehicles for cmqency opmtions and maintenance. 

5. Geukchnical Requirements 
a. The applicant shall provide an evaluation of the 

static stabiiity of the foundation, dam, and slopes of 
the reservoir rim and demonstrate that sufficient 
matetial is available to construct the dam as 
designed. 

b. The applicant shall not construct a dam on active 
faults, collapsible soils, diswrsive soils. sink holes. 
or fissures,-unless the appilicant demonstmtes that 
the dam can safely withstand the anticipated offset 
or other unsafe effects on the dam. 

6. Seismic RMuirements 
a. The apb~cant shall submit a review of the seismic or 

earthquake history of the area around the dam within 
a radiis of 100 &es to establish the relationsbio of 
the site to !inown faults and epicentersl'&e r$ieG 
shallinclude any known earthquakes and the emcen- 
ter locations and magnitudes oi the earthquake;. 

b. The applicant shall identify the location of active or 
potentially active faults that have experienced 
Holocene or Late Pleistocene displacement within a 
radius of 100 miles of the site. 

c. For a high or significant hazard potential dam, the 
applicant shall design the dam to withstand the mm- 
imum credible earthauake. 

d. For a low hazard p&ntial dam, the appEcant shall 
use probabilistic or deterministic methods to deter- 
mini 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. 
1. Gwtecbnical Requirements. Table 5 states m3nimnm fa* 

tors of safety for embankment stability under various 
loading conditions.  or an embankment ;am an applicant 
shall provide a written analysis of minimum factors of 
safety for stability. 
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 hodzontal perm8 
abilitj to vertiial of at least i0. The 
Director may require ratios of up to 100 if the mate- 
rial types and construction techniques will cause 
excessive stratification. 

b. The applicant shall use tests modeling the conditions 
being analvzed to determine the streneths used in the 
subiity &alysis. The stability sna ly~s  sl~all include 
total ;md erR?ctive stresq strengths appmpriatc for 
thz different mtelial .zone7 and conditions analyzul. 
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The stability analysis shall use undrained strengths 
or strength parameters for all saturated materials. 

c. The applicant shall perform an analysis of the 
upstream slope stability for a partial pool with 
sieady secpa& considehnR the iservoir'level that 
provides the lowest factor t,f safety. 

d. A stability analysis is not teuuired for low hwanl 
potential dams k the owner o r  the owner's engineer 
demonstrates that conservative slopes and compe- 
tent materials areincluded in the design. 

2. Seismic Requirements 
a. The applicant shall determine the seismic character- 

istics ;?the site as prescribed in subsection (A)(6). 
b. The applicant shall determine the liquefaction sus- 

ceptibilitv of the embanbent. foundation. and abut- 
mnts. The dpplicant shall use standanl penetration 
testing,conr: penctmnon testing, shcar wave velocity 
measmments. or a combination of thesemethods to 
make this detbrmination. The applicant shall wm 
pute the minimum factor of safety against liquefao 
tion at specific mints and make a determination of 
whetherihe ovziall riteis subject to liquefaction. 

c. Thc applicant shall dctennine the safety of the don, 
under seismic load in^ using a pseudo static stabilitv - .  
analysis, computing ilz minimum factor of satety k 
thc cmbankmont, foundation or ;\butm~.nt is not suh- 
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 orbedrock foundation. The avplicant shall use 

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

f. 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. Miscellanwus Design Requirements 
a. The design of any significant or high hazard poten- 

tial dam shall provide seepage collection and pre- 
Veht intemal erosion or piping due to embankment 
cracking or other causes. 

h. Tire ~ i r rc tor  shall review 01r. fil1r.r and permeability 
d2sign ior a chimney drain. ~Imin hlanket, tor clrain, 
or outlet conduit filter d i a~h rams  on the basis of . - 
unique site characteristics. 
i. Theminimum thickness of an intemal drain is 3 

feet. 
ii. The minimum width of a chimney drain is 6 

feet. 
iii. The applicant shall filter match an intemal 

drain to its adjacent material. 
iv. The applicant shall design intemal drains with 

sufficient cavacity for the expected drainme 
without the use oidrainpipes using only na tuk  
granular materials. 

c. The use of a gwsynthetic is not oermitted in a 
design if it serves as the sole defenbe against dam 
failure. The use of geotextiles and geonets as a filter 
or drain material or a geomembrane tiner is permit- 
ted onlv in a location that i s  easilv accessible for ~~, ~ ~ ~ ~~ ~- ---  

in th; pseudo static subilily analysi$ n pseudo sratic mpair or it its cxcavhtion cannot ma tc  an unsafe 
wlliicicnt that is at least 60% of the maximum pe* conditior~ at the kl.m. A geosynthctic hncr is allow& 
bedrock acceleration at the site. 

d. The applicant shall wmpnte 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 p ra  
earthquake freeboard by the estimated vertical set- 
Uement in feet. The applicant shall determine the 
total vertical settlement bv adding the sefflement 
values of the upstteam and hownstr-&am slopes. 
i. Theminimum factor of safety in a pseudo static . - 

analysis is less than 1.0; 
ii. An embankment, foundation, or abutment is 

not subject to liquefaction, has a maximum 
peak acceleration of more than O.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. 

e. The avolicant shall perform a liauefaction analvsis 
to establish approxibate boundakes of liquefiible 
zones and physical characteristics of the soil follow- 
ing liquefiction for an ~mbankment, foundation, or 
abutmcnl suhject to liquefaitiun. The applicant shall 

under svecial conditioniandin soecific situations if 
~ -~~~ ~~ 

it is suhjecr ro monitoring and rdundsnt s.dcty con- 
Irals. The Director rnay inlpose conditions, includ- . . 
 in^ monitorinr! avomDriate to the hazard - - *  . 
classification, inspection, and necessary repairs. 
each performed every 5 years. 

d. The applicant shall use morinr!  on anv upstream , . 
slope 2 sn ombdnkn~ent d3111 tgt impound$ watcr 
fur mur6 than 30 days rlt a titnc. If the applicant uses 
w k  npmp. it shall he well-gmdal. durable. s i ~ d  to 
wlhch3nd wave acuun, and pl~ced on a well-gnded 
p ~ o u s  sand and gravel bcdciing or geotextile with 
filtering capacity appropriate for the site. 

e. The applicant shall protect the downsbream slopes 
and groins of an embankment dam from erosion. 

f. The minimum width of the top of an embankment 
dam is eaual to the stmctural heieht of the dam - - -. 
divided b i  5 plus an additional 5 f c t .  The required 
minimum width for any embankment dam is 12 feet. 
The maximum width for any embankment damis 25 
feet. 

Historical Note 
New Section adopted by final rulemaking at 6 A.A.R. 

2558, effectiveJune 12,2000 (Supp. 00.2). 
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Table 4. Inflow Design Flood 

*For a high liawnl potential dam, the applicant shall design the dam to withsland an inflow design flood that vanes from .5 PMI: lo the full 
PMF, with s i ~  increasing bard on persons at risk and potential for do\rastn*lm damage. Thc applicant shall considw forrsmblc future 
I_. .C. . . . condIhons. ' 

Dam Hazard Class 

Very Low 

Low 

Significant 

'High* ' 

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

Table 5. Mini-Factors of Safety for ~Iahility' 

Dam SIze Classlficatlon 

All Sizes 

All Sizes 

Small 
Intermediate 
Large 

All Sizes 

End of construction case - upstream and downstream slopes 1 1.3 

End of construction case for embankments greater than 50 feet in height 1 1.4 

lDF Magnitude 

100-year 

0.25 PMF 
025 PMF 
0.5 PMF 
0.5 PME 
a 

Embankment I.oadlllg Condition 

- - 
on weak foundations 

Steadv state seepaze - upstream (critical partial pool) and downstream 1 1.5 

Minlmum Factor of Safely 

Instantaneous drawdown - u[ 
' Not applicable an embankment on achy  shm Iounaauon. 

nirtnrtrrl Nnto 

8, effective June 12,2000 (Snpp. 00-2). 
--"-" ".- 

New Table adopted by final rulemaking at 6 AA.R. 255 

Rl2-15-1217. Maintenance and Repair; Emergency 11. Replacing wom or damaged parts on outlet valves or con- 
Actions trols to restore them to original condition or its equiva- 
A. An owner shall perform general maintenance and ordinary lent. 

repairs that do not impair the safety of the dam. General main- 12. Repairing or replacing fences intended to keep traffic or 
tenance and ordinarv repair activities listed under this subseo livestock off the dam or suillwav. . . . . 
oon do nut rquire priur approval of the Dirwlur. Thcic repdir B. Cencral mlintenmcc and ordinary repair that nuiy impair or 
activitizj include: ndversrly rffect safely, such as excavation into or nmr lhc toc 
1. Removing brush or tall weeds. of the dam. construction of new ao~urtenant structures for the 
2. Cutting gees and removing slash from the emb-ent dam, and ripair of damage that haskeady significantly weak- 

or spillway. Small shlmps may be removed provided no ened the dam shall be performed in accordance with this Arti- 
excavationinto the e m h h e n t  occurs. - cle. The Director may approve maintenance performed 

3. Exterminating rodents by trapping or other methods. according to a standard detail or method of repair on file with 
Rodent damage may he repaired provided it does not the Deparbnent upon submittal of a letter. The Director shall 
involve excavation that extends more than 2 feet into the determine whether general maintenance and ordinary repair 
embankment and replacement materials are compacted as activities not listed in subsection (A) willimpair safety. 
they are placed. C. Emergency actions not impairing the safety of the dam may be 

4. Reoairine erosion gullies less than 2 feet deev on the taken before guidance can be orovided bv an eneineer and do 
embank~;;ent or in tk spillway. 

- 
not require priur a p p ~ v a l  of the Dirtclor. Emergency actions 

5. (indin): the surface on the top of tho dam embmkmcnl or do not excuse an owner's rcsponiibility to promptly undemke 
smllwai to eliminate oothol& and provide ~rooer drain- a ~ennanent solution. ~mere&cv actions iiclndi: . , . . - ,  
age, providd thc frezboard is not r&ucui. I. Sto*ilinp, mitcrials such as "prap, rmh fill, s;md, sand- 

6. l'lacinl: additional nprap and bedding on the a p s m m  hags. and pla<tic shretin~. 
slope,or in the spaway in areas that have sustained 2. ~ o w e r i n ~ t h e  reservoir &el by making releases through 
minor damage and restoring the original riprap protection the outlet or a gated spillway, by pumping, or by siphon- 
where the damage has not yet resuited in erosion and ing. 
weakening of the dam. 3. Armorine eroded areas bv   la cine sandbags. UDI~D. olas- - . &  - - .  ..A 

7. Painting, Lulking, or lubricating metal structures. tic sheeting, or other available material. 
8. Patching or caulking spalled or cracked concrete to pre- 4. Pluming leakage entrances on the upstream slow. - - -- - 

vent detedoration. 5. Increasing f&ard by placing sandbags or kmporaxy 
9. Removing debris, rock, or earth from outlet conduits 01 earth fill on the dam. 

spillway channels and basins. 6. Diverting flood waters to prevent them from enteting the 
10. Patching to prevent deterioration within outlet works. reservoir basin. 
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7. Constructing training berms to control flood waters. the engineer's qualifications at least 14 days before the 
8. Placing sandbag ring dikes or reverse filter materials scheduled safety inspection. 

amund boils at the downstream toe to provide back pres- 2. The Director may refuse to accept an inspection that does 
sure. not conform to this Article. 

9. Removing obstructions from outlet or SDilIway flow F. Insoections by the Department - 
ams .  1. ' The  tor maj. cnkr at rwonnhle times upon privale 

I). Emergency actions impairing the saiely uf the dam require or public propeny and lhc uwner shall pernut such entry, 
nnor annmval of the Direclor. An 0wni.r shall not lower the where a dam is IosaW. includme a dam under conshut; . . 
water level by excavating the spillway or embankment unless 
failureis 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 dam. 

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

HLstortcal Note 
New Section adopted by final Iulemaking at 6 AAR.  

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

R12-15-1218. Safe Storage Level 
The Director has the authority to detemdne the safe storage level 
for the reservoir behind each dam. includinr! the s towe level of an 
existing dam while il is k ing  repaired, cn~&~ed ,  d te id ,  breached, 
or ~moved.  The c.lcvdtiun of the safe storage level is staled on the 
license. The owner shallnot store water in excess of the level deter- 

- 
tion. rcwnsmction, I ,  enlargement, altcrdtiou, 
Ijrexh, or remuval, fur any of the following purporas: 
a. To enforce the conditions of aoomv&- o f  the wn- . . 

struction drawings and specifications related to an 
application for wnstruction, reconstruction, repair, 
enlamement. alteration. breach. or removal. 

b. TO inspect adam that ii subject to this Article. 
c. To investigate or assemble data to aid review and 

s~udy of the design and construction of dms.  reser- 
voirs, and appunrnnnces or make watershd invcsti- 
mtions to facilitate decisions on oublic safetv to 
Fulfill the duties of AR.S. g 45-121i 

d. To ascertain compliance with this Article and A.R.S. 
litle 45, chap&6. 

2. Upon receipt of a complaint that a dam is endangering 
people or property: 
a The Director shall insoect the d m  unless there is 

mined hy the Director to be sifc. The owner shall not place flach- suhstantial cdusc lo beiieve the complaint is withour 
hrarJ.; or other devices in the emergency spiII\vay wilhoutapp~~v3J merit. 
of an ollerarion of the clamin accordance with this Article. h. If the coloplainant files a com~laint in writinc and 

Hlstodcal Note 
New Section adonted bv final Iulemakine at 6 A.A.R. 

2558, effecive ~ & e  12,2000 (sup; 00-2). 

R12-15-1219. Safety Inspections ' A. Except as provided in subsection (E), the Director shall con- 
duct i dam safetv insoection annually or more frequently fox 

deposits with the Director s k c i e n t  funds to Mver 
the wsts of the inspection, the Director shall make 
an inspection. 

c. The Director shall Dmvide a written rewrt of the 
inspection to the complainant and the d& owner. 

d. If an unsafe condition is found, the Director shall 
muse it to be wmted and rehun the dewsit to the 

each high haurd.pduntial dam, trieniially for each ;ignificnnt complainant. It  th- complaint w i ~ i  without nleril the 
hazard potential dam. and once cvcry 5 years for u i h  low and deposit skill be paid into the general fund. 
very low hazard potential dam. 3. The Director may employ qnaliEed on-call consultants to . . -  

B. An.engineer is Ansidered qualified to provide information to conduct inspecti&. 
the Director regarding the safe storage level of a reservoir if 4. Inspections under subsection (A) shall comply with the 
the engineer: reqnirements of AR.S. 8 41-1009. 
1. Meets the criteriain R12-15-1202(11); 
2. Has 3 years of experience in the field of dam safety; and Hlstorleal Note 

3. Has actual experience in conducting dam safety inspee New Section adopted by final mlemaking at 6 A A R .  

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

C. A dam safety inspection includes: R12-15-1220. ExistingDams 
1. Review of previous inspections, reports, and drawings; A. The requirements of this Article apoly to existing dam,  except 
2. lnsoection bf the dam. ioillwavs. outlet facilities. s&we as ~mrided  in subsections IB) and ih .  

- 
. .  . .  . . -  . . 

control, and msasuremenl sysbms: B. lfjhc Vinxlor has determined that an oxisring dam is in a safe 
3. Inspection of any permanent monumznt or monitoring condition, Le owner is not re'luirul to comply with R12.15- 

inslnllations: 1216 unless the Director dotennines that it is wst effective b 
4. ~ssessnlentof all parts of 111s dam that we related to the upgrade the dam to con~ply wilh the requilrments of R12.15. 

dm's  safely; und 1216 at the tirm a major alteration or major rcpair is planned, 
5. A recornrnendation recarding the uk stomae levcl of the In delernlinim whether it is cost effective to u~rr;lde a dam. - - - 

reservoir. 
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 reo  
ommendation of the safe storage level. The engineer shall use 
a report form approved by the Director. 
Inspections by the Owner If the Direcior has detenhed that a damis in an &safe wndi- 
1. An owner may provide to the Director, at the owner's ~ ~ i ~ $ ~ e r , ~ h , $ , ? m ~ ' ~ ; ~ $  @e ~ ~ r e m ~ n t s  in R12-15- 

emense. a safetv insoection reoort that comolies with the a e O W e ~ l s  n6tieduued.toconilil~'with a.iM,*+enii:"t V . , . ~ ~ ~ ~~~~~ r-, - ~ - -  7----------- . 
mpilrn~zncj ol'subscctions (0). (C), and (I)) in place of ip this Article if the Director hnds thal, co"sidering the site' 
an inspection by lhe 1)eparIment. The owner's engineer chaia&dsti$s and the proposed dwign;tbc reqllliemcnt is. 
shall notify the Director and submil a rvrittcn summ.try of uiidui$hurdenwme or apcnsive and is not necescaj to p m  
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tect human life of property. 'Ehe Ihrector shall consider the 
size, hazard potential classification, physical site conditions, 
and apphcability of a requirement to the dam. The Director 
shall itate in wdtine thereason or reasons the owner is not - 
required tocomply witlt a requilrmcnt. 

U. 'The owner shall ensure that installatiun of utililics henwth or 
through an existing dam is accomplished by open cuts or jack- 
ing and boring methods. 

Historical Note 
New Section adopted by final rulemaking at 6A.A.R. 

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

R12-15-1221. F:mergency Action Plans 
A. Each owner of a high or significant h x d  putrntial dam shall 

prepare, maintain,-and mkrcise a wdtten-emergency action 
plan for immediate defensive action to prevent failure of the 
dam and niinimize any threat to downstteam development. 
The emergency action plan shall contain a: 
1. Notification chart showing the priority for notification in 

an ememenw situation. The owner shall notifv local - - 
emergency response agencies, affected downs& pop 
ulations, county emergency management agencies, and 
affected flood control dishicts; 

2. Description of the demand reservdr and scope of the 
emergency action plan; 

3. Delineation of potentially unsafe conditions, evaluation 
mocedures. and hieeerine events that muire the initia- 
ion of or fseme&ency notifica~on procedures, 
based on the urgency of the situation; 

4. Delineation of areas of responsibility of the owner and 
other parties. The emergency action plan shall clearly 
identify individuals responsible for notifications and 
declaring an emergency; 

5. Specific notification procedure for each emergency situa- 
tion anticipated: 

6. Description of emergency supplies and resources, equip- 
ment access to the site, and alternative means of cornmu- 
nication. The emergency action plan shall also identify 
specific preparedness activities required, such as annual 
full or partial mock exercises and updates of the emer- 
gency action plan, and 

7. Map showing the area that would be subject to flooding 
due to spillway flows and dam failures. 

B. The owner shall use the Director's model emergency action 
plan, which is available at no cost or an equivalent model, for 
guidancein preparing the emergency action plan. 

C. The owner shall submit a c o ~ v  of the moosed ememencv . , . . - .  
action plan for review by the Arizona Division of Emergency 
Management and all local emergency coordinatorsinvolved in 
the The owner shall incoGor& appropriate recommen- 
dations generated by the reviews and submit the revised emer- 
genw action plan to the Department. 

D. The bwner sl;all review and update the emergency action plan 
wnually or morc frqucnUy to incorporate changes such nr 
new personnel changing roles of emergency agencies, emer- 
gency response resources, conditions of the dam, and informa- 
tion learned from mock exercises. The owner shall send 
updated portions of the plan to persons and agencies holding 
copies of the plan within 15 days after preparation of an 
update. 

Historical Note 
New Section adooted bv final rulemakine at 6 A.A.R. 

2558, effective ~ & e  12,2WO (Sup; 00-2). 

R1215-1222. Right of Review 
A. An applicant or owner aggrieved by a decision of the Director 

regarding the determination of hazard classification, jurisdic- 
tional status, or the Director's a~vlication of this Article mav . . 
scck 1.-\lew uf an appealable agency acliun unJcr A.R.S. litle 
41, Chaptcr 6, Adclc 10. 

B. An applicant or owner xggricvd by a decision of the Director 
that wluires the exercise of proi~siur~al enginwring judgment 
or Jiscretion or the assecsment of risk to human life or omp 
erly, such as the adequacy of an applicant's project doc&- 
tation, dam design, safe storage level, requirements for 
existim dams, or maintenance, may seek review by a hoard of 
rcview- under^.^.^. $545-1210akI45-1211. . 

C. The following actions are not subject to mview: 
1. Enorrencv musure: wkcn under A.R.S. $ 8  45.1212 or . . 

45-1221. . 
2. Agency decisions made under A.R.S. $9 41-lW9(E) or 

m. 
3. Agency actions made exempt from review by law. 

Historical Note 
New Section adopted by final rulemaking at 6 AA.R 

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

R12-15-1223. Enforcement Authoritv 
A. The Department may exerciseits discktion to take action neo 

essary to prevent danger to human life or properly. The Direc- - -  ~ 

tor mav take anv legal action that is Droner and necessarv for 
a - 

the eniorcemeniof &is Chaoter. ~~ ~~~ ~ 

B. If the Director has cause to believe that a dam is unsafe or a 
person is violating or has violated a provision of this Article or 
A.R.s. Title 45. Chanter 6. Article i. the Director mav issue a . . 
notice directing the owner to remedy the safety deficiency or 
correct the violation. The owner may appeal a notice issued 
under this subsection as an aooealable aeencv action in accor- 
dance with A.RS. Title 41, diapter 6, P;licli 10. If the owner 
does not appeal within 30 days after the date on the notice, the 
notice he&&% final and &v be incornorated as a condition 
of any license based on the dkation of t ie requirement. 

C. If the Director has cause to believe that a dam is unsafe or a 
tierson is violating or has violated a ~rovision of this Article or 
;\ R S Title 45. &aptcr 6. Article 1: rhc IXrator may proceerl 
under A K S. 3 45.1221 to inltitr.: A cunkstd case under 
A.R.S. T~tle 41. Chaotcr 6.  Aniclc 10 bv rauesting an admin- . - - 
istrative he&. - 

D. Following a written decision by an adndnistrative law judge, 
the Director shall issue a decision and order acqling, reiect- 
ine. or modifvine the administrative law iudee's decision. -. , - 
Upon expiration of time to appeal the d-in and order 
becomes final and may be incorporated as a condition of any 
license based on the duration of the requirement. 

E. If the Director has cause to believe that a dam is unsafe or a 
person is violating or has violated a provision of this Article or 
A.RS. Title 45, Chapter 6, Article 1 the Director may com- 
mence an action in a court of appropriate jurisdictionif: 
1. The violation is an ememency reqnirin~ avorovliate s t e ~ s  . . . 

to bo hlkrn without delay; or 
2. Thz Dimtur has c a u ~  tu believe that use of the adminir- 

trative procedure would be ineffective or that delay 
would ensue and a deterioration m the safety of the dam 
would occur. 

F. If the Director unmnences an action it shall be brought in a 
court of appropliate jurisdictionin which: 
1. 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. 
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G A person determined to be in violation of this Article; A.R.S. 
liUe 45, Chapter 6; a license; or order may be assessed a civil 
oenaltv not exceedine $1.000 oer dav of violation. The Direo . , - .  . 
tor m y  uffcr evidence nclating tu lhc mount of the penally in 
accordance wilh A.K.S. p 45-1222. 

H. A violation of A.R.S. T~tle 45. Chapter 6, Article 1 regarding 
Supervision of Dams, Reservoirs, and Projecuis a class 2 mi- 
&meanor,in a x o r h a :  with A R  S. Q 55-1216. 

Hlstorieal Note 
New Section adopted by final rulemaking at 6 A.A.R. 

2558, effectivelune 12,2000 (Supp. 00-2). 

R1215-1224. Emergency Procedures 
A. The owner of a dam shall immediately notify the Department 

and responsible authorities in adjacent and downstream com- 
munities, including ememencv management authorities, of a 

4. The Director may institute legal or administrative pro- 
ceedings that the Director deems auuropriate for viola- 
tions i f  the emergency approval 0; conditions of the 
emergency approval. 

Historical Note 
New Section adopted by final rulemaking at 6 AA.R. 

2558, effectivelune 12,2000 (Supp. 00-2). 

R12-15-1225. Emergency Repairs 
A. The Director shalluse monies from the dam repair fund, estab- 

lished under AILS. 5 45-1212.01 to employ any remedial 
measure necessary to protect human life and property resulting 
from a condition that -tens the safetv of a dam if the dam 
owneris unable or unwilling to takeaction and thereis not suf- 
ficient time to issue and enforce an order. 

B. The dmntv director mav authorize an exoenditure not to 
condition that mafthreat& th: wielfor the dam. The uwntr exceed b l 6 , 0 ~  frou~ thLrlam wp3ir fund fhr remedial mea- 
shall take n ~ e s s a ~ y  actions to pmtrct human life and property. sllrcd under A.R.S. 5 45-1212. The cxpmdilure of any addi- 
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. Slidine of uostream or downstream slooes or abut- - .  

ments contiguous to the dam; 
b. Sudden subsidence of the top of the dam: 
c. Longitudinal or transverse calmking of the top of the 

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

or face of the dam; 
e. Other unusual conditions at the downstream slope of 

the dam; 
f. Signiiicant landslides in the reservoir area; 
g. Increasing volume of seepage; 
h. Cloudy seepage a recent deposits of soil at seepage 

exit pints; 
i. Sudden crackine or disvlacement of concrete in a 

concrete or mas&y da& spillway or outlet worlrs; 
i. Loss of freeboard or dam cross section due to storm 

wave erosion: 
k. mood waters bvertopping an embanbent dam; or 
I. Spillway backcutting that threatens evacuation of 

the reservoir. 
2. In case of an emrrgen&y, Ihe owner shall tckphone the 

A~i-rona Dcpanmcnt of Public Safety's emergency num- 
bers at (800) 4 11-2336 or (602) 223-2000. 

B. Thc Dircctorshah issue an cm~.rb .cn~~ approval lo tepur, alter, 
or rcmuve an existing dam if the Dincctor finds that immediate 
remedial action is necessanr to alleviate an imminent threat to 
human life or property. 
1. The emergency approval shall be proridedin writing on a 

fom develod  for this D m s e .  
2. The emerg&y appro& 'may contain conditions the ' Director determines are appropriate to protect human life 

3.  he emergency approval is effsctive tmmdatcly for 30 
days after notice is issued unless extended in writing by 
the Dinxtor. The Director shall also scnd notice to the 
county flood contrul disttict of ihc county in which the 
d m  is located, all rnu~cipalities within 5 miles down- 
sucam of the clam, ;ind any add~tional persons identified 
in the emergency action 

tional funds shall be avvroved bv the Director. 
C. The Director shall hoida tien aidnsl all property ofthe owner 

inaccordance with A.R.S. p 45.1212. 

Historical Note 
New Section adopted by final rulemaking at 6 A A R .  

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

R12-15-1226. Nuo-Emergency Hrpaln; Luam and (;rants 
A If the Director determina that a dam tepresents a rhmt lo 

human life and vrooertv but is not in an ehereencv condition. 
the Director may ise the dam repair fund, Gtabished unde; 
A.RS. g 45-1212.01, asprescribedin this Article to defray the 
wsts of repair. 

B. Momes from the dam repair fund may be used for loans and 
grants to owners as provided in A.R.S. pp 45-1218 and 4 5  
1219. 

C. To aualifv for a loan or erant from the dam reoair fund. a dam , - 

sh& be Gassified as uncafe by the Director. ' 
D. The Director may authorize grant funds for all or part of the 

cost of engineedng studies o; constmctiou needed to mitigate 
the threat to human Efe and property mated by a dam. 
1. The Director and the grantee shall execute a financial 

assistance agreement that includes terms of financial 
assistance, the work progress, and payment schedule. 

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

3. The Director shall establish apriority ranking for grants 
based on factors including the potential for failure of a 
dam, the number of lives at risk-and the caoabilitv of the 
owner to oav a oortion of the cost.. . , .  ~-~~~~ 

E. The Director may luan funds for engin%,ring sludics or for all 
or part of consl~crionar prcs~rih-din A.K.S. g 45.1218. 
1. Thc Director and the dam uwncr shall exuute a loan 

tepayment agrwmznt. The luan tvpayment agreenlent 
shill be delivered to and helJ by the Lkpamcnt. 

2. Thc Direclor shall rjublish a priurily ranlanl: fur lo;mns 
Inzed on faclori including the potential for failure of a 
dam, the number of human livesat risk, and the caoabilitv 
of the owner to pay a portion of the costs. 

Historical Note 
New Section adopted by final rulemaking at 6 A A R .  

2558, effectiveJune 12,2000 (Supp. 00-2). 

Supp. 00-2 Page 72 June 30,2000 



Woodmatel 

Soook Hill ADMP 
Flood Control District of Maricopa County 
m 9 9 - 4 3  

6 L F  
May 8,2001 
W E  # 99989 

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 - onsite source $2.50 CY 2,550,000 $6,375,000 

3 Backfill - offsite source 

lhf~(~+d 
4 6' Concrete lined channe 

A 

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

6 Drop inlet & slope drain @ 500' O.C. $12,550 EA 38 $476,900 

7 Low flowlmaintenance 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 
Engineering 
Construction Admin 

TOTAL MAJOR ELEMENTS $77,438,377 

TOTAL $77,438,377 



Woodmatel 

Crude Concent: Red Mountain Freewav cutliill auantitv estimate for drainaee desien 
End Area 

Notes: 1. 'A shrinkage factor of 25% has been applied to material excavated on site to determine the compacted volume. 
2. The Section stations correspond to the sections defined in the Red Mountain Freeway Design Concept Report by Panans BrinckerhoR 

Shrinkage: 25.00% 















Sect ion 1 















Spook Hill ADMP May 10,2001 
Flood Control District of Maricopn County WIP # 99989 
FCD 99-43 

Crude Cost Estimate for Drsinaee Facilities reanired for the Red Mountain Freewsv 
Option 2 AIMwa 

w-= 
Non-jurisdictional Option 4 

A 

IIIAJOR ELEMWVTS: 
+.e~ey of 6 e e ~ 4 /  

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
I Excavation $2.50 CY 1,754,383 $4,385,958 

2 Compacted fill - onsite source 

3 Compacted fill - offsite source 

4 6Concrete lined channel 

5 16' Service road (ABC) 

6 Drop inlet & slope drain @ 500'0.C. $8,500 EA 38 $323,000 

7 Low flow/maintenance access road $84 LF 0 $0 

8 457' Bridge at McDowell Road $75 SF 42,958 $3,221,850 

9 521' Bridge at McKellips Road $75 SF 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 o f m  $0 SF 0 $0 

14 Signal Butte Principal Spillway Modifications $177,675 LUMP 1 $177,675 

15 Signal Bune Outfall Channel $490,700 LUMP I $490,700 

16 Spook Hill Floodway $6,284,000 LUMP 1 $6,284,000 

17 Offline Detention Facility Appwenances $100,000 LUMP 1 SiO0,OOO 

SUBTOTAL MAJOR ELEbEWS $36,014,318 

CONTINGENCIES: 
Construction 20% $7,202,864 
Engineering 3.5% $1,260,501 
Consmaion Admin 3.5% $1,260,501 

TOTAL MAJOR ELEMENTS $45,738,183 

ADDIlTONAL ELEMENTS: 

ITEM DESCRIPTION WNT PRICE UNIT QUANTITY AMOUNT 
1 McDowell - Option 2E $8,170,777 LUMP 1 $8,170,777 

2 McKeliips - Option 2E $3,297,247 LUMP 1 $3,297,247 

SUBTOTAL ADDITIONAL ELEMENTS $1 1,468,024 

CON7lNGENCIES: 
Consmetion 35% $4,013,808 
Engineering 7% $802,762 
Consmction Admin 6% $688,081 

TOTAL ADDITIONAL ELEMENTS $16,972,676 

TOTAL $62,710,859 



WoodPatel 

Soook Hill ADMS Uodale 
Flood Control District of Maricopa County 
FCD 99-43 

Suook Hill Floodwav Channel Desien 
File: New-Geo 

Revised Incised Concrete Channel with Gabion Outlet 

August 9,2001 
WIP # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Concrete Channel $310 CY 14,300 $4,433,000 

2 Channel Excavation $4 CY 68:OOO $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 $6,184,000 

CONTINGENCIES: 
Construction 
Engineering 
Construction Admin 

TOTAL MAJOR ELEMENTS $9,152,320 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Box Culvert Removal (Thomas Rd) $100,000 Job 1 $100,000 

2 Utility Relocations (W & S) $8,000 EA 0 $0 

SUBTOTAL ADDITIONAL ELEMENTS $100,000 

CONTINGENCIES: 
Construction 
Engineering 
Construction Admin 

TOTAL ADDITIONAL ELEMENTS $148,000 

LAND ACOUISITION: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Channel Land Acquisition $0 AC 0.00 $0 

2 Basin Land Acquisition $0 AC 0.00 $0 

SUBTOTAL LAND ACQUISITION $0 

TOTAL LAND ACQUISITION $0 

TOTAL $9,300,320 

W:\1999Prq'ecrs\99989-Spook HIII ADMP UpdoelSpreadsheefslCosr EstrmotesiAlternative Cosr AnolyssUevel Illlipok Hill Fm Chonnel Design N o u _ G e ~ . ~ l ~ -  
Eorrhen Channel 



Woodmatel 

Suook Hill ADMS Uudate 
Flood Control District of Maricopa County 
FCD 99-43 

Sienal Butte Princioal Soillwav Modification 

August 9,2001 
W P  # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIFTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Concrele Spillway (Inlet, box ,oullet, etc.) $450 CY 20 1 $90,585 

2 Grouted Riprap $45 SY 645 $29,025 

3 Handrail 

4 Fence 

5 Walkway 

6 Removals (Spillway, Riprap, Headwalls, etc.) $50,000 EA 1 $50,000 

SUBTOTAL MAJOR ELEMEh rS $177,673 

COh'ZliVGENClES: 
Construction 35% 562,186 
Engineering 7% $12,437 
Construction Admin 6% $102661 

TOTAL MAJOR ELEMENTS $262,959 



PROJECT - e ' C  U1.V NO. -- 



Soook HiNADMP May 10.2001 
Flood Control District of Maricaps County WIP # 99989 
FCD 99-43 

Crude Cost Estimate for Drainme Fscilitien rewired for the Red Mountain Freeway 
Option 2 

Non-jurisdietionsl Option 6 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Excavation $2.50 CY 1,300,383 $3,250,958 

2 Compacted fill - onsite sowee $2.50 CY 1,237,883 $3,094,708 

3 Compacted fill - offsite source $6.50 CY 421,015 $2,736,598 

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

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

6 Dmp inlet & slope drain @ 500'0.C. $8,500 EA 38 $323,000 

7 Low flowlmaintenance access mad $84 LF 0 $0 

8 457'Bridge at McDowell Road $75 SF 42,958 $3,221,850 

9 521tBridge at McKellips Road $75 SF 48,974 $3,673,050 

12 7341 8 8  Bridge over UIeEmergency Spillway $65 SF 39,636 $2,576,340 

13 Common dement - Bridge at South end ofFRS $0 SF 0 $0 

14 Signal Butte Principal Spillway Modifications $177,675 LUMP I $177,675 

I5 Signal Butte Outfall Channel $490,700 LUMP 1 $490,700 

16 SpwkHill Floodway $6,284.000 LUMP 1 $6,284,000 

17 Pass Mountain Alternative $3,035.989 LUMP 1 $3,035,989 

18 Off line Detention Facility Appurtenances $50,000 LUMP 1 $50,000 

SUBTOTALMAJOR E m s  $39,227207 

CONTINGENCIES: 
construction 
Engineering 3.5% $1,372,956 
Construction Admin 3.5% $1,372,956 

TOTAL MAJOR ELEMENTS $49,818,679 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
I McDowell - Option 2E $8,170,777 LUMP 1 $8,170,777 

2 McKellips - Optian 2!3 $3297,247 LUMP I $3,297,247 

SUBTOTAL ADDITIONAL ELEMENTS $1 1,468,024 

CONTINGENCIES: 
Construetion 35% $4,013,808 
Engineering 7% $802,762 
Construction Admin 6% $688,081 

TOTAL ADDITIONAL ELEMENTS $16,972,676 

TOTAL $66,791,355 







W:\1999Projects\99989-Spook Hill ADMP Update\Spreadsheets\CostEstimatesV\ltemative Cost Analysis\Level il\Off line basin estimate JDS.xls 

V 

TOP 
Width 

(ft) 
400 

Cross Section Area 
Storage Total Cut 

(ft2) ( W) 
Length 

(ft) 

Volume 

3669.8 161,333 100 725,973 

Length 
(ft) 

1187 5341.3 

Storage 
(yd3) (ac-ft) 

5504.6 242,000 150 1,088,959 

Total Cut 
(yd3) 

Volume 
Storage 

(yd3) (ac-ft) 
Total Cut 

(yd3) 



Sect i on  C2 

Sect  Ton C3 

Sec t  i on  C4 

./Kenney Topo/jeff s t u f f 2 . d ~  May. 10, 2001 09:23:15 



McKel l ips 

... /Kenney Topofjeff stuff2.dgn May. 10, 2001 09:53:05 



Crude Conce~t: Non-iurisdictional channel cufffill auantitv estimate 
Fnd Area 

I Section I Section I Graund I Ground 1 Channel Area 1 Cut I Sloue I ~ l o i e  I Required I Available I 

- - - . .. . - 

I Channel Area 

Below I Above 

~~ 

Totals: 19,200 935,386 100,169 114,997 1,050,383 31,352 1,895 33,247 787,787 

(Station) 
fl 

21500 
2 4 W  
30500 
37500 

Notes: 1. *A shrinkage factor of 25% has been applied to material excavated on site to determine the compacted volume. 
2. The Senion stations correspond to the sections ddined by the Woodmatel initial Spook Hill FFS Channel Design. 

Shrinkage: 25.00% 

Additional 

Cut above 

Length 
fl 

2200 
7WO 
7500 
25M) 

Total 

(Al) 
ff 

1300.00 
1291.50 
1505.41 
825.74 

Channel Berm 

Down 1 UD 

(A2) 
fl' 

0.00 
8.50 

94.59 
774.26 

Fill Fill 

(A3) 
f12 

460.48 
189.40 
102.14 
0.00 

(A1+.43) 
fl' 

1760.48 
1480.90 
1607.55 
825.74 

(A4) 
fl' 

0.00 
5.46 
16.79 

272.94 

(A5) 
fl= 

0.00 
0.00 
0.00 
20.47 

(A4+A5) 
fl= 

0.00 
5.46 
16.79 

293.41 

(-25%) 
f12 

1320.36 
11 1'0.68 
1205.66 
619.31 
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RELOCATED LOW CONSTRUCTED FREEWAY SPOOK HILL FLOOD C.A.P 
FLOW CHANNEL BERM I RETARDING STRUCTURE CANAL 



MARICOPA COUNTY 

"0-s2 SUPERELEVATED SECTION 
L T S .  
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RED MOUNTAIN FREEWAY 
MAINLINE TYPICAL SECTIONS 



RED MOUNTN FREEWAY 
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