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Watershed 
The dam was constructed across Casandro Wash, a tributary to the Hassayampa River. 
The drainage area contributing to the dam is 3.0 square miles. 

Flood Pool 
The spillway crest was constructed at an elevation of 2155 feet, with a reservoir capacity 
of 143 ac-ft. The peak volume inflow into the reservoir during the 100-year flood, 
estimated to be156 acre-feet. 

Dam Embankment 
The dam is a homogenous earth fill dam with a chimney drain with 3:l (horizontal to 
vertical) slopes upstream and downstream. The embankment slopes are protected from 
slope erosion by a blanket of gravel mulch. 

Principal Outlet Works 
The low flow outlet is a 36-inch reinforced concrete pipe with a 1.4 square foot orifice 
plate. The orifice is sized to discharge approximately 20 cfs at the time of the 
downstream watershed hydrograph peak at the storm drain inlet. The orifice will 
discharge approximately 30 cfs during the 100-year flood event. (CH2M Hill, 1995c) 

Emergency Spillway 
The emergency spillway was designed to pass the 112 PMF with 3 ft of freeboard with a 
crest elevation of 2155 ft. The emergency spillway is an 80 foot wide, elliptical crest 
with a 3:l slope to the downstream chute. The design hydraulics for the emergency 
spillway indicated that a discharge of 120 cfs for the 100-year flood will occur. 
However, a subsequent hydrologic routing for Casandro Wash Dam conducted as part of 
the Casandro Wash LOMR indicated no discharge from the emergency spillway during 
the 100-year storm event. 

1.2 Hydrologic and Hydraulic Considerations 

Casandro Wash Dam was analyzed and designed on behalf of the Flood Control District 
by the engineering consulting firm of CH2M HILL from January 1994 through the 
October 1995. Design report documentation indicates that the dam and detention basin 
were designed to "require the 100-year event be substantially detained below the spillway 
elevation andlor the maximum outflow be less than or equal to the hydraulic capacity of 
the proposed storm drain to be constructed downstream of the dam". The concept for the 
dam was part of the flood control recommendations identified in the Wickenburg Area 
Drainage Master Study. 

The 100-year design event was used to size the principal spillway and reservoir volume. 
The principal spillway consists of an inlet structure with trash rack and a 36-inch 
diameter reinforced concrete pipe (RCP). The inlet structure is fixed with a 16-inch 
orifice plate over the entrance to the 36-inch diameter RCP. The 36-inch RCP is also 
fixed with a 24-inch gated orifice in the event that the lower orifice is clogged with debris 
or in the event extra hydraulic capacity is needed in the principal spillway. 
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According to the CH2M HILL final design report, the Casandro Wash Dam Inflow 
Design Flood (IDF) for emergency spillway capacity is the routed !h probable maximum 
flood (PMF). The top of dam elevation was set to safely pass the routed PMF with no 
freeboard on the dam. 

Most notable of the design hydrology assumptions is that the hydrology was based on 
future land use conditions in the upstream contributing watershed. The June 1994 
Concept Report states that the "future watershed conditions assume 100 percent build-out 
according to the existing zoning in the watershed to account for potential changes in 
runoff rates over the long design life of the detention dam". 

The Final Design Report documents the following as the final design hydrology: 

The emergency spillway crest elevation is 2155.0 ft. Note that in this February 1995 
report, discharge in the emergency spillway occurs for the 100-year storm event. The 
proposed top of dam elevation in this report was reported as 2163.5 feet. 

An additional hydrologic routing analysis for the detention basin was conducted based on 
clogging of the low level outlet. This additional hydrologic routing was requested by 
ADWR. The results of the inlet clogging water surface elevations for the 100-year and !4 
PMF are presented in the following table. 

A "final" '/z PMF routing was prepared in 1995. The final HEC-1 model assumed the 
low flow inlet to be clogged. The peak stage reached in the reservoir for the routed flood 
was 2160.29 ft with a discharge of 3744 cfs. 

In September 1996 a technical data notebook for a Letter of Map Revision (LOMR) for 
Casandro Wash was completed. The limits of the LOMR were from the dam 
downstream to Sols Wash. The purpose of the LOMR was to re-delineate the 100-year 
floodplain and floodway downstream of the dam and to incorporate the revised hydrology 
impacts due to the presence of the dam and reservoir pool. The LOMR study conducted 
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new 100-year hydrology for the dam based on the District's revised hydrologic methods 
at that time. The results for the 1996 study 100-year flow are provided in the following 
table and compared to the final design hydrologic results. 

The results of the LOMR hydrology indicate that no discharge occurs for the 100-year 
storm event through the emergency spillway which is contrary to the results of the final 
design hydrologic investigation. The estimated 100-year peak discharges in Casandro 
Wash resulting from the hydrologic analysis from the LOMR study are lower that the 
estimates made in previous studies. The LOMR study states that the District published 
an addendum to the hydrology manual which suggested that directly connected percent 
impervious parameters that were lower than those used in the previous three studies for 
most land uses. The LOMR study states that this was the only significant hydrologic 
difference between the various hydrology models. 

Kimley-Horn prepared a preliminary K PMF and PMF hydrologic model using the 100- 
year HEC-1 LOMR model as a base. The purpose was to rerun the K PMF and PMF to 
evaluate the effects of the revised hydrology methods used in the LOMR study on these 
storm events and routing through the dam. The results of the modeling are provided in 
the following table. 

Storm 
Event 

% PMF in 

The ramifications of the results in the above table indicate less flow into and out of the 
dam using the LOMR model. The major result for the PMF event shows that overtopping 
is incipient for this storm event. 

PMF in 

PMF out 
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I 

Water surface 
elevation [ftl 

d a  

Flow lcfs] 

1279 

8603 

7524 

1094 1 

9256* 

Water surface 
elevation [it] 

nla 

nla 

2163.41 

n/a 
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Geologic Setting. Casandro Wash Dam is located in hilly terrain within the northeast- 
central portion of the Sonoran Desert section of the Basin and Range Physiographic 
Province near its boundary with the Arizona Transition Zone Section. The latitude and 
longitude of the center part of the structure is approximately 33' 58' 04" N and 112" 44' 
54" W based on NAD 27 datum. This portion of the Basin and Range is characterized by 
broad alluvial fans that are locally dissected and gently sloping connected valleys 
bounded by high, rugged northwest, north, and northeast trending mountains including 
the Date Creek and Weaver Mountains to the north, the Vulture Mountains to the south 
and the Wickenburg Mountains to the east that rise abruptly to form broad, elongated, 
deep, sediment-filled valleys produced by block faulting and folding during past episodes 
of mountainrbasin bounding fault movements (Cooley, 1977). The dam, which is astride 
Casandro Wash north of the U.S. Highway 60 alignment, is within the town limits of 
Wickenburg, Arizona off the northeastern flank of the Vulture Mountains. 

Seismicity. A seismicity assessment was conducted as part of the Casandro Wash Dam 
design analysis. Based on the design engineer's review of seismic design criteria from 
various source, 0.1 g was selected as a "reasonably conservative" peak design 
acceleration. 

The deterministic and probabilistic analysis of seismic hazard affecting the Casandro 
Wash Dam area was conducted by the District to establish seismic attenuation 
relationships and the maximum probable earthquake. The closest Quaternary age fault is 
the Sand Tank Fault located about 77 miles south of the site. According to the District 
report the maximum credible earthquakes for this fault source ranges between M6.2 and 
M6.6. The background earthquake, which is estimated to have a higher maximum 
magnitude of M7.2, was applied to the regression relationship to derive the horizontal 
ground acceleration. The recommended peak ground acceleration calculated for the 
Casandro Wash Dam area, based on the background seismic source, is 0.10 g (1 0 percent 
of gravitational acceleration) which is the same design value selected by the design 
engineer. 

Land Subsidence. No unconsolidated, compressible basin fill soils are believed to be 
present beneath the Casandro Wash Dam. The subsurface geological conditions in the 
embankment dam area, consists of relatively hard, cemented Tertiary age fanglomerate 
and in the subsurface deposited on crystalline bedrock indicate the potential for land 
subsidence due to groundwater withdrawal does not exist at the Casandro Wash Dam site. 

Earth Fissures. No earth fissures, related to land subsidence, are documented nor 
reported as occurring within the Casandro Wash Dam project area. Geological 
conditions in the Casandro Wash Dam area preclude the development of earth fissures at 
this site. 
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Foundation Conditions. The Geotechnical Report described the foundation soils in the 
main channel section as alluvial deposits overlying dense, carbonate-cemented sands and 
gravels. The surficial, uncemented soils were characterized as gravelly, well-graded 
sands with varying amounts of silt or clay. The upper soil layer was further described in 
the Geotechnical Report as dry, medium-dense to dense sands, with approximately 10 to 
15 percent gravel and less than 10 percent low plasticity fines. The upper layer varied in 
thickness from 5 to 12 feet within the basin area, and 16 to greater than 20 feet in the dam 
foundation. The materials underlying the upper soil layer were characterized as more 
gravelly, very dense or cemented, and containing fewer fines. 

Embankment Materials. The design consists of a homogeneous embankment (Zone I) 
and 4-foot wide, central vertical chimney filtertdrain (Zone 11). The vertical filterldrain 
extends 6 feet into the foundation below the base of the fill in the keyway, and is 
interconnected to four finger drain outlets (Zone 11) that daylight at the downstream toe. 

The Zone I materials were assumed to be comprised predominantly of gravelly sands 
with less than 10 percent silty fines. The designers included a substantial, pervious 
chimney drain in their design to control the anticipated high quantities of seepage through 
the Zone I. The drain material (Zone 11) was specified to consist of clean granular 
material with a permeability of 1 footfmin (0.5 cmlsec). Filter compatibility for Zone I1 
with Zone I base soil was a consideration in the drain material design, but the designers 
considered drainage, not filter protection, as the primary function of the chimney drain. 

It is evident based on review of the design assumptions, original field and laboratory 
investigation results, and construction records, that the materials used to construct the 
dam are moderately different from the materials that were the basis for design and 
construction specifications. Actual Zone I materials used in construction were silty or 
clayey gravelly sands with between 10 and 24 percent, low plasticity fines. The 
designers had assumed Zone I materials would be predominantly sands with less than 
10% silty fines. As a consequence, the results of seepage analyses used to develop 
specifications for the Zone I1 filtertdrain material may not be representative of the 
conditions that are now expected in the field. 

FilterIDrain Design and Construction. A vertical filtertdrain system was installed in 
the embankment for the purpose of controlling seepage during water impoundment 
events. The filterldrain system was designed based on the assumption of full 
impoundment for sufficiently long time periods to result in full development of steady 
state seepage through the embankment, using permeability assumptions obtained from 
the original field and laboratory investigation (CH2M Hill, 1995a). 

Drainage Capacity. Seepage analyses were performed using an analytical approach and 
a "simple Darcy's Law seepage model" to estimate how quickly seepage would penetrate 
into the dam during impoundment events. The Darcy seepage model assumed one 
dimensional horizontal flow and was used to estimate the rate of advancement of the 
seepage line towards the drain. Assuming the reservoir pool remained full throughout the 
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period of infiltration, the results indicated that water would reach the drain within 5 to 10 
days. 

Drain capacity requirements were then determined based on estimates of the quantity of 
seepage from a flow net constructed for the upstream Zone I section with the drain as the 
vertical discharge face and the high pool elevation on the upstream slope as boundary 
conditions. The assumptions implicit in this calculation are steady seepage and isotropic 
hydraulic conductivity k = 5 X 10" c d s .  Based on these assumptions, the quantity of 
flow into the chimney drain was computed as approximately 1 gpmlft of drain. For a 400 
ft long drain the total estimated steady-state flow was approximately 400 gpm. 

As part of this Individual Structures Assessment, the Kimley-Horn team performed 
preliminary seepage analyses which indicate that under normal flood scenarios, steady 
state seepage will not develop in Casandro Dam. Therefore, the vertical filterldrain 
should see very little to no discharge from the upstream Zone I if the reservoir is drained 
within 10 days following flood impoundments, as anticipated. It is important to 
understand however that, because of the limited capacity of the finger drains, the overall 
drainage capacity of the internal filterldrain system is on the order of only about 34 gpm. 
This is substantially less than the designer's intended drain capacity of about 1,120 gpm. 

Filter Criteria. The original design intent for the central filterldrain was to serve as both 
a protective filter and as a drain, with its primary function believed by the designers 
(CH2M Hill) to be as a drain because of the expected high permeability of the 
embankment materials. In actuality, the primary benefit of the Zone I1 vertical filterldrain 
is as a filter to protect against piping of Zone I in the event that transverse cracks develop. 

The gradation band specified in the project contract documents was designed in 
accordance with the NAVFAC guidance document for both filtering and permeability 
considerations. To achieve the desired kmin = 1 ftlmin characteristic, the designers 
established the filter band such that it met the filter requirements, but also encompassed 
typical gradation curves for granular drain materials that meet the permeability 
requirement. 

During construction the contractor had some difficulty meeting the specified kmin = 1 
ft/min requirements for Zone I1 filter, and there was considerable discussion in the project 
correspondence regarding this issue. Following the initial trials, the engineer of record 
checked the filtering recluirements for the revised Zone I gradations using the current - A 

methodology and developed a revised filter band. ~ l t i m a t e l ~ ,  the hydra;lic conductivity 
requirement was reduced to 0.8 ftlmin, which allowed the contractor to meet the modified 
specification while staying within the revised gradation band. 

In order to compensate for the assumed reduced hydraulic capacity, the cross-sectional 
areas of the finger drains were increased by 20 percent. It is assumed that the finger drain 
capacity as constructed is roughly equivalent to the capacity as calculated previously 
(approximately 34 gallmin) for the smaller finger drains with higher k. 
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Original Slope Stability Analyses. The designers evaluated the upstream slope for a ' rapid drawdown condition under the assumptions that a full phreatic line could develop 
up to the emergency spillway elevation, and that no dissipation of pore pressures would 
occur following instantaneous drawdown from full to a pool level corresponding to % the 
full level. This limitation on the instantaneous drawdown level achieved the required 
minimum factor of safety = 1.2. 

The pseudo-static analysis were done assuming a pseudo static coefficient = 0. lg. This 
coefficient is eclual to the estimated peak ground acceleration based on a review of 
existing regionil seismicity data and studies of known faults. 

Downstream slope stability was evaluated for both dry slope conditions (assuming the 
drain intercepts seepage) and an assumed steady seepage condition without the internal 
drain (phreatic line emerging on the downstream slope). Computed factors of safety were 
acceptable, even for the conservative seepage assumption for the 3H:lV slope. It is 
believed that the downstream slope inclination was controlled not by stability 
considerations, but rather by constructability considerations for the emergency spillway 
over the dam. 

Embankment Settlement. Settlement of the embankment and foundation was estimated 
using elastic theory. Compressions of between 1 and 1.3 inches were estimated for both 
the foundation and embankment, resulting in a total settlement of approximately 2 to 3 
inches maximum. To accommodate anticipated settlements, the designers recommended @ increasing the height of the dam by 6 inches. 

Erosion Protection below Emergency Spillway. The depth of the cutoff wall below the 
emergency spillway stilling basin was estimated using a procedure outlined in the 
District's Hydraulics Manual for estimating local scour hole geometry at outlet structures. 
To protect the stilling basin from undermining by scour during large flow events, the 
designers recommended incorporating an 8 f t  deep cut-off wall below the stilling basin. 

As-built drawings indicate the cutoff wall extends 11.5 ft below the ground surface, and 
about 5.5 ft  below the stilling basin slab. This wall extends around the end and both sides 
of the stilling basin. Also, a 4-ft deep riprap apron was constructed downstream from the 
stilling basin. The riprap extends across the 80-ft width of the stilling basin and an 
estimated 40 feet downstream from the structure. No riprap was placed behind the 
stilling basin walls on either side or this area may be vulnerable to erosion and scour 
during major flood events. 

Design Phase Site Investigation and Testing. The number of exploration pits and 
borings, number and types of samples collected, and number and types of laboratory tests 
that were done during the design phase were quite reasonable for a dam of this size. 
However, there were some deficiencies in the investigation program that are worth 
noting. A key issue was the evidently inaccurate characterization of the Zone I materials 
-the primary material used to construct the dam. The designers believed this material 
would be predominantly clean to slightly silty gravelly sand with less than lo%, non- 
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plastic fines. This assumption was based on the results of the laboratory test program. 
Shear strength and hydraulic conductivity parameters that were assumed for the design 
analyses were based on laboratory testing of these low fines content materials. 

The majority of Zone I materials that were encountered during the construction phase 
contained significantly higher amounts of low plasticity, clayey fines (>lo% up to 24%). 
The reason for this discrepancy is not totally clear from the project records. It is clear 
that the engineers of record for the construction phase were aware that this discrepancy 
could have had significant impacts on key design analyses, especially slope stability and 
filter design, and check analyses were done to ensure that essential criteria would be met. 
These check analyses included verification of the filter compatibility for the finer Zone I 
base soils using modem filter criteria. 

Zone I1 Chimney Drain. The designers assumed that full and rapid development of a 
phreatic line would occur within the dam during extreme flood events, and used this - 
assumption as primary justification for incorporating a high-capacity internal chimney 
drain in their embankment design. As constructed. the actual ca~acitv of the internal 
drain svstem is severelv constrained by the limited cross-sectional area and permeability 
of the Zone I1 finger drains. The evident design intent was that the drain system should 
have substantial hydraulic capacity, on the order of 3 times the estimated worst-case 
seepage estimate. This estimated design capacity was based on the outlet portion of the 
drain system comprised of two, 8-inch pipes. However, as constructed, these outlet pipes 
were not installed, and instead four granular finger drains were constructed to provide the 
outlets for the chimney drain. KHA could not locate any design calculations related to 
sizing of the finger drains. The KHA team independent calculation indicates that the 
total finger drain capacity is about 34 gallmin, which is substantially less than the 1120 
gallmin capacity of the outlet pipes assumed by the designers. 

The project reviewers and geotechnical engineer of record during construction recognized 
that the critical function of Zone I1 is not as a drain, but as a filter to protect against 
internal erosion and piping of the Zone I. Transient seepage analysis show that seepage 
into the chimney drain is likely to be minimal, even during extreme flood events, due to 
the limited impoundment times anticipated for this flood retention structure. 

1.4 Land Use 

Casandro Wash Dam is located in the Town of Wickenburg, Arizona. The surrounding 
land use is primarily single family residential, commercial, and office. The downstream 
residential area is almost fully developed. However, open space exists for further 
increased development. 

1.5 Field Inspection 

Casandro Wash Dam is regularly inspected by the District and the Arizona Department of 
Water Resources. The Kimley-Horn team inspected the facility as part of the Phase I 
Assessment. None of these inspections identified conditions that indicated an imminent 
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risk to the integrity of the structure. The structure is well maintained and appears to be in 
a satisfactory operable condition. 

1.6 Failure Modes and Effects Analysis 

Kimley-Horn conducted a FMEA for Casandro Wash Dam as part of the Phase I 
Assessment. The objective of the FMEA was to qualitatively assess the identified risks 
associated with potential failure modes to Casandro Wash Dam. 

The FMEA developed only one Category I and one Category I1 potential failure modes. 
These are: 

Adverse Consequences Resulting from Emergency Spillway Discharges During 
Major Rainfall Events (Category I). 
Seepage Erosion through Right Abutment. (Category 11) 

The potential failure modes range from a low likelihood of occurrence, high consequence 
to a high likelihood, low consequence. None of the potential failure modes have a high 
likelihood, high consequence. 

1.7 Recommendations 

The following additional studies and investigations are recommended based on updating 
existing studies, results of the FMEA, and other issues during the Phase I Assessment: 

1. An updated dambreak analysis and inundation mapping should be prepared for 
Casandro Wash Dam. . 

2. Kimley-Horn suggests that the number of EAP flowchart percent levels/actions be 
reduced and consolidated given consideration for the time to fill the impoundment 
during large event storms. 

3. A quantitative risk assessment for the facility will require development of stage- 
frequency and emergency spillway discharge frequency relationships. 

4. Probable Maximum Precipitation. Prepare PMPIPMF using 24-hr and 72-hour 
durations. Compare routings of these events to PMP 6-hr duration flood. 

5. Kimley-Horn recommends that an incremental damage analysis be conducted for 
Casandro Wash Dam to determine the appropriate inflow design flood (IDF). The 
current IDF is the !4 PMF. 

6. The intergovernmental agreement between the District and the Town of Wickenburg 
has established a flood zone downstream of the dam along Casandro Wash. This 
flood zone restricts the construction of habitable structures from within the flood zone 
of the emergency spillway flows. Kimley-Horn recommends reviewing the 
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boundaries of the flood zone with a current (2004) aerial photograph to locate 
structures within the flood zone and to monitor that structures have not been 
constructed in the flood zone. A comparison with earlier aerial photographs would 
enable the District to approximate the date of construction of structures within the 
flood zone. 

7. Kimley-Horn recommends that a hydraulic analysis of the emergency spillway and 
energy dissipator be conducted to confirm the design report hydraulic analysis. The 
hydraulic analysis should be conducted using the unsteady flow routine of the HEC- 
RAS model. 

8. Kimley-Horn recommends that a spillway inundation study be conducted for 
Casandro Wash Dam following District methods for such studies. 

9. Monitoring. KHA recommends monitoring for seepage through the abutments during 
impoundment events, and regular visual inspection of the thin fill blanket that covers 
the natural slope south of the right abutment to ensure it is being properly maintained. 

10. Additional Testing to Confirm Zone 1 and Zone 2 Material Characteristics. Sampling 
and testing of representative samples of both Zone 1 and Zone 2 materials could be 
done during Phase I1 to verify geotechnical properties that came into question 
between the design and construction phases of Casandro Dam. 

11. Documentation of Slope Stability and Seepage for Main Dam. The Kimley-Horn 
team does not anticipate any problems with slope stability under any reasonable 
loading conditions for Casandro Dam. The original stability analysis and our 
preliminary stability analyses adequately document factors of safety for all the 
loading conditions that would need to be evaluated under current NRCS or ADWR 
criteria. 

12. Phase I1 Evaluation of Potential Seepage and Piping Issues in Left Abutment. A 
potential Category I1 failure mode that was recognized during the FMEA involves 
piping and erosion of materials in the right abutment, either as a result of a separation 
of the zone between the dam section and the blanket fill, or as a result of cracks or 
openings that penetrate the thin blanket fill material that was placed on the abutment 
slope south of the abutment. Additional seepage and slope stability analysis could be 
performed to evaluate the candidate failure mode associated with potential seepage 
and piping erosion through the right abutment. 

13. Evaluation of Potential Settlement and Elongation of the Principal Spillway. It is 
normally undesirable to found the outlet pipe on embankment fill. Analyses could be 
done to estimate the maximum elongation that could occur under expected 
differential settlements, and compare that axial strain to the tolerances of the pipe and 
its joints. 
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14. The District has adopted the findings of the Casandro Wash LOMR study, but has not 
put those findings into practice (e.g. - not in the key resource documents for the dam). 
The District should decide on where and how it should implement/use the LOMR 
results regarding the hydrology for the dam and on the implications of adopting the 
LOMR results. 

15. Provide additional crest settlement monuments along the right abutment and right 
contact as noted in the FMEA report. 
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0 2.0 DESCRIPTION OF DAM 

The Casandro Wash Dam is a strnctural plan element of the Wickenburg Area Drainage 
Master Study (ADMS), Unincorporated Maricopa CountyITown of Wickenbnrg, 
Arizona. The ADMS was prepared by the Flood Control District of Maricopa County in 
1990. The Wickenburg Watershed is in west central Arizona in Maricopa between the 
Vulture and Date Creek Mountains. That part of the watershed within Maricopa County 
is in the Wickenburg Natural Resources Conservation District (NRCD), and that part 
within Yavapai County is in the Triangle NRCD. The total original watershed area is 
100,000 acres and includes the towns of Wickenburg and Congress. 

2.1 Purpose of Dam 

The results and recommendations of the 1991 ADMS included constructing the Casandro 
Wash Dam on Casandro Wash. The purpose of the Casandro Wash Dam is to provide 
flood and erosion control benefits for downstream developments (primarily commercial 
and urban areas). The Casandro Wash Dam was designed to control runoff from the 100- 
year event. The inflow design flood for the dam is the 112PMF. 

2.2 Dam Location and Features 

Casandro Wash Dam is located approximately 1500 feet upstream of Mariposa Drive in 
the Town of Wickenburg, Arizona. The Casandro Wash Dam is located across Casandro 
Wash wash, a tributary to the Hassayampa River. Figure 1 provides a location map of 
Casandro Wash. The project consists of the dam embankment structure, principal 
spillway, a reinforced concrete chute emergency spillway, and energy dissipaterlstilling 
basin. 

The reservoir behind the dam is 11 acres with a capacity of 143 acre-feet. A permanent 
pool will not be retained in the reservoir, instead, the dam and reservoir are designed to 
trap floodwater and store it only for as long as it takes to release it slowly and safely 
downstream. Reservoir capacity is then restored to handle future flood. 

The emergency spillway is a reinforced concrete chute spillway located in the middle of 
the embankment. Construction of the FRS and appurtenant structures was completed by 
the CH2M Hill in June 1995. 

2.3 Physical Features 

The Casandro Wash Dam is a homogenous earth fill structure with a central chimney 
drainlfilter. The length of the dam is 1,01 Ifeet with a maximum height of 32.5 feet and 
crest width of 14 feet. The reservoir capacity is approximately 143 acre-feet at the 
emergency spillway crest elevation, 2155 feet. The dam was designed with 2 acre feet of 
sediment storage (100-year). Casandro Wash Dam is located in the Town of a Wickenburg, Arizona north of the intersection of U.S. 60 and Mariposa Avenue. The 
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maximum recorded impoundment for Casandro Wash Dam is 65 acre-feet with a stage of 
11.3 feet at the Dam (September 26, 1997) (ADWR; 2004a). 

Watershed 
The dam was constructed across Casandro Wash, a tributary to the Hassyampa River. 
The drainage area contributing to the dam is 3 square miles (CH2M Hill, 1995~). 

Flood Pool 
The spillway crest was constructed at an elevation of 2155 feet, with a reservoir capacity 
of 143 ac-ft (CH2M Hill, 1995~). The peak volume inflow into the reservoir during the 
100-year flood, estimated to be 156 acre-feet (CH2M Hill, 1995~). 

Dam Embankment 
The dam is a homogenous earth fill dam with a chimney drain with 3: 1 (horizontal to 
vertical) slopes upstream and downstream. The embankment slopes are protected from 
slope erosion by a blanket of gravel mulch. 

Principal Outlet Works 
The low flow outlet is a 36-inch reinforced concrete pipe (RCP) with a 1.4 ft2 orifice 
plate. The orifice is sized to discharge approximately 20 cfs at the time of the 
downstream watershed hydrograph peak at the storm drain inlet. And approximately 30 
cfs during the 100-year flood event (CH2M Hill, 1995~). The orifice rating curve was 
developed by the HEC-1 model assuming an orifice coefficient of 0.6 and an inlet 
elevation of 2,135 feet. 

Emergency Spillway 
The emergency spillway was designed to pass the 112 PMF with 3 ft of freeboard with a 
crest elevation of 2155 ft. The emergency spillway is an 80 foot wide, elliptical crest 
with a 3:l slope to the downstream chute. The emergency spillway will discharge 120 
cfs for the 100-year flood (CH2M Hill, 1995~). However, a subsequent hydrologic 
routing for Casandro Wash Dam conducted as part of the Casandro Wash LOMR 
indicated no discharge from the emergency spillway during the 100-year storm event. 

Table 1 provides a summary of the physical data for the dam. 
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Section 3.0 Technical Review 

The purpose of the technical review was twofold. First the project assessment team 
reviewed the existing and available engineering records related to the dam and its 
construction. Secondly, through this review the project assessment team became 
familiar with the structure, became familiar with the history of the structure, and 
acquainted the team with the basis of analysis and design. The review also provides 
for a review of original design criteria and design guidelines under which the dam was 
constructed. 

The report presents a discussion of the dam design criteria under which the dam was 
originally constructed versus the Arizona Department of Water Resources dam safety 
rules and regulations for jurisdictional dams. 

This section of the report presents a review of the technical documentation for the 
structure. The review of the technical documentation was limited to the available 
reports, studies, investigations, construction plans and as-builts, specifications, and 
office correspondence collected as part of this study. The purpose of the review of the 
technical documents is to assist in the engineering assessment of the structure. The 
technical document review, along with the field examinations and the failure mode and 
effects analysis (FMEA), provided a basis to evaluate the structure regarding 
operational adequacy, structural stability, and compliance with current dam safety 
rules and regulations. 

The information and data reviewed in this assessment were collected from several 
sources/repositories. These repositories included the libraries and office files of the 
District and ADWR, Office of Dam Safety. Kimley-Horn has prepared under separate 
cover, a data collection report, summarizing the information collected for Casandro 
Wash Dam. 

3.1 Dam Design Criteria 

Casandro Wash Dam was analyzed and designed on behalf of the Flood Control 
District by the engineering consulting firm of CH2M HILL from January 1994 
through the October 1995. Design report documentation indicates that the dam and 
detention basin were designed to "require the 100-year event be substantially detained 
below the spillway elevation andfor the maximum outflow be less than or equal to the 
hydraulic capacity of the proposed storm drain to be constructed downstream of the 
dam" (FCD, February 1995). The concept for the dam was part of the flood control 
recommendations identified in the Wickenburg Area Drainage Master Study (ADMS) 
(FCD, 1991). 

The basis of design for the dam was founded in the Arizona Department of Water 
Resources (ADWR) report "Guidelines for the Determination of Spillway Capacity 
Requirements" (May 1991) for a high hazard small dam. CH2M HILL used other 
(e.g., U.S Bureau of Reclamation, U.S. Army Corps of Engineers) engineering design 

Section 3 Technical Review Casandra.doc Page 3- l 
KHA Project No. 091131008 

FCD2003C015 
PCN: 50.36.3 1 



r"""""n . ~irniey-~orn and Associates, Inc. Flood Control District 
of Maricopa County 

guidelines to develop rainfall/runoff for various storm events, analyze and design the 
emergency spillway, and analyze and design the energy dissipator. 

Table 2 (Appendix A) provides a summary of the original design criteria (ADWR 
May 1994) for the dam and compares the criteria against current (2004) ADWR dam 
safety rules and regulations for jurisdictional dams. Casandro Wash Dam was 
designed to substantially detain the 100-year event using ADWR criteria. However, 
there is discharge in the emergency spillway during the 100-year event according to 
the results of the basin routing of the 100-year storm. 

The 100-year design event was used to size the principal spillway and reservoir 
volume. The principal spillway consists of an inlet structure with trash rack and a 36- 
inch diameter reinforced concrete pipe (RCP). The inlet structure is fixed with a 16- 
inch orifice plate over the entrance to the 36-inch diameter RCP. The 36-inch RCP is 
also fixed with a 24-inch gated orifice in the event that the lower orifice is clogged 
with debris or in the event extra hydraulic capacity is needed in the principal spillway. 

The hydrology for the emergency spillway design and top of dam elevation design 
flood is discussed below in the Hydrology and Hydraulics section. According to the 
CH2M HILL final design report, the Casandro Wash Dam Inflow Design Flood (IDF) 
for emergency spillway capacity is the routed !4 probable maximum flood (PMF). The 
top of dam elevation was set to safely pass the routed PMF with no freeboard on the 
dam. 

3.2 Dam Classification 

The Arizona Department of Water Resources rules and regulations (May 1991) for 
jurisdictional dams classifies Casandro Wash Dam as a high hazard, small size dam. 
Hazard classification is based on factors such as height of the dam, storage capacity, 
existing and probable future downstream development, uses of the flood pool, 
operational procedures, type of dam, type of spillway, and other evaluation factors. 
According to the final design report (FCD, February 1995), Casandro Wash Dam 
would be classified by ADWR as a small, significant to high hazard dam due to the 
presence of more than a small number of habitable structures downstream and the 
potential for appreciable economic losses downstream. 

3.3 Hydrology and Hydraulic Review 

3.3.1 Hydrology- The design hydrology for Casandro Wash Dam is documented in 
several design reports. The first report "Casandro Wash Detention Dam Concept 
Design Report" (FCD, June 1994) provides the methodology and assumptions used in 
the hydrologic analysis of the contributing watershed for the 100-year and probable 
maximum flood events. The hydrologic analysis for the 100-year storm event was 
based on the District's "Drainage Design Manual for Maricopa County, Arizona, 
Volume I, Hydrology (FCD, 1992). In the June 1994 Concept Report, CH2M HILL 
documents the hydrologic parameters for rainfall, rainfall loss parameters, unit 
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hydrograph, and channel and detention basin routing. Most notable of the design 
hydrology assumptions is that the hydrology was based on future land use conditions 
in the upstream contributing watershed. The June 1994 Concept Report states that the 
"future watershed conditions assume 100 percent build-out according to the existing 
zoning in the watershed to account for potential changes in runoff rates over the long 
design life of the detention dam". 

CH2M HILL prepared an estimate of the probable maximum flood using 
Hydrometerological Report No. 49 (September 1977). The probable maximum 
precipitation (PMP) for a local storm was determined from HMR-49 and included the 
following: 

1-hour PMP of 1 1.5 inches 
No elevation adjustment 
6-hour to I -hour ratio of 1.32 
Areal reduction of 0.25,0.5, and 0.75 PMP values (area = 1.24 sq mi) 
No areal reduction adjustment for 1-hour to 6-hour durations 
Corps of Engineers incremental PMP distribution (Engineering Manual 
NO. 1110-2-1411) 
No areal distribution of PMP storm 

The following table presents a summary of the hydrologic results from the June 1994 
Concept Design Report. The emergency spillway crest elevation is 2153.0 ft and top 
of dam crest elevation is 2163.5 ft. 

The District updated the June 1994 in October 1994 ("Casandro Wash Detention Dam 
Concept Design Report- October 1994). The hydrologic summary results of the 
October 1994 report are provided in the following table. The proposed top of dam 
elevation in this report was reported as 2163.5 feet. The emergency spillway crest 
elevation was changed to 2155.0 ft. Note that in this October 1994 report, discharge in 
the emergency spillway occurs for the 100-year storm event. 

The October 1994 report states that the detention basin outflow will be through a low- 
flow orifice outlet as well as over the spillway (only for floods greater than the 50-year 
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a event). The spillway elevation and orifice opening were varied to achieve the 
maximum outflow without exceeding the 339 cfs capacity of the proposed District 
storm drain improvements downstream of the dam. After optimization, a spillway 
elevation of 2155.0 ft and an orifice opening of 1.4 square feet were selected. 

The October 1994 report estimated the drain time for the detention basin. The October 
1994 report states that the basin will drain in approximately 136 hours (5.7 days) and 
applies to all flows in excess of the 100-year. The report notes that shorter drain times 
could be achieved by removing or enlarging the orifice or by using a hydraulic gate 
designed to be operated manually. 

CH2M HILL finalized the design of Casandro Wash Dam and documented the final 
design in their report titled "Casandro Wash Dam Final Design Report" (February 
1995). The Final Design Report documents the following as the final design 
hydrology: 

100-year 
% PMF 
PMF 

The emergency spillway crest elevation is 2155.0 ft. Note that in this February 1995 
report, discharge in the emergency spillway occurs for the 100-year storm event. The 
proposed top of dam elevation in this report was reported as 2163.5 feet. 

t I 1769 1 ::?:; 
not re orted 

Note that the final design report did not report results of HEC-1 modeling for the PMF 
storm event. In order to evaluate the PMF, Kimley-Horn prepared a "what-if' PMF 
model of Casandro Wash Dam using the '/z PMF HEC-1 model that was included in 
the CH2M HILL final design report. The results of routing the PMF through the dam 
and basin indicate overtopping of the dam. The maximum routed water surface 
elevation was 2164.8 Et or 1.3 feet above the dam crest elevation (2163.5 ft). The 
duration of overtopping is short, approximately 20 minutes. The time of overtopping, 
however, occurs during the rising limb of the inflow PMF hydrograph (at hour 3.67). 
The outflow from the dam from the routed PMF is 9,256 cfs (includes principal 
spillway, emergency spillway, and overtopping flow). 

1769 
5398 
10941 1 

The June 1994 Concept Design Report indicated no overtopping of the dam from 
routing the PMF. The October 1994 report indicates overtopping of the dam. It is not 
clear in either the October 1994 report or the final design report the reason for the 
change in design concept to allow overtopping of the dam during the PMF event. 

2155.3 
2 160.2 

not reported 

Kimley-Horn recommends that an incremental damage analysis be conducted for 
Casandro Wash Dam to determine the appropriate inflow design flood (IDF). The 

a current IDF is the '/z PMF. The IDF could change to as high as the PMF due to the 
increased urbanization downstream of the dam. Based on current ADWR dam safety 
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rules, the IDF may change to between the % PMF and PMF depending on downstream 
incremental damage analysis. 

The intergovernmental agreement between the District and the Town of Wickenburg 
has established a flood zone downstream of the dam along Casandro Wash. This flood 
zone restricts the construction of habitable structures within the flood zone of the 
emergency spillway flows. Kimlcy-Horn recommends reviewing the boundaries of 
the flood zone with a current (2004) aerial photograph to locate structures within the 
flood zone and to monitor that structures have not been constructed in the flood zone. 
A comparison with earlier aerial photographs would enable the District to approximate 
the date of construction of structures within the flood zone. 

The final design report states that the contributing drainage area to the dam is 
approximately 3 square miles. However, a review of the hydrology HEC-1 model 
output provided in the final report indicates a total contributing drainage area of 1.24 
square miles. This discrepancy may be due to the inclusion of the drainage area 
downstream of the dam for total watershed drainage area. 

The final design report estimated the drain time for the detention basin. The report 
states that the basin will drain in approximately 136 hours (5.7 days) and applies to all 
flows in excess of the 100-year. The report notes that shorter drain times could be 
achieved by removing or enlarging the orifice or by using a 24-inch by 24-inch sluice 
gate designed to be operated manually by District field personnel. 

3.3.2. Hydraulics -Hydraulic structures associates with Casandro Wash Dam include 
the low-flow outlet, principal spillway, emergency spillway approach section and 
spillway chute, energy dissipator at the end of the spillway chute, and a sedimentation 
reservoir within the detention basin. 

Outflow from the detention basin includes a low flow orifice and the emergency 
spillway. The low flow outlet conduit is a 36-inch reinforced concrete pipe with a 1.4 
square foot orifice plate. The orifice was sized to discharge approximately 20 cfs at 
the time of the downstream watershed hydrograph peak at the storm drain inlet and 
approximately 30 cfs during the 100-year storm event. Maximum downstream 
discharge at the storm drain inlet occurs at 4.05 hours, according to the District HEC-1 
model results. The difference between the downstream peak discharge (6-hour storm 
duration) and the 339 cfs capacity of the storm drain is 20 cfs. CH2M HILL 
developed the orifice rating curve using the HEC-1 model assuming an orifice 
coefficient of 0.6 and an inlet elevation of 2135.0 feet. A gate outlet was provided as a 
backup for the orifice to facilitate maintenance and to allow opening of the orifice in 
the event of debris clogging. The inlet to the orifice was placed in a grated concrete 
inlet box to reduce the potential for debris and sediment clogging. 

CH2M HILL prepared an additional hydrologic routing analysis for the detention 
basin based on clogging of the low level outlet. This additional hydrologic routing 
was requested by ADWR in their review letter to the District dated April 27, 1994. 
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The results of the inlet clogging water surface elevations for the 100-year and % PMF 
are presented in the following table. 

CH2M HILL presented a "final" % PMF routing in their October 6,  1995 letter to the 
District. In this letter the final HEC-1 model assumed the low flow inlet to be 
clogged. The peak stage reached in the reservoir for the routed flood was 2160.29 ft 
with a discharge of 3744 cfs. 

Flood 
Event 

100-year 

The emergency spillway consists of what CH2M HILL describes as an elliptical crest 
with the crest apex at elevation 2155.0 feet. The spillway width is 80 feet with a 
design head of 5.5 feet for the % PMF event. The total spillway height is 8.5 feet. The 
spillway chute energy dissipator was sized for the routed % PMF (3700 cfs). A 
spillway rating curve for the elliptical crest was developed using the procedures 
outlined in the "Design of Small Dams" (U.S. Bureau of Reclamation, 1987) and the 
"Hydraulic Design of Spillways" (U.S. Army Corps of Engineers, 1990). 

Kimley-Horn reviewed the hydraulic calculations for the emergency spillway 
presented in the final design report (February 1995). The computations appear to be 
reasonable given the above references used to prepare the spillway hydraulics. The 
final design report did not include a water surface profile for the routed '/z PMF 
through the spillway. ADWR also reviewed the CH2M HILL emergency spillway 
hydraulic computations and provided review comments to the District in their letter 
dated April 27, 1995. In the letter ADWR summarized the spillway analysis 
discussions to date (of their letter) as: 

"The engineer indicated that they believed they had 
appropriately calculated the reservoir level using the USBR, 
USCOE, and Chow references and that the use of HEC-2 was 
not appropriate since, among other things, this required the 
input of coefficients for contraction which is the present area of 
disagreement. The engineer requested consideration of the use 
of a third party expert to review the analysis and to make a final 
determination. ADWR indicated they would consider this 
approach. 

Peak Stage [ft] 

Update Comments: ADWR has discussed the spillway design 
for ogee spillway with personnel at the US Bureau of 
Reclamation and the US Corps of Engineers. Based upon these 
discussions, it appears that the engineer is applying the 

With Low 
Flow 

2155.3 

Peak Discharge [cfs] 
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coefficient of discharge for the ogee section, in conjunction with 
entrance and channel head losses, to determine the reservoir 
level in an accepted manner. Although, we (ADWR) believe 
some aspects of the analysis remain unresolved, the order of 
magnitude of the difference in the calculated reservoir level is 
relatively small and the freeboard of 3 feet included in the 
design is anticipated to be acceptable to prevent any over- 
topping of the dam during eh occurrence of the 0.5 Probable 
Maximum Flood used as the Spillway Design Flood". 

The spillway chute has a slope of 3: 1 which according to CH2M HILL is sufficient for 
developing supercritical flow. A Bureau of Reclamation Type I11 energy dissipator 
was constructed to force a hydraulic jump before flow exits to the natural channel 
downstream of the dam. The detention basin was place approximately 6 feet below 
natural grade to ensure that the computed jump height will match the tailwater 
elevation of the downstream channel. Dumped rip-rap (D50 equal 2 feet) was placed 
downstream of the dissipator to mitigate impacts on the dam backslope during the 
spillway design event and during lesser flows exiting the dissipator. 

Kimley-Horn recommends that a hydraulic analysis of the emergency spillway and 
energy dissipator be conducted to confirm the design report analysis. The hydraulic 
analysis should be conducted using the unsteady flow routine ofthe HEC-GS model. 

Spillway Inundation Studies -The Emergency Action Plan for Sunset FRS, 
Sunnvcove FRS, and Casandro Wash in the Town of Wickenburg (FCD, November 
2003) includes a spillway inundation exhibit portraying the downstream inundation 
due to emergency spillway discharge. The report is unclear however as to the 
reference for the hydraulic study that documents the evaluation of the inundation 
limits. The EAP text states that the exhibit portrays the inundation limits for spillway 
flows at 113,213, and full. The report is not clear whether the reference to spillway 
flows is rated spillway capacity or referenced to PMF routed discharges. Discussions 
with FCD staff indicate that the development of the inundation mapping for 
Sunnycove FRS was conceptually evaluated in-house at the District and that back-up 
documentation is limited. Figure 4 (Appendix Figures) illustrates the emergency 
spillway inundation area. The data for this figure was gathered from the District's GIs 
department. 

Kimley-Horn recommends that a spillway inundation study be conducted for Casandro 
Wash Dam following District methods for such studies. The EAP inundation 
boundary exhibit virtually depicts very little difference in the boundaries for the three 
flows. Kimley-Horn recommends that the exhibit only display the inundation 
boundary for full flows. The spillway inundation analysis should be continued further 
downstream than depicted in the EAP. The downstream limits of the EAP inundation 
mapping are the Atchison Topeka Railroad. The downstream inundation mapping 
should be continued through the railroad crossing to Sols Wash and possible to the 
Hassayampa River. 
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Dambreak Analysis - The dambreak analysis for Casandro Wash Dam was conducted 
as part of the dam safety permit application to the Arizona Department of Water 
Resources. The dambreak analysis is documented in the CH2M HILL report titled 
"Casandro Wash Dam Break Analysis" (FCD, January 1995). The objective of the 
dambreak analysis was to delineate the area downstream of the dam that would be 
inundated following a failure of Casandro Wash Dam. Figure 3 (Appendix Figures) 
illustrates the dam break inundation area. The data for this figure was gathered from 
the District's GIS department. 

The dambreak report notes that the selected dambreak scenario is "worst case" 
scenario. The impression given by this statement is somewhat misleading given the 
limited evaluation and sensitivity analysis conducted as part of the dambreak analysis 
for Casandro Wash Dam. A "realistic" dambreak scenario was not evaluated as 
provided in case history of dambreaks for earthen dams in arid regions and given the 
reservoir pool volume and geometry of the embankment for Casandro Wash Dam 

The dambreak analysis was conducted using the simplified methodology provided in 
the U.S. Army Corps of Engineers HEC-1 computer program. The report documented 
the reasoning for the selection of this computer program as "the downstream channel 
geometry is not extremely complex and the travel distance of the flood wave is 
relatively short". Note that the downstream channel geometry was based on USGS 
topographic mapping with a contour interval of 10 feet (2000 scale). The downstream 
limit of the study was terminated at Sols Wash a distance from Casandro Wash Dam 
of approximately 3200 feet. The report did not discuss nor is it clear from the report 
whether more sophisticated models available at the time of analysis were considered 
for the analysis. Based on the results of the dambreak floodwave routing the 
downstream limits of the study could have been extended further downstream to the 
confluence of the Hassayampa River to a point where the depth of flow reached one 
foot or less. The HEC-1 model is not a water surface profile backwater model and 
therefore not sufficient to model the downstream floodwave. A more appropriate 
model to use at the time of the analysis would have been use HEC-2, HEC-RAS, or 
the downstream routing option of the unsteady flow model DAMBRK to model the 
peaks flows at each cross section. 

The dambreak analysis was conducted evaluating five dambreak scenarios. The 
"worst case" scenario assumed the following breach parameters and assumptions: 

Time to failure: 15 minutes 
Breach bottom width: 40 feet 
Inflow design flood: % PMF 
Reservoir initial conditions: empty 
Time commencement of breach: Pool reaches elevation of emergency 
spillway crest 
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Type of failure: Breach due to piping (no overtopping as hydrologic 
analysis indicates that the % PMF passes through dam with 3 feet of 
freeboard. 
Breach Depth: Extends to bottom of reservoir 
Concrete spillway is not removed during the breach 
Breach side slope adjacent to spillway: 0:l (essentially vertical) 
Breach side slope adjacent to right contact: 4:l (follows the natural 
ground slope) 

The dambreak report states that initial modeling trials indicated that unless the breach 
occurred concurrent with the spillway overflow, the dambreak flood peak was less 
than the spillway discharge for the % PMF (3700 cfs). The approach indicates that 
CH2M HILL conducted a sensitively analysis to maximize breach outflow with the 
timing of pool water surface conditions. 

It should be noted that the June 1994 Concept Design Report noted that the PMF 
overtopped the dam. A hydrologic analysis by Kimley-Horn (see Hydrology 3.3.1) 
also indicated that the routed PMF results in overtopping the dam. Given the rapid 
urbanization downstream of Casandro Wash Dam, Kimley-Horn recommends that the 
PMF event be evaluated as part of an update of the dambreak analysis. 

The development and selection of the breach parameters used in the dambreak analysis 
are not documented in the report. At the time of the dambreak analysis, parametric 
methods and other published estimation methods were available to estimate breach 
parameters. It would be reasonable in an update of the dambreak analysis to conduct a 
more rigorous evaluation of dambreach parameters for Casandro Wash Dam. 

ADWR (ADWR, April 1995) in their review of the dambreak analysis requested the 
inclusion of several important routed downstream hydraulic parameters. These 
parameters include the arrival time of the floodwave at each cross section, the arrival 
time of the flood wave oeak. and the maximum estimated water surface and flow 

& ,  

depth. These parameters are important for appropriate flood response activities and 
evacuations. A location map indicating the locations of the downstream hydraulic 
cross sections was also req;ested. C H ~ M  HILL prepared an addendum (kddendum 
No 1) their final design report in June 1995 to include revisions and review comments 
from the District and ADWR. The addendum does not appear to address or 
incorporate the April 1995 ADWR review comments. 

ADWR also recommended a dambreak analysis assuming failure to occur when water 
is flowing over the emergency spillway and the reservoir has reached the maximum 
estimated storage capacity (203 acre feet at elevation 21 60.15). ADWR appeared to 
question the CH2M HILL statement regarding "the worst case scenario". 

Kimley-Horn recommends that an updated dambreak analysis be conducted for 
Casandro Wash Dam. At the present time, the District is contracting for new aerial 
topographic mapping for the Wickenburg area as part of the update to the Wickenburg 
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Area Drainage Master Plan (ADMP). This ADMP is programmed to be conducted in 
the spring of 2005. The updated dambreak for Casandro Wash Dam could utilized the 
new aerial mapping (2 foot contours) for downstream routing. The downstream 
channel geometry is complex given the degree of urbanization encroachment into the 
floodplain. The updated dambreak analysis should include a more rigorous evaluation 
of the dam breach parameters and a sensitivity analysis of those parameters. The 
dambreak option of the unsteady flow module in HEC-RAS made be used to conduct 
the dambreach, dambreak, and routing of the breach outflow hydrograph. Hydraulic 
tables documenting flood wave travel times, flood depths, and other parameters for 
each cross section should be included in the report. The analysis should include an 
evaluation of the '/z PMF (for piping failure) and PMF (for overtopping breach failure). 
The dambreak model downstream mapping limits should extend to Sols Wash and the 
Hassayampa River. 

Sedimentation - A  sediment investigation was conducted by CH2M HILL to estimate 
the potential sediment supply to the basin. The estimate of the sediment supply was 
used to evaluate the additional storage volume needed to meet the requirements for 
floodwater storage and conveyance through the basin and dam. The sediment 
investigation assumed 100 percent sediment trap efficiency due to the high percentage 
of bed load transport, the orifice type outlet design type, and the duration of drain time 
relative to the design storm duration. 

0 Kimley-Hom reviewed the sedimentation investigation methodology used by CH2M 
HILL. The methodology is standard practice used to estimate sediment yield. 
Methods included were the Pacific Southwest Interagency Committee (PSIAC) 
method, Modified Universal Soil Loss Equation (MUSLE), previous Soil 
Conservation Service studies, the Yang Equation, and from District sediment removal 
maintenance records. The sedimentation results reported in the Final Design Report 
indicate that a sediment storage volume of 2 acre-feet will be provided as part of the 
basin design for the 100-year storm event. The designers based the sediment volume 
on an operation and maintenance program which removes 2 ac-ft of sediment every 5 
years. A summary of the final design sediment volumes are provided in the following 
table. 

Letter of Map Revision -In September 1996 the engineering firm of Collins Pina 
completed the technical data notebook for a Letter of Map Revision (LOMR) for 
Casandro Wash. The limits of the LOMR were from the dam downstream to Sols 
Wash. The purpose of the LOMR was to re-delineate the 100-year floodplain and 
floodway downstream of the dam and to incorporate the revised hydrology impacts 
due to the presence of the dam and reservoir pool. The LOMR study conducted new 
100-year hydrology for the dam based on the District's revised hydrologic methods at 
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that time. The results for the 100-year flow are provided in the following table and 
compared to the CH2M HILL hydrologic results. 

The results of the LOMR hydrology indicate that no discharge occurs for the 100-year 
storm event through the emergency spillway which is contrary to the results of the 
CH2M HILL hydrologic investigation. The estimated 100-year peak discharges in 
Casandro Wash resulting from the hydrologic analysis from the LOMR study are 
lower that the estimates made in previous studies. The LOMR study states that the 
District published an addendum to the hydrology manual which suggested that directly 
connected percent impervious parameters that were lower than those used in the 
previous three studies for most land uses. The LOMR study states that this was the 
only significant hydrologic difference between the various hydrology models. 

Kimley-Horn prepared a "what-if' % PMF and PMF hydrologic model using the 100- 
year HEC-1 LOMR model as a base. The purpose was to rerun the % PMF and PMF 
to evaluate the effects of the revised hydrology methods on these storm events and 
routing through the dam. The results of the modeling are provided in the following 
table. 

Storm 
Event 

% PMF in 

11 11 
* KHA model run of PMF using CH2M HILL M PMF HEC-I model. The emergency spillway crest elevation is 2155.0 ft 
The as-built top of dam elevation is 2163.5 feet. 

PMF in 

PMF out 

The ramifications of the results in the above table indicate less flow into and out of the 
dam using the LOMR model. The major result for the PMF event shows that 
overtopping is incipient for this storm event. 

Kimley-Horn recommends that an evaluation of the LOMR hydrology be conducted to 
confirm the findings presented in the above table. The basin inflow and outflow have 
changed in the LOMR study. The as-built basin inflow and outflow will need to be 

CH2M HILL 

1094 1 

9256* 
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revised (Sheet 2 of 34 of the as-built plans for Casandro Wash Dam) to reflect the 
revised basin inflow and outflow curves. 

3.4 Geological and Geotechnical Review 

This section summarizes the review of the geological and geotechnical aspects of 
Casandro Wash Dam. The full aresentation of the aeoloaic and aeotechnical review is - - - 
provided in Appendix G and Appendix H, respectively. The geologic review was 
conducted by Geological Consultants, Inc., on behalf of Kimley-Horn and Associates, 
Inc. The geotechnical review was conducted by Gannen Fleming, Inc., on behalf of 
Kimley-Horn and Associates, Inc. This section of the report provides a summary of 
the major discussion and findings presented in Appendix G and Appendix H. The 
reader is referred to these two appendices for further discussion. 

3.4.1 Geologic Setting. Casandro Wash Dam is located in hilly terrain within the 
northeast-central portion of the Souoran Desert section of the Basin and Range 
Physiographic Province near its boundary with the Arizona Transition Zone Section. 
The latitude and longitude of the center part of the structure is approximately 33' 58' 
04" N and 112" 44' 54" W based on NAD 27 datum. This portion of the Basin and 
Range is characterized by broad alluvial fans that are locally dissected and gently 
sloping connected valleys bounded by high, rugged northwest, north, and northeast 
trending mountains including the Date Creek and Weaver Mountains to the north, the 
Vulture Mountains to the south and the Wickenburg Mountains to the east that rise 
abruptly to form broad, elongated, deep, sediment-filled valleys produced by block 
faulting and folding during past episodes of mountainlbasin bounding fault movements 
(Cooley, 1977). The dam, which is astride Casandro Wash north of the U.S. Highway 
60 alignment, is within the town limits of Wickenburg, Arizona off the northeastern 
flank of the Vulture Mountains in North, Range 5 West (Figure 1 Appendix G - the 
southeast quarter of Section 11, Township 7, Site Location Map 

3.4.2 Seismicity. A seismicity assessment was conducted as part of the Casandro 
Wash Dam design analysis (CH2M Hill, 1995b). Seventeen earthquakes, ranging 
from magnitude 2.5 to 4.9 were recorded within a 150-kilometer radius of the site. No 
earthquake event was closer that 70 kilometers to the site. Based on the CH2M Hill 
review of seismic design criteria from various source including U.S. Bureau of 
Reclamation, SCS Technical Release No. 60, Applied Technology Council, FEMA 
and the Uniform Building Code, 0.1 g was selected as a "reasonably conservative" 
peak design acceleration. 

No deterministic or probabilistic seismicity evaluation was conducted for the design of 
Casandro Wash Dam based on a review of the project files. However, a seismicity 
evaluation for all of the FCDMC dam structures was conducted in 2002. The report 
entitled "Seismic Exposure Evaluation, Dam Safety Program, Flood Control District 
of Maricopa County" describes the various seismotectonic zones, fault zones, design 
earthquake, and characteristic ground motion affecting FCDMC structures (AMEC, 
2002). 
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Casandro Wash Dam is situated within the Southern Basin and Range (SBR) Source 
Zone as defined by AMEC (2002). which includes the Sonoran Seismic Source Zone 
defined by ~ ~ o f ( 1 9 9 2 ) .  The S& source zone appears to be tectonically quiescent, 
with a low level of seismicity and few neotectonic faults that would be considered 
active or potentially active sources of earthquakes (Bausch and Brumbaugh, 1994; 
ADOT, 1992). The largest historic earthquake within this zone was a magnitude 5.0 
that occurred in the southern part of the source zone in 1965. Only a few minor faults 
occur in the SBR (AMEC, 2002; ADOT, 1992). Earthquake epicenters and 
Quaternary faults are shown in Figure 3 of the AMEC (2002) report. 

The deterministic and probabilistic analysis of seismic hazard affecting the Casandro 
Wash Dam area was conducted by AMEC (2002) to establish seismic attenuation 
relationships and the maximum probable earthquake. The closest Quaternary age fault 
is the Sand Tank Fault located about 77 miles south of the site. According to AMEC 
(2002) the maximum credible earthquakes for this fault source ranges between M6.2 
and M6.6. The background earthquake, which is estimated to have a higher maximum 
magnitude of M7.2, was applied to the regression relationship to derive the horizontal 
ground acceleration. The recommended peak ground acceleration calculated for the 
Casandro Wash Dam area, based on the background seismic source, is 0.10 g (1 0 
percent of gravitational acceleration) (AMEC, 2002), which is the same design value 
selected bv CH2M Hill. 

3.4.3 Land Subsidence. Land subsidence is known to occur in alluvium-filled valleys 
of Arizona where agricultural activities and urban development have caused 
substantial over-drafting or removal of groundwater from thick basin aquifers. The 
magnitude of subsidence is directly related to the subsurface geology, the thickness 
and compressibility of the alluvial sediments deposited in the vaIleys, and the net 
groundwater decline. However, in the Wickenburg area, there is no documented 
evidence of excessive groundwater withdrawal nor land subsidence. 

No unconsolidated, compressible basin fill soils are believed to be present beneath the 
Casandro Wash Dam. The subsurface geological conditions in the embankment dam 
area (Figure 3 Appendix G), consists of relatively hard, cemented Tertiary age 
fanglomerate and in the subsurface deposited on crystalline bedrock indicate the 
potential for land subsidence due to groundwater withdrawal does not exist at the 
Casandro Wash Dam site. 

According to Staedicke (1995), because there is no history of extensive groundwater 
pumping or subsidence, the NRCS (formerly the SCS) has never surveyed the 
Casandro Wash Dam structure. Although land subsidence is not expected to affect the 
Casandro Wash Dam, Kimley-Horn recommends the structure be surveyed 
periodically under the Recurrence Activities program. 

0 3.4.5 Earth Fissures. No earth fissures, related to land subsidence, are documented 
nor reported as occurring within the Casandro Wash Dam project area. Geological 
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conditions in the Casandro Wash Dam area preclude the development of earth fissures 
at this site. 

3.4.6 Foundation Conditions. CH2M Hill's Geotechnical Report (1995a) described 
the foundation soils in the main channel section as alluvial deposits overlying dense, 
carbonate-cemented sands and gravels. The surficial, uncemented soils were 
characterized as gravelly, well-graded sands with varying amounts of silt or clay. The 
upper soil layer was further described in the Geotechnical Report as dry, medium- 
dense to dense sands, with approximately 10 to 15 percent gravel and less than 10 
percent low plasticity fines. The upper layer varied in thickness fiom 5 to 12 feet 
within the basin area, and 16 to greater than 20 feet in the dam foundation. The 
materials underlying the upper soil layer were characterized as more gravelly, very 
dense or cemented, and containing fewer fines. 

The abutments were described in the Geotechnical Report (CH2M Hill, 1995a) as 
graded terraces, which had been leveled at the tops of the slopes to construct pads for 
structures. Loose fill had been dumped over the top edge of both abutment slopes to 
extend the leveling pads. The ends of the terraces were described as loose to medium 
dense silty sand and sand fill. 

The Design Report (CH2M Hill, 1995b) recommended complete removal of the 
surficial materials to typical depths up to 12 feet within the dam footprint to found the 
dam on the very dense or cemented materials. It was recommended that keyway 
excavations extend into the abutments an estimated 15 to 30 feet into the slopes to 
found the embankment fill on native cemented materials. The abutment slopes were 
specified to be no steeper than 1H:lV. 

During construction, the depth of excavation was extended in the left abutment 
between about Stations 9+90 and 12+05, in an area that contained deep lenses of 
uncemented, relatively clean, pervious materials. Excavation of these materials to 
"firm, acceptable" materials was conducted under field direction. Between Stations 
11+00 and 11+35 cemented materials were reached within the chimney drain trench 
excavation, which extends below the central keyway. 

3.4.7 Embankment Materials. A typical cross section of Casandro Wash Dam is 
shown as Figure 1 of Appendix H. The design consists of a homogeneous 
embankment (Zone I) and 4-foot wide, central vertical chimney filterldrain (Zone 11). 
The vertical filterldrain extends 6 feet into the foundation below the base of the fill in 
the keyway, and is interconnected to four finger drain outlets (Zone 11) that daylight at 
the downstream toe. 

The Zone I and Zone I1 materials assumptions that were the basis for the design were 
derived from the original field and laboratory investigation (CH2M Hill, 1995a). The 
laboratory test results from the original field investigations are provided in Appendix 
H. A total of 40 samples were collected from 21 test pits and 13 soil borings in the 
dam foundation and upstream impoundment areas. 
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m Table 3-2 (Auvendix H) shows USCS classifications for each of 40 samvles. Of the . A. 

40 samples reported, 25 of them classified as well-graded sand (SW), siity sand (SM), 
or dual classification (SW-SM). Based on the few number of Atterberg limits tests 
that were performed, we assume that most of the classifications sho&e based on 
field observation, and are not based on laboratory testing and classification of the fines 
fraction. The % fines of the 24 samples tested ranged from 2.7% to 25.6% with an 
average value of 8.3%. Only 6 of the 24 samples tested contained more than 10% 
fines. Atterberg limits from two samples tested gave liquid limit values of 27% and 
33% and plasticity indices of 6% and 12%. 

The embankment section, including the vertical chimney drain, was designed based on 
the results presented in the attached Table 3-2 in Appendix H. The Zone I materials 
were assumed to be comprised predominantly of gravelly sands with less than 10 
percent silty fines. The designers included a substantial, pervious chimney drain in 
their design to control the anticipated high quantities of seepage through the Zone I. 
The drain material (Zone 11) was specified to consist of clean granular material with a 
permeability of 1 footlmin (0.5 cmtsec) (CH2M Hill, 199%). Filter compatibility for 
Zone I1 with Zone I base soil was a consideration in the drain material design, but the 
designers considered drainage, not filter protection, as the primary function of the 
chimney drain. 

Table 1 of Appendix H summarizes test results from the construction-phase testing, 
which are assumed to be representative of the actual in-place constructed Zone I 
materials. Testing results on the Zone I materials throughout the remainder of dam 
construction indicated similar results as shown in Appendix H on Table 1 (RAM, 
1996). 

It is evident based on review of the design assumptions, original field and laboratory 
investigation results, and construction records, that the materials used to construct the 
dam are moderately different from the materials that were the basis for design and 
construction specifications. Actual Zone I materials used in construction were silty or 
clayey gravelly sands with between 10 and 24 percent, low plasticity fines, as 
summarized in Appendix H on Table 1 (RAM, 1996). The designers had assumed 
Zone I materials would be predominantly sands with less than 10% silty fines, as 
shown on the attached design report Table 3-2 in Appendix H. As a consequence, the 
results of seepage analyses used to develop specifications for the Zone I1 filterldrain 
material may not be representative of the conditions that are now expected in the field. 
This issue is discussed in more detail in the following section. 

3.4.8 Filtermrain Desien and Construction. A vertical filterldrain svstem was - , 
installed in the embankment for the purpose of controlling seepage during water 
impoundment events. The filterldrain system was designed based on the assumution 
of full impoundment for sufficiently long time periodsio result in full development of 
steady state seepage through the embankment, using permeability assumptions 
obtained from the original field and laboratory investigation (CH2M Hill, 1995a). 
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3.4.8.1 Drainage Capacity. Seepage analyses were performed using an analytical 
approach and a "simple Darcy's Law seepage model" to estimate how quickly seepage 
would penetrate into the dam during impoundment events (CH2M Hill, 1995b). The 
vertical hydraulic conductivity (kv) of Zone I materials was estimated to be 5 X 
c d s  based on laboratory permeability test results (see Appendix H attachment, Table 
3-2 from the Design Report Addendum 2, CH2M Hill, 1996b). The horizontal 
hydraulic conductivity (kh) was assumed to be 10 times the vertical, or 5 X 10" c d s .  
The Darcy seepage model assumed one dimensional horizontal flow and was used to 
estimate the rate of advancement of the seepage line towards the drain. Assuming the 
reservoir pool remained full throughout the period of infiltration, the results indicated 
that water would reach the drain within 5 to 10 days. 

Drain capacity requirements were then determined based on estimates of the quantity 
of seepage from a flow net constructed for the upstream Zone I section with the drain 
as the vertical discharge face and the high pool elevation on the upstream slope as 
boundary conditions. The assumptions implicit in this calculation are steady seepage 
and isotropic hydraulic conductivity k = 5 X 10" c d s .  Based on these assumptions, 
the quantity of flow into the chimney drain was computed as approximately 1 gpmlft 
of drain. For a 400 ft long drain the total estimated steady-state flow was 
approximately 400 gpm. 

a Review of the construction specifications indicates that the hydraulic conductivity of 
the Zone I1 material was specified to be a minimum of 1 Wmin. Gannett Fleming 
estimates the total capacity of a 4-foot wide granular chimney drain constructed with 
Zone I1 material (k = 1 ftlmin) to be about 12,000 gpm, as follows: 

9 p e r  /oar = kiA = (Ij?lmin)(l)(4j?* 13)  = 4 P 3  Irninlj? = 29.9gpm l fr  
Q ,o,o, = 29.9gprn lji * 4003  = 11,970gprn ;s: 12,000gpm 

where the gradient, i = 1 because the flow is vertical downward within the chimney 
section. This capacity is about 30 times the required capacity of 400 gpm, based on the 
flow net calculation by the designers. This capacity is about 30 times the required 
capacity of 400 gpm, based on the flow net calculation. 

The designers intended to use outlet pipes to convey seepage flows from the chimney 
drain to the downstream toe of the dam. Gannett Fleming reviewed the design 
calculations that were the basis for the outlet pipe size requirements (computation 
sheet titled "Chimney Drain Capacity" dated 3120194 by J. Livingston in appendix to 
CH2M Hill, 1995a, Volume 2). The designer calculation is shown on the data sheet as 
follows: 

"Check Flow to Drain Pipe - Vertical Flow" 
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Q = kiA 

Q = l o ~ ' ( f t / m i n ) ~  4(ft - drain width) * 7 . 4 ~ ( ~ a l /  f t3) * 400(ft - dam length) 
15iP) 

= 1 197 gpm 

It appears from the calculations above that the hydraulic conductivity of the Zone I1 
material was assumed to be 0.1 ft/min, or 10 times lower than the specified hydraulic 
conductivity, resulting in a total calculated maximum flow from the chimney drain to 
the outlets of 1,197 gpm. It is unclear why the designers used the lower hydraulic 
conductivity value (10.' ft/min) to size the outlet pipes, rather than the more 
conservative estimate (1 ft./min.) which would have resulted in a total flow to the 
drain of 11,970 gpm as shown above. 

The calculation presented on the computation sheet (1,197 gpm) appears to be the 
basis for sizing the outlet pipes. According to subsequent calculation sheets, the 
discharge was to be accommodated using two, 8-inch diameter outfall pipes, with an 
estimated combined capacity of 1,120 gpm. Gannett Fleming estimates that if the 
pipes had been installed, this would have provided a factor of safety equal to 2.8, as 
follows: 

outlet pipe capacity (two 8" dia. pipes) 1,120gpm 
FOS(as designed) = - - = 2.8 

total flow from dam from flow net 400gpm 

However, review of the construction drawings indicates that the outlet pipes were not 
installed in the finger drains, but instead, the finger drains were constructed of 
drainage rock (Zone I1 materials). Figure 2 of Appendix H shows details taken from 
the construction documents including the details for the finger drains. Four finger 
drains are shown, each constructed using the Zone I1 material, with cross-sections 10 ft 
wide by 3 ft-8 in high, and extending through the dam to discharge on the downstream 
toe. Without the 8-inch pipes, Gannett Fleming estimates the combined total 
capacity of these finger drains as follows (refer to Figure 2 of Appendix H for 
definition of parameters): 

q = - =  kh2 lftJmin * (3'67+1 ')' = 0.1 15p31minift = 0.86 gallminlft(ofdrain width) 
2 L 2 * 94.5ji 

Q = 0.86 gallminlft * 40P(cornbined with of 4drains) = 34 gallmin 

Where: q = capacity of finger drains per ft (width) of drain, k = hydraulic 
conductivity, h = head drop from top of finger drain at the location of the chimney 
(elevation 2136.67 ft) to the bottom of the drain at the toe of the dam (elevation 2132), 
L = length of finger drain from chimney section to toe of dam, as shown on Figure 2 in 
Appendix H. This calculation shows that the total combined capacity of the four 

Section 3 Technical Review Casandro.doc Page 3- 17 
KHA Project No. 091 131008 

FCD2003C015 
PCN: 5036.31 



~mn ~ i m ~ e y - H O ~  
111 - and Associates, Inc. 

Flood Control District 
of Maricopa County 

finger drains is 34 gpm. This capacity is substantially less than the required capacity 
of 400 gpm under steady seepage conditions, as estimated from the flow net. 

As part of this Individual Structures Assessment, Gannett Fleming has performed 
preliminary seepage analyses (see appendix H) which indicate that under normal flood 
scenarios, steady state seepage will not develop in Casandro Wash Dam. Therefore, 
the vertical filterldrain should see very little to no discharge from the upstream Zone I 
if the reservoir is drained within 10 days following flood impoundments, as 
anticipated. It is important to understand however that, because of the limited capacity 
of the finger drains, the overall drainage capacity of the internal filterldrain system is 
on the order of only about 34 gpm. This is substantially less than the designer's 
intended drain capacity of about 1,120 gpm, but could still be adequate according to 
our transient seepage analysis model which is described in Appendix H. In Appendix 
H, we provide recommendations for Phase I1 sampling, testing, and analyses that could 
be performed to confirm the expected seepage quantities and required capacity of the 
internal drain system. 

3.4.8.2 Filter Criteria. The primary benefit of the Zone I1 vertical filterldrain is as a 
filter to protect against piping of Zone I in the event that transverse cracks develop. 
The original filter design presented in CH2M Hill (1995a) was based on NAVFAC 
DM 7.1 (1992). This procedure differs from the more widely accepted standard that is 
outlined in Chapter 26, Part 633, of the National Engineering Handbook (NRCS, 
1994), in that, among other things, the base soil gradation curves are not adjusted for 
gravel content. Because the base soils contained significant quantities of gravel, the 
critical filtering requirement (D15f 1 D85b < 5) could allow for the filter to be too 
coarse. In fact, in the Design Report the maximum D15f for the filter initially was 
established too coarse, but the gradation that was actually specified and ultimately 
used to construct Zone I1 (summarized on Table 2 of Appendix H) does just meet the 
filtering requirement, as described in the Section 2 - Supplemental Geotechnical 
Analysis of Appendix H. 

The gradation band specified in the project contract documents, and summarized on 
Table 2 of Appendix H, was designed in accordance with the NAVFAC guidance 
document for both filtering and permeability considerations. To achieve the desired 
kmin = 1 Wmin characteristic, the designers established the filter band such that it met 
the filter requirements, but also encompassed typical gradation curves for granular 
drain materials that meet the permeability requirement. The design calculations refer 
to Figure 6, pp. 7.1-277, on the NAVFAC DM 7.1 as the basis for their design limits 
(CH2M Hill, 1995a). This figure shows typical permeability estimates for specific 
gradations of several drain materials. 

During construction the contractor had some difficulty meeting the specified kmin = 1 
ftlmin requirements for Zone I1 filter, and there was considerable discussion in the 
uroiect corresuondence regarding this issue. The urinciual concern noted in the . " - - 
correspondence dealt wit11 an apparent incomp~tibility between the Zone I1 gradation 
to meet both the filtration rcquiremcnts and rhc specified minimum hydrat~lic 
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conductivity (kmin = 1 Wmin). The contractor initially experienced several failed 
attempts to achieve the permeability requirement with materials that were processed 
and blended to meet the gradation specification. 

Following the initial trials, the engineer of record (Ken Ricker) checked the filtering 
requirements for the revised Zone I gradations using the current methodology (NRCS, 
1994), and developed a revised filter band. Ultimately, the hydraulic conductivity 
requirement was reduced to 0.8 Wmin, which allowed the contractor to meet the 
modified specification while staying within the revised gradation band. 

In order to compensate for the assumed reduced hydraulic capacity, the cross-sectional 
areas of the finger drains were increased by 20 percent. It is assumed that the finger 
drain capacity as constructed is roughly equivalent to the capacity as calculated 
previously (approximately 34 gallmin) for the smaller finger drains with higher k. 

3.4.9 Original Slope Stability Analyses. The designers assumed the parameters 
shown on Table 3 of Appendix H for the slope stability analyses, based on laboratory 
direct shear testing of 6 remolded samples (CH2M Hill, 1995a). Alternate strength 
assumptions for the Zone I fill were developed based on triaxial shear testing of 
samples with higher fines content (TP-15, B-1, with 25.6 percent low plasticity fines). 
The designers did not anticipate these samples as being representative of the Zone I 
fill. All samples were obtained from the surficial soils in the dam foundation and the 

0 upstream reservoir areas. Slope stability analysis results were reported for the 
expected strength and loading conditions shown on Table 4 of Appendix H. Table 5 
of Appendix H provides the results of slope stability analyses for various loading 
conditions under the alternate strength assumptions. 

The designers evaluated the upstream slope for a rapid drawdown condition under the 
assumptions that a full phreatic line could develop up to the emergency spillway 
elevation, and that no dissipation of pore pressures would occur following 
instantaneous drawdown from full to a pool level corresponding to % the full level. 
This limitation on the instantaneous drawdown level achieved the required minimum 
factor of safety = 1.2. 

The pseudo-static analysis were done assuming a pseudo static coefficient = O.lg. 
This coefficient is equal to the estimated peak ground acceleration based on a review 
of existing regional seismicity data and studies of known faults. The data review is 
summarized in the Geotechnical Report (CH2M Hill, 1995a). 

Downstream slope stability was evaluated for both dry slope conditions (assuming the 
drain intercepts seepage) and an assumed steady seepage condition without the internal 
drain (phreatic line emerging on the downstream slope). Computed factors of safety 
were acceptable, even for the conservative seepage assumption for the 3H:lV slope. It 
is believed that the downstream slope inclination was controlled not by stability 
considerations, but rather by constructability considerations for the emergency 
spillway over the dam. 
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3.4.10 Embankment Settlement. Settlement of the embankment and foundation was 
estimated using elastic theory. Compressions of between 1 and 1.3 inches were 
estimated for both the foundation and embankment, resulting in a total settlement of 
approximately 2 to 3 inches maximum. To accommodate anticipated settlements, the 
designers recommended increasing the height of the dam by 6 inches. 

3.4.11 Penetrations through the Embankment and Foundation. In the original 
design there were to have been 4 new pipes passing through the embankment and 
foundation as follows: relocated sanitary sewer pipe, low flow outlet pipe, and 2 pipes 
to drain the chimney drain (CH2M Hill, 1995a). Kimley-Horn or Gannett Fleming 
could find no record that the chimney drain outfall pipes were installed. Instead, as 
described in this report, four granular finger drains were used to provide drainage 
outlets for the chimney drain. 

Outlet Pipe. The primary outlet is a 36-inch diameter reinforced concrete pipe that 
extends through the embankment fill, emerges through the spillway chute slab, and 
discharges into the stilling basin. The original design recommended the pipe be 
installed by placing the embankment fill to an elevation approximately 2 feet above 
the top of the pipe, then excavating the pipe trench into the compacted fill. In the 
original design, the outlet pipe trench was to be backfilled with concrete slurry up to 
the top of the trench between the upstream face of the dam to 4 feet downstream from 
the chimney drain, then backfilled with chimney drain material (Zone 11) from that 
point to the spillway. During construction, the inspectors realized that this would 
result in an unintended outlet for the chimney drain at a lower elevation than the finger 
drains, which were the intended outlets. A field change was made which eliminated 
the Zone I1 backfill downstream from the chimney section, such that the pipe was 
installed downstream from the chimney in a similar manner as upstream. The 
penetration of the pipe through the chimney section provides a filter diaphragm for the 
pipe. 

3.4.12 Erosion Protection below Emergency Spillway. The depth of the cutoff wall 
below the emergency spillway stilling basin was estimated using a procedure outlined 
in the District's Hydraulics Manual for estimating local scour hole geometry at outlet 
structures. This procedure predicted a maximum scour hole depth of 8.8 ft located 60 
ft downstream from the stilling basin. In the original design report, it was assumed 
that no riprap protection would be provided downstream from the stilling basin 
(CH2M Hill, 1995a). To protect the stilling basin from undermining by scour during 
large flow events, the designers recommended incorporating an 8 ft  deep cut-off wall 
below the stilling basin. 

As-built drawings indicate the cutoff wall extends 11.5 ft below the ground surface, 
and about 5.5 ft below the stilling basin slab. This wall extends around the end and 
both sides of the stilling basin. Also, a 4-ft deep riprap apron was constructed 
downstream from the stilling basin. The riprap extends across the 8 0 3  width of the 
stilling basin and an estimated 40 feet downstream from the structure. No riprap was 
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0 placed behind the stilling basin walls on either side, and this area may be vulnerable to 
erosion and scour during major flood events. 

3.4.13 Under-drainage Measures for Emergency Spillway Chute and Stilling 
Basin Slab. The design incorporated several features to provide drainage for the 
emergency spillway which is constructed as a concrete weir and chute over the dam. 
These spillway drainage elements are described as follows: 

Zone I1 material was placed in an 8 to 12-inch layer under the chute slab, and as the 
lower 2 feet of backfill behind the vertical chute walls. The under-slab drainage layer 
was placed directly on the 3H:lV downstream slope using a wire mesh to stabilize and 
support the granular drain rock material and facilitate slab construction. The chute 
under-drain ties into the chimney drain near the top of the chute, and outlet pipes are 
provided through the chute walls at various locations down the sloping backfill. In 
addition to its intended function as a drainage layer, the Zone I1 material also is 
intended to serve as a protective filter to prevent fines from being sucked up through 
cracks in the slab if negative pressures were to develop at vertical offsets in the slab. 
A 12-inch layer of Zone I1 material was placed beneath the horizontal stilling basin 
slab, and ties into the sloping chute under-drain. Slotted PVC drain pipes were 
installed within the granular layer which discharge through the chute walls a few feet 
above the elevation of the top of the stilling basin slab. The design intent is for this 
under-drain to relieve potentially damaging hydraulic uplift pressures beneath the slab 
following discharge events. The designers also incorporated an 11.5 ft deep vertical 
cutoff wall extending around the downstream end and sides of the stilling basin to 
minimize the flow towards the stilling basin, and to protect against undermining as 
described previously. 

3.4.14 Summary of Key Findings from the Geotechnical Data Review. 

Design Phase Site Investigation and Testing. The number of exploration pits and 
borings, number and types of samples collected, and number and types of laboratory 
tests that were done during the design phase were quite reasonable for a dam of this 
size. However, there were some deficiencies in the investigation program that are 
worth noting. A key issue was the evidently inaccurate characterization of the Zone I 
materials - the primary material used to construct the dam. The designers believed 
this material would be predominantly clean to slightly silty gravelly sand with less 
than lo%, non-plastic fines. This assumption was based on the results of the 
laboratory test program. Shear strength and hydraulic conductivity parameters that 
were assumed for the design analyses were based on laboratory testing of these low 
fines content materials. 

The majority of Zone I materials that were encountered during the construction phase 
contained significantly higher amounts of low plasticity, clayey fines (>lo% up to 
24%). The reason for this discrepancy is not totally clear from the project records. It 
is clear that the engineers of record for the construction phase were aware that this 
discrepancy could have had significant impacts on key design analyses, especially 
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0 slope stability and filter design, and check analyses were done to ensure that essential 
criteria would be met. These check analyses included verification of the filter 
compatibility for the finer Zone I base soils using modem filter criteria (NRCS, 1994). 
The ADWR also requested additional stability analyses using alternative strength 
assumptions based on testing of soils with higher fines content. These additional 
stability analyses were completed as described in Addendum 2 to the Design Report, 
and the results are summarized on Table 5 in Appendix H. 

Zone I1 Chimney Drain. The designers assumed that full and rapid development of a 
phreatic line would occur within the dam during extreme flood events, and used this 
assumption as primary justification for incorporating a high-capacity internal chimney 
drain in their embankment design. As constructed, the actual capacity of the internal 
drain system is severely constrained by the limited cross-sectional area and 
permeability of the Zone I1 finger drains. The evident design intent was that the drain 
system should have substantial hydraulic capacity, on the order of 3 times the 
estimated worst-case seepage estimate. This estimated design capacity was based on 
the outlet portion of the drain system comprised of two, 8-inch pipes. However, as 
constructed, these outlet pipes were not installed, and instead four granular finger 
drains were constructed to provide the outlets for the chimney drain. Gannett Fleming 
could not locate any design calculations related to sizing of the finger drains. Our 
independent calculation (presented in Appendix H) indicates that the total finger drain 
capacity is about 34 gallmin, which is substantially less than the 1120 gallmin capacity 
of the outlet pipes assumed by the designers. 

The project reviewers and geotechnical engineer of record during constmction 
recognized that the critical function of Zone I1 is not as a drain, but as a filter to protect 
against internal erosion and piping of the Zone I. An excessive amount of time and 
effort was spent during construction in trying to comply with a specification standard 
for permeability that was not only in conflict with the gradation specification required 
to achieve filtration, but was ultimately unnecessary, as indicated by supplemental 
seepage analysis provided in Appendix H. Transient seepage analysis show that 
seepage into the chimney drain is likely to be minimal, even during extreme flood 
events, due to the limited impoundment times anticipated for this flood retention 
structure. 

3.5 Supplemental Geotechnical Analysis 

3.5.1 Supplemental Seepage and Slope Stability Analysis. In support of the Phase I 
Structures Assessment, Gannett Fleming conducted preliminary supplemental seepage 
and slope stability analysis for Casandro Wash Dam to document the expected 
stability of the structure under anticipated phreatic surface conditions. The key design 
assumption used in the original stability analysis by CH2M Hill is suspect for the 
following reasons: 

Design Assumption: Development of a steady state phreatic line - The 
original design assumed that a steady state phreatic line would be likely to 
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develop within the dam because the embankment was expected to be 
constructed of relatively pervious Zone I materials comprised predominantly of 
clean to slightly silty gravelly sands. 

Revised Assumution No. 1: Development of a high-level steady state phreatic 
line is not likely because (1) the Zone I materials actually used to construct the 
dam had between 10 and 24 percent clayey fines and would therefore not be 
pervious, and (2) the maximum detention time for a 100-year event will be less 
than 10 days, assuming the outlet does not clog. In our estimation, this is 
insufficient time for a high-level steady state seepage line to develop. 

Gannett Fleming conducted preliminary seepage analyses using a numerical model 
(SEEPIW) that allows simulation of the transient wetting front advance into the 
upstream shell of the dam during a storm detention event, or sequence of events. The 
results are shown on Figure 3 of Appendix H for a sequence of two back-to-back 100- 
year floods. 

The SEEPIW model correctly accounts for unsaturated and saturated hydraulic 
conductivities and gradients within the soil to predict the rate of infiltration during a 
temporary impoundment event. A standard "Silty Sand" material type was selected 
from the model's database to represent the Casandro Wash Dam embankment 
materials. The database provides the necessary unsaturated hydraulic parameters for 
use in the simulation. The vertical saturated hydraulic conductivity was assumed to be 
1.4 ftlday (5 X 10-4 cnds). This was the value used by the original designers based on 
laboratory tests on materials containing less than 10 percent fines, as reported in the 
Geotechnical Report (CH2M Hill, 1975a). As previously stated, these materials are 
likely not representative of materials actually used to construct Zone I, which 
contained higher percentages of low plasticity fines. However, this high vertical 
hydraulic conductivity assumption is expected to provide conservative results for the 
seepage estimate. The embankment was modeled as a homogeneous section, with a 
horizontal:verticaI anisotropy (Wkv) ratio of 10: 1 for the hydraulic conductivity. 

Figure 3 of Appendix H shows the simulated development of the seepage line into the 
embankment with time during a sequence of two consecutive 100-year events 
(multiple storm scenario). This impoundment scenario was modeled to estimate a 
conservative phreatic line for use in evaluating slope stability during drawdown. It is 
evident that even following multiple storm events, the wetting front will advance to a 
very limited extent into the dam. Also, the model results indicate rapid dissipation of 
the upstream pore pressures as the pool level drops. 

Slope stability was analyzed using the program SLOPEIW, which imports the 
estimated pore pressures from the SEEPIW analysis. Stability was evaluated using the 
same material property assumptions that the CH2M Hill designers used (as 
summarized in Appendix H on Table 3) except that a small cohesion intercept (c = 10 
psf) was assigned for the strength estimate in order to exclude non-critical, extremely 
shallow (infinite slope) failure surface results. Figures 4 and 5 of Appendix H show 
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the estimated minimum factors of safety for the upstream slope at two times: (1) 
during drawdown after the 2nd flood impoundment (factor of safety = 3.0), and (2) 
after drawdown to the sediment pool level immediately following two consecutive 
impoundment events (factor of safety = 2.7). The factor of safety is slightly higher at 
the intermediate impoundment stage (during drawdown) because the pool provides 
additional buttressing against the slope. Note that the slope is predicted to be nearly 
completely drained (low phreatic line) immediately following the two events, based on 
the assumptions used in the model for impoundment times, drawdown times, and 
hydraulic conductivity of the materials. 

Slope stability for the downstream slope was also checked, although the original 
analysis was considered appropriate and correct. The factor of safety = 2.7 is in 
agreement with the original computation. The results of the preliminary supplemental 
seepage and slope stability analyses are summarized on Table 6 of Appendix H. 

3.5.2 Compatibility of Zone 11 Drain Fill as Filter for Zone I. Zone I1 is shown on 
the as-built drawings as a 4-ft wide, vertical chimney drain positioned under the 
downstream side of the dam crest. This zone was designed to act as both a drain and a 
filter. Its most important function is to serve as a filter to protect against potential 
internal erosion and piping of the core materials in the event of transverse crack 
development. Because of its critical function as a filter, the Zone I1 gradation was 
checked against current filter criteria in accordance with the NRCS, National 
Engineering Handbook, Chapter 26 "Gradation Design of Sand and Gravel Filters" 
(NRCS, 1994). This check was performed by the engineer of record during 
construction (RAM, 1996). 

Figure 7 of Appendix H shows what is believed to be a representative gradation curve 
for the finer materials used in the Zone I "Base Soil" (graphed with solid circle 
symbols). This gradation curve was developed for a field sample from the "SC 
Stockpile" from the construction records, and has about 24 percent fines content. The 
sample classifies as a low plasticity clayey gravelly sand SC according to the Unified 
Soil Classification system (USCS). A second base soil gradation curve was also 
developed (graphed with solid triangles) from a sample derived from the "NC 
Stockpile", and had about 12 percent fines content. 

The base soil gradation curves (solid symbols) were adjusted for gravel content as 
shown by the curves graphed with open symbols on Figure 7 of Appendix H. The 
filtering and permeability (k) criteria for the adjusted curves are shown by the solid 
circles and solid triangles, respectively, on the 15% passing line. The coarse side of 
the Zone I1 specification band just achieves the recommended filtering limit for the 
finest base soils. Zone I1 does meet the permeability criteria for both base soil 
gradations. 
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Construction activities of Casandro Wash Dam were documented in several key 
reports. A "Summary Report - Casandro Wash Dam" was prepared by Ricker 
Atkinson McBee & Associates Inc. (RAM, 1996) that chronologically summarized the 
construction of the dam. RAM provided construction oversight of the dam on behalf 
of the District and the design engineer. Award of dam construction was made to Roy 
E. Ladd Construction. Construction activities were initiated in January 1996 and 
substantial completion of the dam noted in August 1996. A second report 
documenting major obstacles in construction was the minutes of the meeting held on 
July 16, 1996 "Post Construction Critique". The meeting reviewed the major 
construction problems incurred at the site and the resolution of those problems. Both 
reports discussed the major issues. These reports are on file at the District. The major 
construction issues extracted from the two reports are (but not limited to): 

Zone I1 material: conflicting specifications on gradation, uniformity 
coefficient, and permeability. 
36-inch Outlet Pipe: D-Load interpretation. 
Sanitary Sewer Manhole #3: Moved 100 feet from design plans. 
Moved to edge of downstream embankment. ADWR had concerns 
regarding this placement. 
Intersection of chimney drain and 12-inch sewer: No details provided 
on plans for this intersection. Sewer line passes right through chimney 
drain. 
Spillway Drain (Zone I1 materials): Zone I1 material on spillway drain 
with a 3:l H:V slope was found to be unstable. Decision was to place 
% inch mesh on the top of the material. 
Alignment of Two Finger Drains: Two of the four finger drains were 
field adjusted. The realignment was to reduce the length of the finger 
drains by 100 feet. 

3.7 Utilities 

A sanitary sewer was relocated as part of the construction of Casandro Wash Dam. 
The sewer is owned by the Town of Wickenburg. The relocated sewer line is a 12- 
inch ductile iron pipe that replaced a 10-inch pipe which was removed from the dam 
foundation. The relocated sewer crosses the dam axis at about Station 14+59, south of 
the emergency spillway, at elevation 2121.6. The new sewer pipe was trenched into 
native foundation material, and the pipe is encased in concrete slurry from just 
upstream from the dam to the downstream sanitary manhole at the downstream toe of 
the dam, except as follows: 

The relocated sewer pipe crosses through the Zone I1 chimney drain trench, 
approximately 4.5 ft above the bottom of the trench. A special construction detail was 
prepared in the field, and review of the as-built plan indicates that the chimney drain 
material extends all around the sanitary sewer pipe, serving as a filter diaphragm. 
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0 The pipe is founded in the native, cemented soils except from Sta 101-30 to 10+90 
(stationing on the sewer-line), where the pipe invert was above grade. Special details 
were developed in the field to form the concrete pipe encasement through this reach, 
and to construct the fill around the pipe to ensure good compaction against the formed 
concrete. 

Figure 5 (Appendix Figures) shows the location of utilities in relationship to 
Casandro Wash Dam. 

3.8 Emergency Action Plan 

The Flood Control District has an Emergency Action Plan for Casandro Wash Dam 
(FCD, November 2003). The EAP appears to meet the minimum requirements 
published in the Federal Emergency Management Agency guidelines FEMA 64 
Emergency Action Planning for Dam Owners (FEMA, October 1998). The EAP 
provides an EAP flowchart based on percent reservoir impoundment on reservoir 
filling. However, the text (page 5 of the EAP) presents the flowchart based on percent 
spillway capacity. This discrepancy should be corrected in an updated EAP. 

The EAP provides inundation mapping for spillway discharges as well as for potential 
dambreak. The inundation mapping for Sunnycove FRS is displayed on the same 
figures as shown for Sunset FRS. Although there is a remote probability that both 
dams may incur impoundments at the same time it is unlikely that spillway discharges 
andlor dambreaks will occur concurrently. The inundation mapping exhibit in the 
EAP for Sunnycove should be shown independent of Sunset FRS. 

The EAP flowchart is divided into actions items based on percent reservoir filling. 
The flowchart is divided into 10,25,50,90, and 100 percent response actions. The 
five levels of action may occur in a relatively short time frame given the expected 
rapid filling of the reservoir. Kimley-Horn suggests that the EAP flowchart percent 
levels be reduced and given consideration for the time to fill the impoundment during 
large event storms. 

The Maricopa County Department of Emergency Management currently has an 
Emergency Operation Plan (McDEM, 1999) that outlines the procedures and duties of 
various agencies which are activated in emergency flood situations. Sunnycove FRS 
is included the McDEM Plan. 

The District has prepared a Flood Emergency Response Manual (FERM) (FCD, 
January 2002) that presents the most current duties for District personnel during 
significant rainfall events andlor flood emergencies. The FERM indicates that District 
personnel will be sent to observe the dam during flood emergencies or when weather 
conditions merit observation. The manual states that the District Operation and 
Maintenance Division will be notified at an impoundment depth of 21.8 feet. In 
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addition, McDEM would be notified at an impoundment depth of 28.5 feet (7 foot 
difference). 

The notification levels form the FERM and the Emergency Operation Plan are 
presented in the table below. The table shows a discrepancy in the notification levels 
in the two plans. 

Section 3 Technical Review ~&andro.doe 
KHAProJect No. 091 131008 

Page 3- 27 FCD2003C015 
PCN: 50.3631 



E'n Kimley-Horn 
11I - and Asscciates, lnc. 

Flood Conhol Dishict 
of Maricopa County 

4.0 PRELIMINARY FAILURE MODES 

Kimley-Horn and Associates, Inc. ( M A )  facilitated a Preliminary Failure Modes 
Identification workshop for Sunnycove FRS conducted on February 24,2004. The 
overall objective of the workshop was to develop a comprehensive list of potential failure 
modes for the structure and appurtenances. The workshop was conducted at the offices 
of the Flood Control District of Maricopa County. The following individuals participated 
in the workshop: 

Tom Renckly, P.E. Flood Control District 
Mike Greenslade, P.E. Flood Control District 
Andrew Dziobek, P.E. Natural Resources Conservation Service 
Bob Eichinger, P.E., CFM Kimley-Horn and Associates, Inc. 
Kelli Blanchard, EIT Kimley-Horn and Associates, Inc. 
Debora Miller, Ph.D, P.E. Gannett Fleming, Inc. 
Ken Euge, R.G. Geological Consultants, h c .  

The workshop participants identified key issues that would require additional review or 
assessment during the Structure Assessment and field inspections. A detailed Failure 
Modes and Effect Analysis (FMEA) was conducted subsequent to this Preliminary 
Failure Modes Workshop. The main potential failure modes and items reviewed during 
the Preliminary Failure Mode Workshop are as follows: 

1. Embankment Overtopping: The embankment crest and downstream slope are 
protected against minor erosion. Overtopping of the embankment could lead to 
erosion and formation of a breach. 

2. Downstream Impacts: This pertains not only to downstream impacts due to 
failure of one of more components of the dam, but impacts that would result from 
normal operations at the facility. 

3. Erosion at the Emergency Spillway: The emergency spillway is a concrete- 
lined chute. 

4. Failure of Principal Outlet: The principal outlet (PO) for the dam is a 
reinforced concrete pipe 36 inches in diameter. 

5. Piping Involving Foundation and Abutments: Relates to potential piping 
erosion of soil materials from the embankment fill into the foundation and/or 
developing through the foundation under the embankment. 

6. Erosion and Piping through the Embankment: This failure mode relates to the 
concentrated leakage piping along a transverse crack, or along a penetration 
through the dam (outlet pipes andlor utility conduits). 
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7. Slope Stability: This failure mode covers both the upstream and downstream 
slopes of the embankment. 

8. Failure Mechanisms Associated with Presence of Collapsible Soils in Dam 
Foundation: This failure mode relates to the potential for collapse on saturation 
of meta-stable soils in the dam foundation. Geologic mappingboring 
logs/laboratory test data will be reviewed to assess to the extent practical the 
presence of potentially collapsible materials. 

9. Failure Mechanisms Associated with Earth Fissures: Previous as well as 
current investigations by others have identified a strong potential for earth fissures 
at a number of FCD structures. This potential failure mode is an unlikely 
scenario. 

10. Other considerations: This section addresses issues that are not directly related 
to a failure of the dam or its appurtenant facilities, but which nonetheless may be 
relevant to the FMEA: 

a. Qualitatively assess the impact of discharge from the emergency spillway 
on the downstream areas. Obtain spillway delineation study or FEMA 
study for Casandro Wash. 

b. Qualitatively assess the impact of groundwater withdrawal in the vicinity 
of the dam. 

c.  Outlet flows, cavitations of spillways. 

A detailed report of the Preliminary Failure Mode Workshop is presented in Appendix 
D. 
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5.0 Land Use 

This section discusses data on the existing and future land use upstream and downstream 
of Casandro Wash Dam. Land use information for Casandro Wash Dam was collected to 
allow a qualitative assessment of the consequence of dam failure andfor spillway 
inundation flood events. The scope of the study required review of 2 miles upstream and 
downstream of the dam. 

5.1 Source of Data 

The Flood Control District of Maricopa County provided aerial photography, information 
regarding dam pools and flood retention structures, and land use information. 

5.2 Description of Land Use Categories 

The main categories inventoried for land use included residential, commercial, 
educational facilities, public facilities, active open space, and mixed use jurisdiction 
defined) (see Figures 6 and 7 in Figures Appendix). These categories as discussed in 
MAG (2000) are described briefly below: 

Residential land uses include estate residential (115-1 unit per acre), single family 
(small lot 4-6 units per acre to medium lot 2-4 units per acre) and multi-family 
(10-15 units per acre). There are several areas designated as single-family (small 
lot) residential land located directly downstream and directly northwest of the 
dam. Land area designated as estate residential land is located throughout the 2 
mile radius, as shown on Figure 6. 
Commercial land uses include retail establishments, office buildings, hotels, and 
warehouses. Commercial land that contains 50,000 to 100,000 sq. ft  is classified 
as Neighborhood Commercial land. Commercial land of 100,000-500,000 sq ft  is 
classified as Community Commercial. There are several areas designated as 
community commercial land located with 5,000 ft  downstream of the dam and 
adjacent to the right abutment. 
Public Facilities include community centers, power sub-stations, libraries, city 
halls, policelfire stations, and other government facilities). There are several 
areas designated as public facilities located within 4,000 ft downstream of the 
dam. 
Educational land uses include public schools, private school and universities. 

5.3 Existing Land Use 

Existing land uses in the study area generally are characterized as residential, 
commercial, or as public facilities. This information is depicted on Figure 6 and is 
summarized as follow: 

Wickenburg Way/US 60 is a major road for the Town of Wickenburg and 
contains a large portion of land designated as community commercial lots. This 
road is located approximately 400 feet south of Casandro Wash Dam and runs 
upstream and downstream of the dam. 
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Residential land surrounds the dam and is located directly downstream of the dam 
as well as properties located upstream and at the left abutment. 
No new residential development was recorded for this dam. 

5.4 Proposed Land Use 

Future land use plans were obtained through the District. There are no significant 
changes. A portion of the active open space has changed to industrial land use and is 
locate within 9,500 feet upstream of the dam. Also downstream of the dam, on the east 
side of the Gila River the active open space has changed to residential land. These trends 
illustrate a trend from converting open space into more intense land use categories 
("infilling"). 
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6.0 FIELD INSPECTIONS 

6.1 Previous Inspections 

Kimley-Horn reviewed field inspection reports for Casandro Wash Dam from project files at the 
Flood Control District and Arizona Department of Water Resources. The reports collected from 
these sources date to October 21, 1997. A total of 3 inspections from October 1997 to November 
2003 were reviewed as part of this task and are summarized in the table below. 

Key findings documented in the above mentioned field inspection reports include the following: 

In 1997 it was noted that headcutting was occurring in the outfall area just downstream of 
dam and needed repair. ~eadcuttin~-continue through 2003. 
1997-sediment build up was occurring at the box structure at Navaio and Jackson Sheet, 
structure needs to cleaned and clearedof sediment. 
In 2002 rilling was noted on the left abutment area, where gravel mulch was not placed. 
Minor spalling on the right side of the ogee crest, was noted in 2002, no repairs required. 
In 2002 and 2003 shrinkage and/or temperature cracks on emergency spillway control 
structure, channel, and stilling basin. No structural cracks were noted, no repairs 
required. 
In 2003 riprap lined downsheam of stilling basin. 
In 2003 rilling left of the emergency spillway was repaired when gravel mulch was 
applied in 2003. 
Erosion gullies were report on the downstream slope in 1997, with a note of repair 
needed. 
In 2002 scattered rills throughout both slopes and erosion in emergency spillway 
approach channel. 
In 2003 gravel mulch was applied to the upstream and downstream slope. 
In 2003 the principal spillway conduit was videotaped. 
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Summary of Casandro Wash Dam Inspection Reports 

Ken Hussain Chuck Smith 

Ernie Hamer 

Impoundment on 9/26/97 of 11.5ft 

Minor rilling on both upstream and downstream slopes need to be repaired 

FCD crews recently performed routine maintenance throughout the project area 

Headcuning occuning in the outfall area just downstream of the dam needs to be repaired 

Sediment build up is occurring at the box structure at Navajo and Jackson Street, structure 
needs to be cleaned and cleared of sediment 
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Rilling near the lefi abutment area where gravel mulch was not placed. Need to complete 
gravel mulch application on the upstream slope 1 
Rilling left of the emergency spillway. Schedule gravel mulch application at the left abutment 
area 

Video inspection of Principal Spillway conduit scheduled FY 2002-003 
llrnor spslls on the r~ght slde of ogec cresr, no repurs rcqu~rcd I 
Shr~nkape and or temperature crack on emergency sp~ll\\sy control srmcrure, zhmncl, I 

Eltended riprap in right doansrream groin area where crosron !\,as occurring (2003) I 
Video inspccrion of Principal Spilluay condurt completed in 2003. No problems norcd 

I 

John Chua 

1 Riprap lined downstream of stilling basin 

stilling Basin. No s&ctural cracks noted. NO repairs required. 
Headcutting downstream of emergency spillway outlet channel 

Gravel mulch place on upstream slope in 2003. No tilling noted where mulch placed 

Rilling left of the emergency spillway repaired when gravel mulch was applied in 2003 

Head cuning downstream. No apparent change in 2003 
Surveyed in 2003 and scheduled for 2004 
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As part of the Phase I Assessment for Casandro Wash Dam, a visual inspection of Casandro 
Wash Dam and its appurtenant structures was performed on February 25,2004. The inspection 
team included Mike Meng of the District, Bob Eichinger, P.E., CFM, Kimley-Horn and 
Associates, Inc., Debora Miller, Ph.D, P.E., Gannett Fleming, Inc., Ken Euge, R.G. Geological 
Consultants, Inc. and Enamul Hoque P. E., Hoque & Associates, Inc. Key elements of the dam 
system including the emergency spillway and the principal outlet were inspected by all members 
of the inspection team. 

The inspection team spilt into two groups to inspect the dam embankment. The team walked 
along the upstream and downstream embankment toes and the crest of the dam embankment. 
Key features observed during the inspection were documented in field notes and photographed. 
A detailed inspection report is included in Appendix E. Appendix E also includes photographs 
and the inspection form used to document the field conditions. Key findings are summarized as 
follow: 

Gravel mulch place on upstream and downstream slopes in 2003. 
Gravel mulch is thinner than at either Sunnycove or Sunset FRS. 
Animal burrows were spotted through upstream and downstream slope and on crest. 

6.3 Signs of Distress 

Based on the field inspection performed by the Kimley-Horn team, historic inspection reports by 
ADWR and the District and the results of FMEA for the FRS, no major signs of distress have 
been identified relative to Casandro Wash Dam and its appurtenant facilities. 

6.4 Safety Deficiencies 

Based on the field inspection performed by the Kimley-Horn team, historic inspection reports by 
ADWR and the District and the results of FMEA for the FRS, no safety deficiencies have been 
identified relative to Casandro Wash Dam and its appurtenant facilities. 
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7.1 Introduction 

Kimley-Horn and Associates, Inc. and the FMEA team conducted a failure modes and 
effects analysis for Casandro Wash Dam. The FMEA is a qualitative risk-based 
procedure that can be usefully applied to any engineered system, especially for those with 
complex components or component interactions. The FMEA relies on the collective 
engineering judgment of experience professionals in a workshop setting to describe 
potential failure modes, the likelihood of that potential failure mode, and the potential 
consequences resulting from the failure. 

The workshop was conducted on March 4,2004. The workshop participant included: 

Tom Renckly, P.E., Flood Control District of Maricopa County, Project Manager, 
Michael Greenslade, P.E., Flood Control District of Maricopa County, Dam Safety 
Engineer 
Bob Eichinger, P.E., CFM, Kimley-Horn and Associates, Inc., Project Manager 
Larry Von Thun, P.E, Dam Consultant and FMEA Facilitator 
Debbie Miller, P.E., PhD, Gannett Fleming, Inc. Geotechnical 
Ken Euge, R.G., Geological Consultants, Geology 
Kelli Blanchard, E.I.T, Kimley-Horn and Associates, Inc, Session Recorder 

The detailed Failure Mode and Effects Analysis Report is provided in Appendix F of this 
report. The FMEA report was reviewed the FMEA team. 

The purpose and scope of the FMEA exercise was to: 
Identify potential site-specific failure modes for the dam. 

= Discuss qualitatively the likelihood of the occurrence of potential failure modes. 
Determine whether or not, and how, important the potential failure mechanisms are 
being monitored. 
Examine the potential consequences of failure and the adverse consequences of 
successful operation during flood loading (e.g. - large spillway releases). 

= Identify possible risk reduction actions that may be taken to reduce the likelihood of 
failure or to mitigate adverse consequences. 

= Determine what information, investigations or analyses may be needed to resolve 
uncertainties relative to potential failure modes. 

7.2 FEMA Procedure. 

The FMEA workshop was conducted in the following steps: 

Define the Svstem: This process involves developing a detailed description of 
the dam system and its components. This is an important step in 
understanding how the system components operate and relate and how the 
components or system may fail. 
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Define System Potential Failure: Typically, failure of a dam is defined as the 
uncontrolled release of the reservoir. This definition was modified to include 
emergency spillway discharges during normal operations of the facility. 
Define Likelihood and Consequence Categories: The likelihood of 
consequences of potential failure were divided into three broad categories: 
low, medium, and high. 
Identify Potential Failure Modes: This step involves examining each 
component in detail to identify the ways in which it might cause a system 
failure. 
Evaluate Failure Modes: A likelihood and consequence category was 
assigned to each potential Class I or Class I1 failure mode. 
Binning: A two-dimensional arraylmatrix was used to "combine" the 
likelihood and consequence to obtain the relative risk associated with each 
potential Class I and Class I1 failure mode. 
Documentation: The results of the FMEA were documents in a detailed 
report prepared by Kimley-Horn and reviewed by the FMEA team. The 
detailed report is included in Appendix F. 

7.3 FMEA Results 

The FMEA for Casandro Wash Dam did not identify any potential failure modes with a 
high likelihood and high consequence. The following Category I and I1 failure modes 
were assigned a low likelihood of occurrence and a high consequence to a high likelihood 
and low consequence: 

Potential Adverse Consequences Resulting from Emergency Spillway Discharges 
During Major Rainfall Events (Category I). 

Potential Adverse Consequence Description: The Casandro Wash Dam emergency 
spillway is an 80 foot wide reinforced concrete chute spillway located in the middle of 
the main dam embankment. Normal flood discharges from the spillway are directed into 
a natural, shallow, ill defined wash that is bounded by development. The flows continue 
in the wash and are directed toward residential development within the Town of 
Wickenburg. This potential "failure mode" does not "fail" the dam or emergency 
spillway. However, any appreciable flows from the spillway would likely cause adverse 
consequences downstream from the dam. Very large flows have the potential for 
resulting in extensive damage and loss of life. This potential adverse consequence was 
rated as Category I because normal "successful" operation of the emergency spillway can 
produce discharges that could have significant adverse consequences and the likelihood 
of occurrence of these adverse consequences is associated with floods of reasonably 
probable frequency.. The floodwaters will pass through the emergency spillway. From 
that point the water will flow into residential housing communities downstream from the 
dam. 

Seepage Erosion through Right Abutment. (Category II - considered but not 
highlighted). 
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Failure Mode Description: Initially seepage flows into the right abutment at or near the 
damlabutment as a result of a sevaration of the zone between the dam section and the 
blanket fill or as a result of cracks or openings that penetrate the blanket fill material. 
Seepage flows increase and flow with some appreciable velocity develops through a 
natural coarse zone or zones in the abutment. This flow in the coarse zone erodes silt or 
fine sand zones adjacent to the coarse zones and "caving" of overlying materials initiates. 
Flows increase and caving continues. Caving continues to the point of allowing an 
overtopping breach to start. Continued breaching erodes natural hillside. This mode is 
only feasible during the highest levels of flooding. Below elevation 1255 ft the seepage 
would have a longer flow path and would not be likely to develop adequate velocities to 
initiate erosion of adjacent materials. For this failure mode to get into realm of reality 
there needs to be an anomaly or unknown situation or condition within the abutment (of 
which there is no specific evidence) that is particularly adversely configured to allow the 
erosion process to develop and proceed as postulated. This mode is more likely to occur 
on the right abutment than on the left abutment because of the nature of the tie with the 
abutment and the presence of the thin blanket fill over the abutment ridge. 

The following Class 111's are provided but further evaluation is required upon availability 
of appropriate data: 

Potential Failure from Embankment Overtopping Due To Major Floods Approaching 
The PMF Level. (Category ZZZ -failure modes for which insufficient information is 
presently available for making engineering judgments). 

Failure Mode Description: The inflow design flood for Casandro Wash Dam is the % 
PMF. The design of the dam was based on the % PMF using HMR-49 guidelines and the 
6-hour duration storm. This failure mode was examined based on the possibility of the 
occurrence of major floods approaching the PMF and the uncertainty as to whether these 
floods can be passed by Casandro Wash Dam and Spillway under the current operating 
conditions. To address this uncertainty the hydrologic routing needs to be re-done to for 
current PMF and dam spillway conditions. The original routing for the PMF done for the 
concept design resulted in a water surface elevation at the dam at 2162.8 ft. (Which 
would indicate that the PMF could be safely passed without overtopping.) However, this 
routing was done for a different spillway crest type (ogee versus elliptical), and for a 
different spillway crest elevation (2153 ft versus 2155 ft). The design crest of dam is 
2163.5 ft and as-built top of dam crest elevation is 2163.5 ft. The actual current dam 
crest elevation is 2163.3 ft. The PMF discharge through the emergency spillway, based 
on the concept design configuration, and not the as-built configuration, is approximately 
6,800 cfs (from rating curve). The routing for the original design using the !h PMF 
started with an empty pool and thus it was assumed that the PMF routing did as well. 
Whether or not an allowance for outlet flow was made is not known. 

Potential Effect of Principal Outlet Discharges on Emergency Spillway Discharges. 
(Category ZZZ - failure modes for which insuffient information is presently available 
for making engineering judgments). 
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0 Failure Mode Description: The principal spillway was designed and constructed to 
discharge into the emergency spillway chute. If discharges or spills were to occur in the 
emergency spillway there would be simultaneous flow from the principal spillway as 
well. The documents for the design of the principal and emergency spillways did not 
analyze the effect of discharges from the principal spillway on the flow hydraulics of the 
emergency spillway. This condition may not result in a realistic concern as a potential 
failure mode of the dam or spillways but may have an adverse consequence on the 
operation of the emergency spillway, downstream and lateral extent of erosion protection, 
and required freeboard on the wing walls. 

7.4 FMEA Limitations 

It is prudent to recognize that there exist for all dams specific ways that failure could 
come about that warrant attention and diligent monitoring. The identification of a 
condition or process as a "potential failure mode" does not imply that the dam is about to 
fail or even necessarily that there is a dam safety deficiency at the site. Rather it 
identifies physically possible conditions or processes (generally with a remote but still 
credible chance of occurrence) that persons associated with owning, inspecting, analyzing 
and operating the dam should be aware. Some of the potential failure modes are 
highlighted (or prioritized) for attention of the dam owners and operators. They are 
highlighted because the specific conditions at the dam and appurtenant structures are such 
that these failure modes are physically possible and are considered the most realistic and 
most credible potential failure modes definable at the site. 
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e 8.0 RECOMMENDED STUDIES AND INVESTIGATIONS 

The existing available studies, analyses, construction records, and investigations 
conducted as part of the design and construction of the structure were reviewed by the 
Kimley-Horn team. Kimley-Horn has developed the following recommendations for 
further studies and investigations as a result of the data review. In addition, 
recommendations for further studies and investigations were developed in the Failure 
Mode and Effect Analysis workshop for the dam. This section provides a summary of 
the major recommendations. 

8.1 Hydrologic and Hydraulic Recommendations 

1. An updated dambreak analysis and inundation mapping should be prepared for 
Casandro Wash Dam. New integrated hydraulic models such as HEC-RAS (unsteady 
flow and darnbreak options) could be used to prepare the updated study. The 
dambreak update should develop reasonable dambreach parameters using published 
guidelines and the District's dambreach model currently under development. It 
should be noted that the June 1994 Concept Design Report noted that the PMF 
overtopped the dam. A hydrologic analysis by Kimley-Horn (see Hydrology 3.3.1) 
also indicated that the routed PMF results in overtopping the dam. Given the rapid 
urbanization downstream of Casandro Wash Dam, Kimley-Horn recommends that the 
PMF event be evaluated as part of an update of the dambreak analysis. 

@ 2. The EAP flowchart is divided into actions items based on percent reservoir filling. 
The flowchart is divided into 10,25,50,90, and 100 percent response actions. The 
five levels of action may occur in a relatively short time frame given the expected 
rapid filling of the reservoir. Kimley-Horn suggests that the number of EAP 
flowchart percent levels/actions be reduced and consolidated given consideration for 
the time to fill the impoundment during large event storms. 

3. A quantitative risk assessment for the facility will require development of stage- 
frequency and emergency spillway discharge frequency relationships. 

4. Probable Maximum Precipitation. Prepare PMPRMF using 24-hr and 72-hour 
durations. Compare routings of these events to PMP 6-hr duration flood to verify that 
they are less critical (or determine that they are more critical). 

5. Kimley-Horn recommends that an incremental damage analysis be conducted for 
Casandro Wash Dam to determine the appropriate inflow design flood (IDF). The 
current IDF is the % PMF. The IDF could change to as high as the PMF due to the 
increased urbanization downstream of the dam. Based on current ADWR dam safety 
rules, the IDF may change to between the '/z PMF and PMF depending on 
downstream incremental damage analysis. 

e 6. The intergovernmental agreement between the District and the Town of Wickenburg 
has established a flood zone downstream of the dam along Casandro Wash. This 
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flood zone restricts the construction of habitable structures within the flood zone of 
the emergency spillway flows. Kimley-Horn recommends reviewing the boundaries 
of the flood zone with a current (2004) aerial photograph to locate structures within 
the flood zone and to monitor that structures have not been constructed in the flood 
zone. A comparison with earlier aerial photographs would enable the District to 
approximate the date of construction of structures within the flood zone. 

7. Kimley-Horn recommends that a hydraulic analysis of the emergency spillway and 
energy dissipator be conducted to confirm the design report hydraulic analysis. The 
hydraulic analysis should be conducted using the unsteady flow routine of the HEC- 
RAS model. 

8. Kimley-Horn recommends that a spillway inundation study be conducted for 
Casandro Wash Dam following District methods for such studies. The EAP 
inundation boundary exhibit virtually depicts very little difference in the boundaries 
for the three flows. Kimley-Horn recommends that the exhibit only display the 
inundation boundary for full flows. The spillway inundation analysis should be 
continued further downstream than depicted in the EAP. The downstream limits of 
the EAP inundation mapping are the Atchison Topeka Railroad. The downstream 
inundation mapping should be continued through the railroad crossing to Sols Wash 
and possible to the Hassayampa River. * 8.2 Geotechnical and Geological Recommendations 

1. Monitoring. In recognition of the presence of potentially erosive materials, inter- 
layered with potentially pervious lenses within native materials in both abutments, 
KHA recommends monitoring for seepage through the abutments during 
impoundment events, and regular visual inspection of the thin fill blanket that covers 
the natural slope south of the right abutment to ensure it is being properly maintained. 

2. Supplemental Geotechnical Analyses 

2.1 Additional Testing to Confirm Zone 1 and Zone 2 Material Characteristics. 
Sampling and testing of representative samples of both Zone 1 and Zone 2 
materials could be done during Phase I1 to verify geotechnical properties that 
came into question between the design and construction phases of Casandro Wash 
Dam. In particular, the gradation characteristics and hydraulic conductivities of 
these materials could be tested to support additional seepage analyses and drain 
sizing evaluations. Representative samples could be obtained by excavation of 
test pits, and gradation tests done to confirm the construction-phase findings. 
Hydraulic conductivity tests could be performed using flexible-wall, triaxial tests 
on samples compacted in accordance with the construction specifications. These 
tests would provide estimates of the vertical hydraulic conductivities of the Zone 
1 and Zone 2 materials for use in the seepage analyses. 
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2.2 Documentation of Slope Stability and Seepage for Main Dam. Gannett 
Fleming does not anticipate any problems with slope stability under any 
reasonable loading conditions for Casandro Wash Dam. The original stability 
analysis, and our preliminary (Phase I) stability analyses adequately document 
factors of safety for all the loading conditions that would need to be evaluated 
under current NRCS or ADWR criteria, with the possible exception of rapid 
drawdown as discussed below. Table 7 shows the definitions of various loading 
conditions and a comparison between the current NRCS design criteria that are 
outlined in TR-60 (SCS, 1985), and the current criteria as presented in the ADWR 
dam safety rules and regulations for jurisdictional dams. 

Rapid Drawdown Stability (upstream slope): Preliminary analyses were 
conducted as vart of this Phase I studv that simulated a vlausible scenario for 
development of the seepage line into the dam under temporary impoundment 
events, and to assess the upstream slope stability under expected drawdown rates 
with the outlet works func&oning no&ally. ~ h e s e  analyses show that it is very 
unlikely that a steady state phreatic line would develop in the Casandro Wash 
Dam, assuming the outlet works are operational and not clogged for sustained 
periods of time following a flood event. ADWR criteria require that an 
"instantaneous" drawdown analysis be performed. The ADWR guidance and 
rules were developed for water retention dams, and the criteria are interpreted to 
mean that rapid drawdown stability should be evaluated assuming that a steady 
state phreatic line has developed from the normal high reservoir pool elevation. 
In the original analysis, rapid drawdown was evaluated assuming a fully 
developed phreatic line from the normal high reservoir pool elevation, followed 
by instantaneous drawdown to "% the PMF elevation". It is unclear why the 
designers put this limitation on the instantaneous drawdown elevation. The 
critical upstream failure surface under this loading scenario was a shallow slip 
surface on the upper part of the slope. A more realistic, but still conservative 
rapid drawdown analysis that should adequately address the ADWR criteria 
would involve the following steps: 

a. Establish the steady state phreatic line and pore pressure distribution using 
2-D seepage analysis. Use reasonable assumptions for hydraulic 
conductivity and anisotropy for the embankment materials based on 
available information, or new testing of the Zone 1 and Zone 2 materials 
as described previously. 

b. Model the dissipation of pore pressures with time, starting from the steady 
state initial condition, and assuming a worst case drawdown rate. The 
drawdown rate should be based on the fastest rate feasible assuming a 
fully operational outlet discharging at capacity. This is not an 
"instantaneous" drawdown assumption, but is much more realistic given 
the physical constraints on the rate of drawdown. Realistic hydraulic 
conductivities should be used for Zone 1 based on the actual materials that 
were used in construction, and not on the laboratory testing on samples 
having less than 10 percent fines. Pore pressure dissipation with time 
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from the steady state condition can be estimated using either a transient 
numerical flow analysis or a suitable analytical procedure. 

c. Evaluate the upstream slope stability at various stages of the drawdown by 
inputting the instantaneous pore pressure grids and reservoir levels from 
the transient seepage analysis. Report the minimum value, and compare 
against the design criteria (minimum factor of safety = 1.2). 

Supplemental Seepage Analyses and Drain Size Evaluation: Previous seepage 
analyses for drain sizing in the original design report, and supplemental analyses 
bv Gannett Fleming as part of this Phase I Structures Assessment. used Zone 1 - 
hydraulic conductivity estimates from the original site investigation and design 
report (kv = 5x10-4 cmls, kh = 1Okv = 5x10-3 crnls). These results are suspect 
because the materials tested for hydraulic conductivity in the original 
investigation are evidently different from the majority of Zone 1 materials 
actually used to construct the dam. It is likely that the Zone 1 materials may have 
substantially lower hydraulic conductivities due to higher amounts of low 
plasticity fines. 

Supplemental transient seepage analyses that are documented in Section 3 of this 
report indicate that the upstream zone will not become fully saturated, and that a 
steady state seepage condition into the chimney drain is unlikely to develop under 
plausible storm scenarios and normal operating conditions. However, it may be 
desirable or necessary to evaluate the drain capacity requirements under 
conditions where the outlet is plugged, and a steady state phreatic line does 
develop after some extended time period of imvoundment. In concert with steD 
(a) of the upstream rapid drawdown stability analysis previously described, 
additional supplemental analysis could be used to estimate "worst case" seepage 
quantities into the chimney drain using revised Zone 1 permeability assump~io&. 
The finger drain capacity could then be checked against this revised seepage rate 
to evaluate whether or not the finger drains are adequate to handle the revised 
estimates of steady state seepage volumes. The stability analyses indicate that the 
downstream slope would be stable with adequate factors of safety, even if a 
seepage line were to develop on the downstream face (i.e., the internal drains 
were ineffective). The documentation of these analyses could show that even if 
the finger drains are overwhelmed, the likelihood of failure is low due to the 
relatively flat downstream slope (3H:lV), and strength of the Zone 1 materials. 

2.3 Phase I1 Evaluation of Potential Seepage and Piping Issues in Left Abutment. 
A potential Category I1 failure mode that was recognized during the FMEA 
involves piping and erosion of materials in the right abutment, either as a result of 
a separation of the zone between the dam section and the blanket fill, or as a result 
of cracks or openings that penetrate the thin blanket fill material that was placed 
on the abutment slope south of the abutment. Adverse factors contributing to this 
failure scenario are the presence of lenticular zones of coarse native materials, and 
loose fill materials in the abutment. This adverse abutment condition is more of 
a concern on the right abutment than on the left abutment because of the nature of 
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the steep cut and tie with the abutment and the presence of the thin blanket fill 
that was placed over the abutment ridge, which serves as the "dam" south of the 
right abutment. 

Additional seepage and slope stability analysis could be performed to evaluate the 
candidate failure mode associated with potential seepage and piping erosion 
through the right abutment. The analysis is outlined as follows: 

1. Develop geologic cross sections through the abutment, beyond the extent 
of the Zone l/Zone 2 fill. Sections should be drawn for both the upstream 
and downstream abutment slopes. Use boring log and laboratory test data 
from the Geotechnical Revort (CH2M Hill. 1995ai and the as-built , . 
construction plans to estimate the subsurface slope stratigraphy and 
geometry as accurately as possible. Assign material parameters (hydraulic 
conductivities) for the various layers in the slope using available 
information and judgement. 

2. Highlight any zones or potential zones of high transrnissivity. 
3. Conduct seepage analysis to estimate the range or extent of saturation and 

seepage through the abutment during impoundment events. 
a. CASE 1 -Establish a "worst case" seepage line through the 

abutment. A conservative analysis could assume that the outlet 
intake is clogged, allowing a high elevation steady-state seepage 
line to develop through the narrow ridge at the right end of the 
dam. Also, it could be assumed that the Zone 1 blanketing layer is 
very thin, or has been damaged, allowing reservoir seepage to 
quickly penetrate into coarse, loose layers of fill and highly 
stratified, coarse deposits in the abutment. Further, it could be 
assumed that the slope has been "pre-saturated" by vertical 
infiltration from the structures on the pad at the top of the ridge. In 
this worst case scenario, it is likely that seepage would emerge on 
the downstream side of the ridge. 

b. CASE 2 -Estimate a more likely extent of saturation and pore 
pressure development in the abutment slope by running a seepage 
analysis with the Zone 1 blanketing intact, and assuming limited 
detention time in the reservoir following an impoundment event or 
events. In this case the seepage line would likely only partially 
penetrate the upstream slope of the ridge, and may not emerge on 
the downstream slope. 

4. Evaluate whether the potential worst-case and likely seepage scenarios 
present a potential threat with regard to piping or internal erosion, and 
recommend remedial actions that could be taken to improve the conditions 
in the right abutment of the dam, such as installation of a protective filter 
or seepage cutoff through the ridge. 
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of Maricopa County 

2.4 Evaluation of Potential Settlement and Elongation of the Principal Spillway 
It is normallv undesirable to found the outlet vive on embankment fill. The 

A 

concern is that the pipe could settle differentially, with more settlement occurring 
under the central part of the embankment, and less settlement towards the 
upstream and downstream toes. This "bowing" of the pipe under severe 
settlement conditions could lead to disruption of joints in the pipe and leakage 
through the joints when the pipe is flowing full during flood events. At Casandro 
Wash Dam the potential for embankment settlement causing elongation and 
disruption of the pipe is mitigated by the low height of the dam, the relatively firm 
foundation, and very low probability for saturation of the fill. However, analyses 
could be done to estimate the maximum elongation that could occur under 
expected differential settlements, and compare that axial strain to the tolerances of 
the pipe and its joints. 

8.3 Additional Recommendations 

I. The District has adovted the findings of the Casandro Wash LOMR studv. but has - . . 
not put those findings into practice (e.g. - not in the key resource documents for 
the dam). The District should decide on where and how it should implemenUuse 
the LOMR results regarding the hydrology for the dam and on the implications of 
adopting the LOMR results. 

2. Provide additional crest settlement monuments along the right abutment and right 
contact as noted in the FMEA report. 
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FIGURE 5: CASANDRO WASH DAM TOP OF DAM POOL DELINEATION 
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DAM SECTION AT SPlLLWAY 
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EXISTING GROUND B TOE 

APPROXIMATE DAM EMBANKMENT LIMIT 

SEE SHEET 4 

VARIES SEE DAM Q PROFILE 

PAY LIMIT FOR 
FOUNDATION EXCAVATION 
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SECTION 
5 

DAM SECTION AT OUTSIDE SPiLLWAY 

J 

NOTES: 
I. SEE SHEET 5 FOR LOCATION 

DAM 
e OF CHI*lrNEY FINGER DRAINS 

2. SEE STRUCTURAL DETAIL ! SHEETS 8 ,  9 ,  8 10 FOR 
SPILLWAY AND STILLING BASIN 
DETAILS 

3. PLACE ANIMAL GUARDS IN 4" PIPE 
THROUGH WALLS. SEE DEJ 3 ,  SHEET 15 

A. SEE SECTION 301 OF SPECIAL 
PROVISIONS FOR SUBGRADE 
PREPARAJION 

5 .  SEE SECTION 211 OF SPECIAL 
PROVISIONS FOR PLACEMENT 

0- SEE SHEET 10 
STILLING BASIN DRAIN PIPE 

S C U  1.. 10. 
SEE SHEET 21 
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2 .WHEN PLACED ON GROUND:- r 
.ALL OTHER CONCRETE SUFIFACES: 

a5 BAR OR SMALLER --- 7'4" 
*6 BAR OR LARGER---- 2 

2 .  CONCRETE STRENGTH AT 28 DAYS: I ,~d,(CO psi 
REINFORCING STEEL: F. :W.COJ psi 

3. ALL BENDS. UNLESS OTHERWISE SHOWN. SHALL BE A 90 DEGREE 
STANDARD HOOK AS DEFINED iN LATEST EDlTiON OF AC1 318. 
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Survey Monument La 

Tabk 1 below, compares the 2003 crest semement monument elevations, 1997 crestsemement monument elevations, and the Adjusted Design crest elevations. The settlement monuments are 

physically located offset horn the dam center!ine on the dowmbeam edge of the dam crest. The Design crest elevakns are referenced to NGVD 1929 and must be adjusted for comparison with 

1997 and 2003 survey data elevdon, which is referenced to a difterent vertical datum: NAVD 1988. Details of the adjustment calculations are almlned an Page 6 of 7, en61led "Reference Marks". 

Figure 1-1 illustates the comparison of crest semement monument elevations between the Adjusted Design crest elevations, the year-1997 survey data, and the year-2003 survey data listed in Table 1. 

Figure 1-2 displays the relafive change in crest semement monument elevations obtained by subtracting the 1997 crest monument data from the 2003 crest 

monument data. 1997 elevation data is the earliest survey data available and is referenced as the baseline elevation. 

Figure 3-1 on page 6 shows the location of the crest semement monuments. 

Crest Monument Survey Data 

I I Design El. I Adj. Design 1 1997 2003 

I #G I 16+21.M 2163.5 2165.73 1 2166.23 1 
(Fig. 1-1 Plot Data) 

m 
(Fig. 1-2 Plot Data) 

Marker 

Notes: 1) Dahlm shifl far BM 823 utilized to obtain the Adjusted Design crest elevations. 

2) 1997 Survey data collected in August 1997. 

3) 2003 suwey data collected in-house in September 2003. No data was collected for the settlement monuments labeled W and #G. 

4) Marker names Wand #G are referenced from the 1997 Subsidence S w e y  by Gi lbemn Associates, Inc. 

Station 1 (NGVD29) I (NAVD88) 1 (NAVD88) I (NAVD88) 

Crest Sefflement Monument Elevations 

CAS11 1 10158.66 1 2163.5 1 2165.73 1 2165.74 1 2165.492 

Flood Control DisbidM Marimpe CouW 
SlrUChlree bnagement Blanch 
Dam Safety Prcgiam 

CASANDRO WASH DAM 
Subsidence Survey Data Review 



--- 
Dan Sdohl 



Settlement Monuments -Crest 

10150 ll+OO 11+50 12+00 12+50 13t00 13t50 14+00 14+50 

Station 

F l d  Canbd D m  M M a w s  CwW 
Sbucblres Manawn1 Bmch 
Dam Safety Program 

Relative Change in Dam Crest Elevation Chart, 1997 Suwey Data Baseline Elevation Reference 

CASANDRO WASH DAM 
Subsidence Survey Data Review 



Setllemmt Monuments -Toe 

Table 2 below, summarizes toe settlement monument elevations in the 2003 survey. The 1997 survey did not measure toe settlement monument elevations. Subsequent survey data on toe monuments 

should be utilized for elevation mmparison and to llusbate me relative change in toe settlement monument elevations wiib 2003 elevations as the baseline. 

Figure 3-1 on page 6 shows the location of the toe setdement monuments. 

Notes: 1)  1997 survey did not measure toe monument elevations. 

Toe Settlement Monument Elevations 

Flmd Control D i M O f  Manmpa County 
SbucDlres Management Brand, 
Dam Safely Prqlram 

CASANDRO WASH DAM 
Subsidence Survey Data Review 
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Wickenburg Flood Retarding Structures 
Emergency Action Plan 

Location 

The Wickenburg Structures (Sunset FRS, Sunnycove FRS and Casandro Dam) are located within the 
town boundaries of Wickenburg, approximately 60 miles northwest of Phoenix, Arizona. Figure 1 
shows the locations of the t h e e  structures. 

Description 

Sunset FRS is an earthen dam nearly adjacent to highway US 60, south of the Jones Ford 
Dealership. Construction was completed in September, 1976 by the (then) Soil Conservation 
Service. It collects and stores water from Sunset Wash, draining 0.60 square miles of commercial, 
residential and sonoran desert land. The emergency spillway is a 40 foot-wide concrete broad- 
crested weir through the embankment near the center of the dam. Sunset FRS is classified as a 
small, high-hazard dam by the Arizona Department of Water Resources (ADWK) because of its 
spillway capacity (86 acre-feet) and the number of occupied StnIChlreS in the path of downstream 
floodwaters. 

Sunnycove FRS is an earthen dam located about 1 r ~ l e  south of US 60 via Icellis Road. 
Constmction was completed in September, 1976 by the (then) Soil Conservation Service. It collects 
and stores water from Sunnycove \Wash, draining 1.35 square miles of prunarily sonoran desert land 
with a few residences on ridge tops. The emergency spillway is a 100 foot-wide earthen channel 
located or1 the north side of the dam. Suonycove FRS is classified as a small, high-hazard dam by 
ADWR because of its spillway capacity (216 acre-feet) and the number of occupied struchlres in the 
path of downstream floodwaters. 

Casandro Dam is an earthen dam located about 'h mtle north of US 60 via Mariposa Road. 
Construction was completed in March, 1996 by the Flood Contxol District of Maricopa County. It 
collects and stores water from Casandro \Wash, draining 3.0 square miles of primarily sonoran desert 
land with a widely-spaced residential development. ' l l e  emergency spillway is an 80 foot-wide 
concrete broad-crested weir through the embankment near the center of the dam. Casandro Dam is 
classified as a small, high-hazard darn by ADWR because of its spdlway capacity (143 acre-feet) and 
the number of occupied structures in the path of downstream floodwaters. 





Purpose of Plan 

@ The purpose of this Emergency Action Plan ( E N )  is to coordinate the prediction, detection and 
emergency response to a spillway or dam-failure flood downstream of Sunset FRS, Sunnycove FRS 
or Casandro Dam The E N  presents rainfall, static water-level and drawdown detection criteria 
which could lead to a spillway flow or dam-failure event. Also presented are the lines of 
communication and agency actions necessary to evacuate downstream residents and other; before 
floodwaters anive. 

Inundation Areas 

See Exhibits B- 1 through B-4 in Appendix B for maps of inundation areas. 

1. Sunset FRS and Sunnycove FRS Emergency Spillway Inundation. During major 
storms, the reservoir pools can fi quickly and stormwater may discharge through the 
emergency spillwa)s in a veryshort time. Outflow from Sunset FRS will travel in an easterly 
direction parallel to US 60, crossing Oxbow Drives North and South, Kellis Road, America 
St., Grant, Lincoln and Apache Streets, then Center and Jackson Streets. A small area along 
US 60 d be inundated in the area of Apache and Madison Streets. It will then flow northeast 
over Mesquite, Adams, Henderson and Park Streets, and fan-out to the east over Jefferson St., 
Fisher St., Sylvan Rd., S$van Dr. and Cool Water Drive. Finally it d cross the BNSF 
railroad tracks, Tegner and Kerkes Streets, and then enter the Hassayampa River channel. 
Outflow from Sunnycove FRS will travel in a northeasterly direction across Kellis Road, 
Desert Canyon Road and Lost Canyon Road. Near Center and Jackson Streets, the inundation 
joins the area described for Sunset FRS. Inundation mapping exists for spillway flows of 33, 
67 and 100 percent for both dams, but the area inundated does not change significantly. The 
potential inundated area is shown in Exhibit B-1. 

2. Casandro Dam Emergency Spillway Inundation. During major s t o m ,  the resenroir 
pool can fill quickly and stormwater may diicharge through the emergency spillway in a vety 
short time. Outflow from Casandro Dam will travel in an easterly direction across Mariposa 
Drive and Cucaracha Streets, parallel to La Paloma Drive. It tums southeast near Via G r t e  
and Lincoln Street, flows to Jackson Street, then tums northeast along Mohave Street, crossing 
Madison, Jefferson and Washington Streets. The entire grounds of My F a W s  Reh'mrm~ R a d  
will be inundated. Flows will pond behind the BNSF railroad grade, eventually draining 
through the old Casandro Wash bridge to Sols Wash. Inundation mapping exists for spillway 
flows of 33,67 and 100 percent for the dam, but the area inundated does not change 
significantly The potential inundated area is shown in Exhibit B-2. 

3. Sunset FRS and Sunnycove FRS Dam-Failure Inundation. Outflow from a failure of 
Sunset FRS will travel in an easterly direction parallel to US 60, crossing Oxbow Drives North 
and South, Kellis Road, America St., Grant, Lincoln and Apache Streets, then Center and 
Jackon Streets. Flow will then flow northeast over Mesquite, Adams, Henderson and Park 
Streets, and fan-out to the east over Jefferson St., Fisher St., Sylvan Rd., Sylvan Dr. and G o l  
Water Drive. Finally it d cross the BNSF railroad tracks, Tegner and Kerkes Streets, flow 
through the campus of Hassapvpz U p ~ E h ? y S & d ,  and then enter the Hassayatnpa 
River channel. Outflow from a failure of Sunnycove FRS will travel in a northeasterly 
direction across Kellis Road, Desert Canyon Road and Lost Canyon Road. Near Center and 
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Jackson Streets, the inundation joins the area described for Sunset FRS. An area along and 

0 across US 60, which includes the WdmhqDdyts Gnre, will be inundated from Yavapai 
Street to Washington Street between the highway and Apache Street. Flows will have enough 
momentum to cross the Hassayampa channel and inundate areas up to US 60 in the vicinity of 
Sullivan Street. The potential inundated area is shown in Exhibit B-3. 

4. Casandm Dam - Failure Inundation. Outflow from a failure of Casandro Dam will 
travel in an easterly direction across Mariposa Drive and Qcaracha Streets, parallel to La 
Paloma Drive. It tums southeast near Via Cotte and Lincoln Street, flows to Jackson Street, 
then tums northeast along Mohave Street, crossing Madison, Jefferson and Washington 
Streets. The entire grounds of My Fathwi Reti- Ranrh will be inundated. Flows v d  pond 
behind the BNSF railroad grade, eventually draining through the old Casandro Wash bridge to 
Sols Wash. The potential inundated area is shown in Exhibit B-4. 

Specific Tasks for Emergency Spillway Releases or 
Dam-Failure Floods at all Wickenburg Dams 

Flood Control District of Maricopa County 

a. The On-call Hydrologist (m will monitor pertinent ALERT rainfall, runoff and 
impoundment data. An ALERT alarm will sound at 10°/o of spillway capacity. Perform 
tasks according to the Wickenburg E N  Flow Chart (Figure 2, page 7). 

b. At 25% spillway capacity, the OCH will dispatch FCD O&M Team # 1 to observe the 
water levels and stn~ctural integrity of the dam(s) being monitored. Travel time to the 
dams from notification of the Team to arrival at the dam is approximately 2 hours. 
During this time, the Wickenburg Police Department (WPD) or Maricopa County 
Sheriff's Office (MCSO) will dispatch an observer to monitor conditions. 

c. At 50% spillway capacity, or at the direction of an in-place observer, the OCH will 
notify the Maricopa County Deparrment of Emergency Management (MCDEM). 

d. At 90% spillway capacity, or at the direction of an in-place observer, the OCH will 
inform WPD dispatch and MCDEM that evacuations may be necessary. 

e. When impounded water reaches the spillway elevation, or if an in-place observer 
repotts an impending failure, or  if ALERT data denote a falling water-level indicative 
of a failure, the OCH will notify WPD dispatch immediately and give clear 
instructions to evacuate the downstream area of the specific structure. MCDEM can 
then be notified to provide assistance. 

f. When storm conditions have subsided and the impoundnlents no longer pose a threat 
to downstream lives or propeny, the OCH will issue an ALL CLEAR message to 
WPD and MCDEM, then contact O&M Team # 1 and instruct them to return. 

W~ckenburg Structures EAP Page 5 Final - November 19,2003 



Maricopa County Department of Emergency Management 

a. Monitor the situation and coordinate support. Perfosm tasks according to the 
Wickenburg EAT' Flow Chart (Figure 2, page 7). 

b. Upon receiving notification of a 50% impoundment from FCD, activate the 
Emergency Operations Center. Notify MCSO, the Central Arizona Chapter of the 
American Red Goss and the BNSF railroad - advise them of the situation. 

c. Upon receiving notification of a 90% impoundment from FCD, inform MCSO that 
their assistance may be needed in assisting W D  with evacuations. Inform Red Cross 
to begin preliminaryshelter operations. 

d. Upon receiving notification from FCD that evacuations have begun due to a spillway 
flow or dam failure, notify 

MCSO to assist W D  with evacuations and security 
BNSF railroad to stop all trains from passing through the Wickenburg area 
Red Cross to establish a shelter(s) for evacuees at the Wickenburg Community 
Center, MacLennan School, and/or Vulture Mine School 
Arizona Department of Water Resources and Division of Emergency 
Management to provide assistance in their areas of expertise 

e. When stosm conditions have subsided and the impoundment(s) no longer pose a 
threat to downstream lives or property, FCD will issue an ALL CLEAR message. 
Contact BNSF and tell them to inspect the track before resuming rail service. 

Town of Wickenburg, Police Dispatch 

The Town of Wickenburg will assume overall direction and control of emergency response 
operations within its jurisdiction, to include warning, evacuation and security of the 
affected area. The Town Manager will direct the effort, with assistance from the Chiefs of 
Police and Fire. The point of contact between FCD and the Town will be the WPD 
dispatcher. 

a. Monitor the situation and coordinate support. Perform tasks according to the 
Wickenburg EAT' Flow Chart (Figure 2, page7). 

b. Upon receiving notification of a 25% impoundment from FCD, send an officer from 
the Wickenburg PD or MCSO to monitor the dam(s) until an FCD crew anives. 

c. Upon receiving notification of a 90% impoundment from FCD, prepare to evacuate 
areas downstream of the stsucture(s) being monitored. 

d. Upon receiving notification from FCD of an impending or in-progress emergency 
spillway release or dam failure, immediately evacuate areas downstream of the 
stsucture(s) being monitored. 

e. When s t o m  conditions have subsided and the impoundment(s) no longer pose a 
threat to downstream lives or propeny, FCD will issue an ALL CLEAR message. Post- 
flood actions can then begin. 
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TABLE 1 

Detailed Evacuation Instmctions 
(In Order of Impact by Flood Waters, Critical Facilities in Bold) 

Casandro Dam House on El Tecalote Dr. West of Manposa Rd. 
Use the same evacuation House on north side of La LIanposa Cucuracha Dr. 

instructions for both Palolna Dr. 
emergency spillway flow Cucuracha St. La Paloma Dr. El Tecalote Dr 

and dam failure 
Via Corte Dr. West of Avispa St. 

~~~ - 

Navajo St. Avispa St. Adams St. 
Lincoln St. Avispa St. Llohave St. 
Jackson St. Navajo St. Santa CNZ St. 
Mohave St. Lincoln St. Jefferson St. 
Madison St. Herrnosa Dr. alignment 2 houses SE of Mohave St. 

Adams St. Hermosa Dr.  alignment 3 houses SE  of Mohave St. 
All of "My Father's 

Jefferson St. Retirement Ranch" West of Mohave St. 

Sunset FRS 
AU of America St. and 

Emergency Spillway Flow Ct, Below the Darn 

AU d ioxbow Dr. North West of Kellis Rd, 
and South 
Kehs Rd. America St. Oxbow Dr. North 
Apache St. Kehs  Rd. US 60 
Grant St. Apache St. Ccntcr St. 
lincoln St. Apache St. Center St. 
lackson St. US 60 Center St. 
Center St. 
Ma&son St. 
Mesquite St. 
Adams St. 
Stmtture st  Adarns St. 
Park St. 
Jcfferson St. 
Sylvan Rd. 
All of Sylvan Drive and 
1-Ioward Ct. 

America St. 
US 60 
US 60 
US 60 
and Henderson St. 
Ma&son St. 
Park St. 
Park St. 
Cool Water Drive 
lefferson St. 

hlad~son St. 
Fisher St. 
Center St. 
Park St. 

Jefferson St. 
I-loward Ct. 
Sylvan Dr. 

Fisher St. 
Mouses along Sunset Wash Rdroad Tegner St. 

Sunset FRS 
AU of Amedca St. and 

Dam Failure Below the Dam 
1Ylhiunle Ct. 

L L  ~ ~ 

All of Oxbow Dr. North 
and South 
Hmenca St. 
Palo Verde Rd. 
Kellis Rd. 
Center St. 
Apache St. 
Grant St. 
1.incoln St. 
Jackson St. 
Center St. 

West of Kehs Rd. 

Sunset FRS 
Sunny Cove Heights 
America St. 
Kehs  Rd. 
Kehs  Rd. 
Apache St. 
Xp;rche St. 
US 60 
America St. 

KeUis Rd. 
America St. 
Oxbow Dr. North 
Madison St. 
US 60 
Center St. 
Center St. 
Center St. 
Madson St. 
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0 Madison St. US 60 Fisher St. 
S u ~ ~ s e t  FRS Mesquite St. US 60 Fisher St. 

Dam Failure, continued Adams St. US 60 Park St. 
Henderson St. 
Park St. 
Jefferson St. 
Sylvan Rd. 
All of Sylvan Drive and 
Howard Cr. 
W'aslungton St. 
Housrs on k t  road south 
of Howard Ct. 
Houses along Sunset Wash 
Coconino St. 
Cocluse St. 
Frontier St. 
Tegner St. (school) 
Valentine St. 

Adams St. 
Madison St. 
US 60 
Park St. 
Cool Water Drive 
Jefferson St. 
US 60 

Railroad 
Frontier St. 
Frontier St. 
US 60 
US 60 
US 60 

Jefferson St. 
Jcfferson St. 
Howard Ct. 
Sylvan Dr.  

Railroad 
Southeast end 

Tegner St. 
T'alentine St. 
Tegner St. 
Southeast end 
Southeast end 
Coconino St. 

Kerkes St. US 60 Southeast end 
Sumycove FRS 

Close Kellis Road from US 
Emergency Spillway Flow 

60 to Cottonwood Lt1. 
Desert Canyon Rd. Cottonwood Ln. Cul-de-sac N of Center St. 
Lost Canvon Rd. KeLs Rd. Desert Canvon Rd. 
Grarrt St. 
1,incoLi St. 
Close US 60 from Adams 
St, to Yavapai St. 
Apache St. 
Jackson St. 
Ccnter St. 
hlahson St. 
hlesquite St. 
Adams St. 
Structure at Adams St. 
Park St. 
Jefferson St. 
Sylvan Rd. 
All of Sylvan Drive 
All of Cool \Water Dave 
Howard Ct. 

Apeche St. 
Apache St. 
Route Traffic along Adams 
and Yavapai Streets 
Kehs Rd. 
US 60 
iimerica St. 
US 60 
Center St. 
US GO 
and Helrdersori St. 
hladison St. 
Park St. 
Park St. 

Jefferson St. 

Center St. 
Center St. 

US 60 
Center St. 
Ma&son St. 
Fisher St. 
Center St. 
Park St. 

Jefferson St. 
Howard Ct. 
Sylvan Dr .  

Fisher St. 

Dam Failure Desert Canyon Rd. 
Lost Canyon Rd. 
Grant St. 
Lulcoln St. 
Close US 60 from 
\Washington St. to Savage St 
Apache St. 
Jackson St. 
Center St. 
hfadison St. 
h~lesqrute St. 
ridams St. 
1':trk St. 
Jefferson St. 

Cottonwood Ln. 
Kellis Rd. 
Kellis Rd. 
US 60 
Route traffic along Savage 
Washington and Yavapai St 
Kehs  Rd. 
US 60 
KeLs Kd. 
Yavapai St. 
Center St. 
Apache St. 
Jefferson St. 
Apache St. 

Cd-de-sac N of Center St. 
Desert Canyon Rd. 
Center St. 
Desert Canyon Rd. 

Waslungton St. 
hlontc Cristo D r  
Waslungton St. 
Fisher St. 
Fisher St. 
Park St. 
Park St. 
Howard Ct. 
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Sunnycove FRS Sylvan Rd. Park St. Sylvan Dr. 
Dam Failure, continued All of Sylvan Drive 

All of Cool Water Dr. 
Howard Cr. Jefferson St. Fisher St. 
Houses along Sunset Wash Railroad Tegner St. 
LVashmgton St. US 60 East end 
Frontier St. US 60 East end 
Tegner St. US 60 East end 
Coconino St. Frontier St. Valentine St. 
Cochise St. Frontier St. Tegner St. 
Valentine St. US 60 Coconino St. 
Kerkes St. US 60 East end 
S d v a n  St. US 60 East end 
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Appendix A . Contact Numbers 

0 
Flood Control District of Maricopa County 
ALERT Room ..................................................................................................................... 602-506-8701 

O r  ................................................ .. ................................................................................ 602-272-0132 
Hydrologist on Call (cellular) ........................................................................................... 602-390- 

........................................................................................................... Steve Waters. Home 480-345- 
O r  Pager ....................................................................................................................... 602-450- 

Jim Perfrement, Home ...................................................................................................... 602-971- 
O r  Pager .......................................................................................................................... 602-450- 

Maricova County Department of Emergency Management 
Main Number ............................................................................................................. 602-273- 1411 

Town of Wickenburg 
Police Dispatch ............................................................................................................... 602-506- 1563 

O r  .................................................................................................................................. 928-684-5411 
Emergency Manager. Scotr Bowman. Cellular ............................................................ 928-671 . 

Pager ......................................................................................................................... 928-684- 

Fire Marshall / Director. Bucky Walters. Home 928-684- 
.............................................................................. . 

1 
Town Manager. Shane Dille 928-684-5451 e n  213 

.......................................................... 
............................................................................................... Fire Chief. Ed Temeromki 928-684- 

Police Chief. Tony Melendez ............................................................................................ 928-684- 

Maricopa County Sheriffs Oftice 
Wickenburg Area Dispatch .......................................................................................... 1-800-352-4553 

Burlington Northern & Santa Fe Railroad 
Service Desk ................................................................................................................... 708-995-2911 
Trainmaster ....................................................................................................................... 602-382-5801 

ADWR Dam Safety Division 
Office ................................................................................................................................ 602-417-2442 

American Red Cross 
Office ..................................................................................................................................... 602-336-6660 
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Appendix B - Maps of Inundation Areas 
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Appendix C 

List of Critical Facilities by Structure Inundation Area 



Survey Monument Lo 

0 
CASANDROWASHDAM 
Subsidence Survey Data Review 

Settlement Monuments -Crest 

Table 1 beiow, compares the 2003 crest settlement monument elevations, 1997 crest settlement monument eievations, and the Adjusted Design crest elevations. The settlement monuments are 

physically located offset from the dam centerline on the downstream edge of the dam crest. The Design crest elevations are referenced to NGVD 1929 and must be adjusted for comparison with 

1997 and 2003 survey data elevation, which is referenced to a different vertical datum: NAVD 1988. Details of the adjustment calculations are outlined on Page 6 of 7, entitled "Reference Marks". 

Figure 1-1 iliustrates the campanson of crest settlement monument elevations between the Adjusted Design crest elevations, the year-1997 survey data, and the year-2003 survey data listed in Table 1 

Figure 1-2 displays the relative change in crest senlement monument elevations obtained by subtracting the 1997 crest monument data from the 2003 crest 
monument data. 1997 elevation data is the earliest survey data available and is referenced as the baseline elevation. 

Figure 3-1 on page 6 shows the location of the crest settlement monuments 

- - 
Marker Station (NGVD29) (NAVD88) (NAVD88) (NAVD88) 
CASl l  1 10+58.66 1 2163.5 1 2165.73 1 2165.74 1 2165.492 

Crest Monument Survey Data 

I I Desicln El. I Adi. Desicln 1 1997 1 2003 

(Fig. 1-1 Plot Data) (Fig. 1-2 Plot Data) 

rGi5-7 

Notes: 1) Datum shifl for EM 823 utilized to obtain the Adjusted Design crest elevations. 
2) 1997 Sulvey data collected in August 1997. 

3) 2003 sulvey data collected in-house in September 2003. No data was collected for the settlement monuments labeled #F and #G. 

4) Marker names #Fand #G are referenced from the 1997 Subsidence Survey by Gilbertson Associates, Inc. 

Crest Settlement Monument Elevations 

Flood Control District MMancopa County 
Stmdures Management Branch 
Dam Safety Program 



CASANDRO WASH DAM 
Subsidence Survey Data Review 

Settlement Monuments -Crest 

Station 

Fiqure 1-1 

Elevation of Crest Settlement Monument Chart 

Flmd Cantrol District Gf Maricopa County 
S1NCtUES Management Branch 
Dam Safety Pmgam 



CASANDRO WASH DAM 
Subsidence Survey Data  Review 

Settlement Monuments -Crest 

Fioure 1-2 

Relative Change in Dam Crest Elevation Chart, 1997 Survey Data Baseline Elevation Reference 

Flood Control Distnct Of Maricapa County 
Stwclures Management Branch 
Dam Safety Program 
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CASANDRO WASH DAM 
Subsidence Survey Data Review 

Settlement Monuments -Toe 

Table 2 belaw, summarizes toe settlement monument elevations in the 2003 survey. The 1997 survey did not measure toe settlement monument elevations. Subsequent survey data on toe monument: 

should be utilized for elevation comparison and to illustrate the relative change in toe settlement monument elevations with 2003 elevations as the baseline. 

Figure 3-1 on page 6 shows the location of the toe settlement monuments 

Notes: 1) 1997 survey did not measure toe monument elevations. 

Flood Contml District Of Maricopa County 
Structures Management Branch 
Dam Safety Program 

Toe Settlement Monument Elevations 



CASANDRO Ib ASH DAM 
Subsidence Survey Data Review 

Reference Marks 

Based on the Datum Shift, the elevation at the Benchmark equals the NGVD 1929 elevation pius the datum shfl shown in Table 3. The "Adjusted Design" column of the Table 1 reflects this calculatior 

Notes: I )  BM 823 set at the intersection of Mariposa Dr. and La Paloma Dr. 
2) BM 823 was not surveyed in 2003, therefore the 1997 survey datum shift of plus 2.23 ft. was used 

Marker 

BM 823 

CASlO 

Reference Mark Summary 

Flood Control District Of Maricopa Count) 
S~IUC~UI~S Management Branch 
Dam Safety Progam 

Description 

BC Flush 

GDACS Controi Point 

1995 

(NGVD29) 

2128.33 

1997 

(NAVD88) 

2130.56 

2003 

(NAVD88) 

2182.15 

Datum 

Shifl 

2.23 



a 
CASANDRO WASH DAM 
Subsidence Survey Data Review 

Casandro Wash Dam - Floodplain View 

Flwd Control DisVlct Of Marimpa County 
Structures Management Branch 
Dam Safety Pmgiam 

Survey Monument Locations 
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PRELIMINARY FAILURE MODES IDENTIFICATION REPORT 
CASANDRO WASH DAM 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY, ARIZONA 
FEBRUARY 24,2004 

1.0 Introduction 

Kimley-Horn and Associates, Inc. (KHA) has prepared this report to document 
discussions related to the Preliminary Failure Modes Identification workshop for 
Casandro Wash Dam conducted on February 24,2004. The overall objective of the 
workshop was to develop a comprehensive list of potential failure modes for the structure 
and appurtenances. The workshop was conducted at the offices of the Flood Control 
District of Maricopa County. The following individuals participated in the workshop: 

Tom Renckly, P.E. Flood Control District 
Mike Greenslade, P.E. Flood Control District 
Andrew Dziobek Natural Resources Conservation Service 
Bob Eichinger, P.E., CFM Kimley-Horn and Associates, Inc. 
Kelli Blanchard, EIT Kimley-Horn and Associates, Inc. 
Debora Miller, Ph.D, P.E. Gannett Fleming, Inc. 
Ken Euge, R.G. Geological Consultants, Inc. 

2.0 Facility Descriptions 

Casandro Wash Dam is a homogeneous earth filled dam with a crest length of 350 ft, a 
crest width of 14 ft, upstream slope of 3.1, downstream slope of 3:1, ad& height of 32.5 
feet, and a reservoir capacity of 145 ac-ft. The dam has a central chimney drain with four 
finger drains that outlet at the downstream toe. It has an ungated principal outlet and an 
emergency spillway that begins to operate at a depth of 21 feet. The detention basin 
behind the dam has a storage capacity of 150 ac-ft and a surface area of 11 acres when 
filled to the elevation of the emergency spillway. The contributing drainage is 
approximately 3 square miles. The dam is operated and maintained by the Flood Control 
District of Maricopa County. 

3.0 Summary of Inspection Reports 

Inspection reports from 2003,2002, and 1997 were located and reviewed. The majority 
of these inspections noted minor spalling on the right side of the ogee crest of the 
emergency spillway control structure. It was also noted that headcutting was occurring 
downstream of the emergency spillway outlet channel. 

4.0 Preliminary Failure Modes 

1 .  Embankment Overtopping: The embankment crest and downstream slope are 
protected against minor erosion. Overtopping of the embankment could lead to 

Casandro Wash Dam Preliminary Failure Modes Page I of 7 
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erosion and formation of a breach. In assessing the probability of occurrence of 
this failure mode, the following items need to be reviewed: 

a. Review and document the freeboard available when routing the Inflow 
Design Flood (IDF) through the emergency spillway. The IDF for the 
dam is currently the % PMF. Check full PMF and multiple storm events. 

b. Assess the impact of regional subsidence on the dam crest elevation. 
Locate the most recent crest survey data. Initial discussion indicates that 
subsidence should not be a local problem. 

c. Review and document the antecedent reservoir conditions for each of the 
spillway routings. 

d. Concern on routing the PMP, need to look at multiple storm events and 
increase in urbanization in the watershed. 

e. Perform a preliminary assessment to evaluate if dynamic routing of the 
inflow hydrograph would impact the freeboard. Apply conservative 
assumptions as needed. Compare "dynamic routing" approach versus 
"kinematic routing" or "modified-Puls" approach. 

f. Review and document the most current estimate of reservoir stage 
capacity. 

g. Review the available estimates of the Probable Maximum Precipitation 
(PMP). Identify the differences between each of the estimates. In 
particular, what factors causes a duration (6-hour or 72-hour) to become 
more critical? 

h. Overtopping PMP used 11.5 inches. 
i. Review of routing indicates discharge in emergency spillway for 100-year 

event for design conditions. 

2. Downstream Impacts: This pertains not only to downstream impacts due to 
failure of one of more components of the dam, but impacts that would result from 
normal operations at the facility. The following are important issues that require 
review before the formal FMEA. 

a. Obtain updated EAP from the District. 
b. Does downstream culvert and roads need improvements/maintenance? 
c. What are the current construction activities in this area? 
d. Qualitatively assess downstream effects due to discharge from the 

emergency spillway. Qualitatively assess whether or not there would be 
an emergency spillway discharge during the 100-year event. 

e. Review and document the capacity of the outlet channel in light of the 
anticipated spillway discharges. 

f. Evaluate to the extent practical, the magnitude or frequency of storms that 
would result in spillway discharge. 

3. Erosion at  the Emergency Spillway: The emergency spillway is a concrete- 
lined chute. The following items require review: 
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a. Could discharge in spillway cause back eddy behind the energy dissipater 
walls? Rip-rap only extends downstream and does not wrap around side 
walls. 

b. No emergency access on left side of dam during flooding. 
c. Breach over spillway unlikely due to concrete lining, drain pipes, 

chimney, and Zone I1 soils. 

4. Failure of Principal Outlet: The principal outlet (PO) for the dam is a 
reinforced concrete pipe 36 inches in diameter. The following items require 
review: 

a. Qualitatively assess potential for piping around PO. 
b. Qualitatively assess potential for seepage piping. 
c. Filter around 36 in pipe needs to be reviewed. 
d. Pipe loads, elongation and cracks may occur if pipe constructed in fill. 
e. Review available information to qualitatively assess the structural 

adequacy of the principal outlet. 
f. Inspect the intake tower of the principal outlet to assess and document is 

the walls have deflected due to instabilities. 
g. Review available geotechnical information to assess is the principal outlet 

is underlain by collapsible soils. 
h. Visually inspect the intake tower for cracking. 

5 .  Piping Involving Foundation and Abutments: Relates to potential piping 
erosion of soil materials from the embankment fill into the foundation andlor 
developing through the foundation under the embankment. The following items 
need to be reviewed to assess this failure mechanism. 

a. GeotechnicaL/Geometric ProJle. Review the geotechnical profile along 
the embankment and the construction details of the cutoff trench(s), if any. 

i. Look for sharp transitions in foundation material types, foundation 
strippinglexcavation (e.g. to remove zones of soft or collapsible 
materials), dramatic changes in bedrock depth, etc. - conditions 
that could lead to differential settlement and transverse cracking 

ii. Check abutment material; foundation was poor and required more 
excavation. 

b. Buried Gravel Channels. Review the surficial geology/soil at the site to 
assess whether permeable gravel channels are present. 

i. Consider potential pathways for preferential seepage and erosion 
under the dam embankment. 

ii. Checkjilter compatibility between embankmentfill andfoundation 
soils (potential for downward piping into any openwork 
gravelslalluvial deposits?) 

c. Cutoff Trenches. Review the design and construction details of cutoff 
trenches to assess the potential for a defectsidesign flaws in the cutoff that 
could lead to seepage and erosion. 

i. Cutoff trenches of limited width (top of core trench not as wide as 
base of core zone) - potential for differential settlements that result 

Casandro Wash Dam Preliminary Failure Modes Page 3 of 7 
KHAProjcct No. 091 131008 

FCD2003C015 
PCN: 050.3631 



Kimley.Horn 
BWB - arid Awdates, lnc. a-n 

in cracking of core material or cracking at interface between core 
zone and adjacent shell zones 

ii. Cutoff trenches of limited depthlor no core trench - potential for 
concentrated'seepage along base of damlcore trench 

d. Erosivity of Foundation Soils. For dams with or without core trenches - 
consider erosivity of foundation soils and potential for concentrated exit 
gradients at unprotected toe(s) of darn(s) (under seepage during 
impoundment events). 

e. Potential for earth f s u r e s  extending under dam(s)? Scenario not likely 
in this region of Maricopa County. 

f. Downstream runoff erosion. Review and assess if discharge from natural 
drainages adversely impacts the downstream face, toe, or groins of the 
embankment. 

6. Erosion and Piping through the Embankment: This failure mode relates to the 
concentrated leakage piping along a transverse crack, or along a penetration 
through the dam (outlet pipes andlor utility conduits). The following are items 
that will be reviewed and assessed in preparation for to the FMEA: 

a. Transverse Cracking. Information related to identifying potential for 
transverse crack formation through embankment fill. Although transverse 
cracking has not been reported at any of the three FCD Wickenburg 
structures, case histories on other District dams warrant the evaluation of 
potential failure modes related to embankment piping for all District dams. 

i. Potential for desiccation shrinkage cracking of clayey fill materials 
(review soil PI'S and fines content, depth of non-clayey cover 
protecting clayey materials, etc). 

ii. Potential for differential settlement-induced cracking (transitions at 
cutoff trenches, collapsible soils in foundation, variability of 
foundation in longitudinal direction, etc.) 

. . . 
in. Discuss inability to viewlinspect for transverse cracking due to 

rock mulch slope protection. 
iv. Shrinkage cracking look at material characteristics 

b. Internal Filters. Review and assess to the extent practical the level of 
protection against concentrated leak piping provided by internal filters. 
This review should also evaluate the potential for a defect through the 
central filter. 

i. Check for gradation data on filterldrain and core material zones. 
(Filter compatibilitylfilter match criteria between adjacent material 
zones.) 

ii. Review internal stability of central chimneylfilter drain materials 
iii. Was a filter criteria assessment performed? 

c. Penetrations through Dam. Review drawings and information to 
evaluate vulnerability to piping along penetrations through dam (outlet 
conduitsiutilities). 

i. Consider outlet pipe construction methods (seepage collars, 
cradles, pipe bedding, etc). For example, if seepage collars were 
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installed around principal spillway, we know that poor compaction 
around seepage collars has lead to piping erosion in numerous case 
histories. . . 

11. Initial drain material had a problem with permeability, ran into 
crushed material causing holes to stay open. 

1.  How much of the dam was constructed with this material? 
2. Can this material support cracking? 

iii. Material was imported form phoenix 
1. How much of the dam was constructed with this material? 
2. Can this material support cracking? 
3. Use pit run 

iv. Were filter diaphragms installed, or does internal zoning around 
pipe meet requirements for filter diaphragms? 

v. Review utility plans. Sewer Line was removed, was it treated? 
What are downstream effects? 

d. Internal zoning geometry. Review construction details for internal 
zoning. Look for core/shell zones that do not extend to dam crest - if only 
extend to emergency spillway crest elevation - possibility of seepage 
"overtopping" core zone leading to erosion/loss of dam crest. (Sunset 
FRS) top limit (elevation vs. potential phreatic surface) for filter (Zone 11) 
material 

i. Internal zoning, compatibility between different zones 
e. Review the characteristics of case history of FCD embankment cracking 

(width, spacing, depth). 
f. Partially penetrating centraljilters. Review the central filter 

configuration in light of maximum crack depths to evaluate the potential 
for piping under a partially-penetrating center filter. 

g. Evaluate if animal burrows can serve as seepage conduits across the 
entire width of the embankment. 

7. Slope Stability: This failure mode covers both the upstream and downstream 
slopes of the embankment. The following items require review prior to the 
FMEA: 

a. General static and seismic stability of the upstream and downstream slopes 
of the dam. 

b. Rapid drawdown instability. 
c. Review the configuration of the central filter and assess to the extent 

practical, if a full head of water within the central filter could destabilize 
the downstream face of the dam. 

d. Erosional stability of dam crest under wave action. 
e. Was there a re-evaluation of stability based on change in drain material? 

8. Failure Mechanisms Associated with Presence of Collapsible Soils in Dam 
Foundation: This failure mode relates to the potential for collapse on saturation 
of meta-stable soils in the dam foundation. Geologic mappinglboring 
logs/laboratory test data will be reviewed to assess to the extent practical the 
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presence of potentially collapsible materials. If these soils are suspected to be 
present we need to consider the following failure modes: 

a. Potential for loss of freeboardlovertopping in zones of limited width where 
collapsible soils are present 

b. Differential settlement leading to formation of transverse cracks in 
embankment fill/foundation. 

c. Slope instability caused by loss of support/oversteepening of either 
upstream or downstream slopes. 

9. Failure Mechanisms Associated with Earth Fissures: Previous as well as 
current investigations by others have identified a strong potential for earth fissures 
at a number of FCD structures. This potential failure mode is an unlikely 
scenario. The following issues need to be reviewed as part of the FMEA: 

a. Review current investigations to evaluate the potential for earth fissures in 
the vicinity of the dam. 

b. Review the geotechnical properties of the soils to assess the potential for 
"pipe" or "tunnel" formation through the embankmentlfoundation along 
an earth fissure. 

c. Cracking of the embankment due to one or more earth fissures. This could 
result in some of the failure mechanisms related to seepage and erosion 
piping through the embankment. 

d. Review geotechnical data to assess the stability of the upstream slope 
under rapid drawdown conditions. The failure mechanism is similar to 
that discussed in item 7(b) above, with the exception that seepage along a 
fissure through the foundation soils could result in loss of support due to 
erosion of the (as opposed to collapsible) soils. 

10. Other considerations: This section addresses issues that are not directly related 
to a failure of the dam or its appurtenant facilities, but which nonetheless may be 
relevant to the FMEA: 

a. Qualitatively assess the impact of discharge from the emergency spillway 
on the downstream areas. Obtain spillway delineation study or FEMA 
study for Casandro Wash. 

b. Qualitatively assess the impact of groundwater withdrawal in the vicinity 
of the dam. 

c. Outlet flows, cavitations of spillways. 

5.0 Closure 

The aim of the workshop on February 24,2004 was to identify and develop a 
comprehensive list of failure modes for Casandro Wash Dam. In addition, the 
participants also identified key issues that require additional review or assessment during 
the Individual Structures Assessment and the Field Inspections. A detailed Failure 
Modes and Effects Analysis (FMEA) is beyond the scope of the Februarys 24 workshop. 
The FMEA for the dams is schedules as a future task of this work assignment (March 1 
2004 through March 6,2004). The list of items to be reviewed as presented in Section 
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FIELD INSPECTION REPORT 
for 

CASANDRO WASH DAM 

Flood Conml  Dismct 
of Mancopa County 

MARICOPA COUNTY, ARIZONA 

Purpose 

The purpose of the field examination is to provide a systematic visual field technical 
investigation in which the structural stability and operational adequacy of the dam project 
features are analyzed and evaluated to determine if deficiencies exist at the dam and 
associated project features. The examination was conducted by walking the length of the 
structure and visually examining the crest, upstream and downstream slopes, upstream 
and downstream toes, and appurtenant structures. Comments are recorded on an 
inspection log and photographs taken of pertinent observations. Cracks, holes, and 
burrows were probed with hand-held 3-foot stainless steel metal rodlprobes to examine 
depth, extent, and resistance to probing. No other intrusive/intemal examination method 
was used during this examination. 

The field examination of the structure is accomplished to provide a basis for timely 
initiation of corrective measures to be taken where necessary. This examination was 
conducted on February 25,2004 by the following technical examination team: 

Technical Examination Team 

Robert Eichinger, P.E., CFM Project Manager, Kimley-Horn and Associates 
Debbie Miller, Ph.D., P.E. Senior Geotechnical Engineer, Gannett Fleming 
Ken Euge, P.G. Principal Geologist, Geological Consultants 
Enamul Hoque, P.E. Principal, Hoque & Associates, Inc. 
Kelli Blanchard, EIT Civil Analyst, Kimley-Horn and Associates 
Mike Meng Structures Technician, Flood Control District of Maricopa 

County 
Operational Summary 

Inspection Frequency: Casandro Wash Dam is inspected on an annual basis by the 
Flood Control District (FCD). In addition to the annual insuections. the District conducts 
quarterly operation and maintenance inspections, flood related event inspections, and as- 
needed site inspections. The Arizona Department of Water Resources and the Natural 
Resources Conservation Service are invited to participate in annual inspections of 
Casandro Wash Dam. 
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Maximum Water Surface Elevations: The District maintains a log of maximum water 
surface elevations for Casandro Wash Dam. The maximum recorded impoundment for 
Sunnycove reservoir is 65 acre-feet with a stage of 11.30 feet (gage height) at the dam 
(September 1997). 

Emergency Spillway Discharges. Based on District records, there has been no recorded 
emergency spillway flows at Casandro Wash Dam. The spillway is a reinforced concrete 
chute spillway with an elliptical spillway crest. The spillway terminates into a St. 
Anthony Falls energy dissipater. A rip-rap blanket is located downstream of the energy 
dissipater to minimize channel erosion. The District has entered into an 
intergovernmental agreement with the Town of Wickenburg to require a floodplain 
district downstream of the emergency spillway. 

Distress Observations Corrected or Operation and Maintenance Conducted Since 
Last Insaection: In 2003. the District has placed gravel mulch on the embankment . - - 
slopes to help control slope erosion and rilling. 

Past Distress Observations Not Yet Corrected: None 

Flood Control District Operation and Maintenance Responsibilities: The District is 
responsible for total operation and maintenance of Casandro Wash Dam and associated 
appurtenances. 

Field Examination Results Summary 

Embankment: The crest of the dam is gravel plated. All crest settlement monuments 
were found. Station markers were located. The crest is clear of vegetation. The access 
gates and fences are operational. No longitudinal cracks or transverse cracks were 
observed on the crest of the dam. 

Abutments: The left and right abutment contacts appear in satisfactory operational 
condition. No slides, sign of instability or erosion of the abutment surfaces were 
observed. Abutment were clear of vegetation. 

Upstream Slope: There are several small animal burrows on the slope face. There was 
no evidence of seepage, undermining, settlement or sloughing. There is gravel rock 
mulch protection on the slope. There is gravel rock mulch protection on the slope. 

Downstream Slope: Animal burrows are evident on this slope face primarily on the 
lower one-third of the slope. These burrows appear to be attributable to rodents. The 
slope has a low density of small shrubs and grasses. There was no evidence of seepage, 
undermining, settlement or sloughing. There is gravel rock mulch protection on the 

0 slope. 
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Principal Spillway: The approach channel was clear of debris and obstructions. The 
reservoir pool is clear of vegetation and debris. 

The exterior of the inlet structure was clean. The concrete for the inlet structure showed 
no signs of structural distress. The trash rack was clear of debris and obstructions. The 
interior of the principal spillway conduit was inspected visually. The spillway conduit 
appeared clear of debris and obstructions. The District has videotaped the interior of the 
conduit. A review of the video indicates that the conduit is clear of debris and 
obstructions. The conduit was clean and there were no apparent signs of seepage. 

The discharge outlet structure of the principal spillway was clear of debris. The joints of 
the outlet structure were straight and appeared tight. There were no signs of seepage. 

Emergency Spillway: The emergency spillway is located on the embankment. The 
emergency spillway is a reinforced concrete chute spillway that terminates into an energy 
dissipator. The spillway is clear of any obstructions. 

Instrumentation: Casandro Wash Dam has six crest settlement monuments. The crest 
monuments are located just off the downstream crest of the structure. The crest 
monuments appeared to be undamaged. The structure also has three downstream toe 
monuments. An FCD benchmark monument is located on the hilltop at the upstream end 
of the left abutment. All monuments were found and in good condition. The inspection 
team recommends a minimum of two additional crest monuments be installed. The 
locations for the two monuments are proposed to be located near the right abutment and 
mid-way between the right abutment and the residential home. 

A staff gauge located on the upstream slope at the principal spillway is used to indicate 
the level of water impounded in the reservoir. A pressure transducer is located at the 
inlet structure of the principal spillway. The transducer works in combination with a 
flood warning telemetry system, which allows signals to be sent to a centralized receiver 
at the District indicating water levels at the reservoir. 

Conclusions 

The overall conclusion of the field examination is that the Casandro Wash Dam and 
appurtenant structures are in satisfactory operational condition. 

Recommendations 

The following is a list of recommended corrective actions resulting from this field 
examination: 
a. Add two additional crest monuments as discussed above. 

Next Annual Inspection 

The next annual inspection by FCD is scheduled for November 2004. 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY -DAM SAFETY 
EMBANKMENT DAM INSPECTION CHECKLIST I REPORT 

Each itcm of the checklist should becompleted. Repair is required when obvious problems are observed. Monitoring is recommended if there is a potential for a problem to 
occur in the future. Investiaation is necessarv if the reason for the observed oroblem is not obvious. . 

(I! nef descnptlon should be made of any noted irregulantles, needed mamtenance, or problems Abbmahons and sholt descnpt~ons are recommended Add~t~onal 
s 

f Emslon? J 

a. En,r~~,n? (;ravel mulch placed on up5Ircam face ( Z O _ o ~ N _ ~ ~ ~ i ~ n ~ d  ,,here mulch plared J 

&(s) may be used for any ~tcms not listed and adda~onal comments 

2 UPSTREAM SLOPE - 3 Iiorizantal : 1 Vertical 

h. Inadequate gourd u,wcr? Ground rover hasin~prored Itrlh gravel mulch appliratil,n. Rack mulch war placed 
much thinner at Ihic ?In thanq!.Sunnyrove and S u n w  FRlj. -. 

ADWR NO 07.65 
FCDNO 343 

J 

DAM NAME Casandro Wash Dam TYPE Earthfill with 
Chimney Filterldrain 

CONTACTS 

INSPECTED BY KHA Team (see ISA Repon) 

REVLEWED BY Bob E~chmger 

T 

A 
P 
P 
L 
I 

N 
0 

REPORT DATE March 24,2004 

INSPECTION 
DATE Fehruaty 25,2004 

1 
N 

C N E O I T  

REVIEW 
DATE March 24,2004 

SPILLWAY CREST ELEVATION 2157.2 ft. 

PAGE 1 of 6 

M 
0 

O S R R E  HAZARD CLASS High SEE  Small 

lNFLOW DESIGN FLOOD !4 PMF 

DAM CREST LENGTH 1011 ft. 

R 
N E I  
I P G  

Y T A A  

V 
E 
S 
T 

SPILLWAY CREST WIDTH 80 ft. 

DAM CREST WIDTH 14 R. 

ADWRDAM HEIGHT 32.5 ft. 

DAM CREST ELEV 2165.7 ft. 

CURRENT RESERVOIR LEVEL Empty 

Item 

TOTAL FREEBOARD 8.5 ft. PHOTOS Yes (6) 

Comments 
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INSPECTED BY KHA Team (see ISA Report) DATE February 25,2004 N Y h f R I  
I N E O E N  

em Comments A O S N P V  

I 4 DIIAIN.\til:-SECPAli C'UN'I'KUI - 4 i t  \r 14: ch~nmc.) filter d~atn loc~tr.d Jo\mstre.un ol'thc J m  i ~ r ~ t c r l i ~ ~ ~  li.uet~ds irum approxtm.!te ele\atlotr 2162 2 11 

to b li h:lom the foundntloll crcavarlon l h e  36-~nch 11C'I' outlet pipe prolecb tltrouxh the ih~nlocy dram tvhlch acls L, n 4Jiaphragm Ills cl~tnm:y dram lhs I . .  . . ~ - 

four finder Jrni~ls (10 R nldc a1 rhc base ;alJ 3 A. hlgl~,, 2 on cailt ,id&. of !he ,p~ll\\av tl~st d2yligl~r on tlrc Jt>\rncur.~n~ slupr. 'I the ilnert C I ? \ . U I O ~ I  s.lwrc tile 
linger ,lr.~ins nlect thc chlmnet dr:un is ~pproxtn~atcly 2135 2 ti 

I I I I I 

e. Do thejoints show: 

1. Displacement or offset? 
J 
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INSPECTED BY KIIA Team (sce ISA Report) DATE February 25,2004 N Y M R I  
I N E O E N  

Comments A O S N P V  

n.. nf ,n,nt mr,snrl? I J I  I I I I I -. ," .... ... " .-.. ".. 
J  

3. Leakage? 

f. Are the trash racks: 

J  
I. Broken or bent? 

J  
2. Corroded or rusted? 

J  
3. Obstructed? Clear of debris 

g. Principal Spillway Gate(s): 

J  
1. Broken or bent? 

J  
2. Corroded or rusted? .' 
3. Leakmg? No visual indication of leakage 

J  
4. Not seated properly? Visual observation indicates gate is properly seated. 

J  
Not operational? 

J  
6. Not periodically maintained? 

7. Date last operated? 1 
PRINC'll'AL. SI'II.I.\VAY - CONVlJlT - 36-inch dianlctcr cuncrctc encased RCF (in\crt clnrlion 2137.3 11.) that diwharces onlo the concrele lined 
cmcremcy spillway uprlream nfslilline basin. 

I I I I I I 
O. YLC,,OEL LLll" L."LL"Y.LI L." V . 1 Y . i  .... ".\nu".. u. rrrpnjr ".." ."..""." I I I 

b. Debris present? Looked through pipe from upstream and downstream and did not see any trash or sediment 
J  

I J I  I I I I I 
e. Do thejoints show: Video taped pipe 2003. No problems noted. 

I. Displacement or offset? 
J  

2. Loss ofjoint material? 
J  

I I 

a. If concrete, do surfaces show: 1 
1. Spalling or Scaling? J  

2. Crackmg? J  
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INSPECTED BY. KHA Team (see ISA Report) DATE February 25,2004 N Y M R I  

Comments 
I N E O E N  
A O S N P V  
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3. Is crest eroding? 

d. Is weir in pwr condition? 

2. Loss ofjoint material? 

J  

J  

d. If an unlined channd, does it show: 

a. If concrete, do surfaces show: 

J  

1. Emsion? 

2. Slopes sloughing? 

3 Pwrly protected wl vegetanonlnprap? Riprap lined downstream of stilling basin. 

3. Leakage? 

J  

J 

J  

J  

14 EMERGENCY SPILLWAY-TERMNAL STRUCTURE -Stilling Basin 

I .  Spalling or scaling? 

3. Erosion? 

4. Exposed reinforcement? 

J  

2. Cracking? Shrinkage or  temperature c racb  only. No strnchlral cracks noted. No change 2003 and 2004. 
J J  



16 RESERVOIR 

a. High water marks? 

b. ErosiodSlides into pool area? 

c. Sediment accumulation? 

d. Floahng debris present? 

e. Depressions, sinkholes or vortices? 

f Law ndgeslsaddles allow~ng overflow? 

c Last monltonngreport August 1997. Surveyed in 2003 and scheduled for 2004. 

18 CONDITION SUMMARY I EAP I MAWTENANCE RECOiWvENDATIONS /NEXT INSPECTION 

J 

J 

J 

J 

"' 

a. List type@) of instrumentation: Reservoir gage, alert gauge and settlemenUsedimentation markers. Recommend install three additional crest 
monuments hehveen right abutment and right wall of emergency spillway 

. Any safety deficiencies? None. 

. Safestorage level on License: Emergency spillway crest (temporary only - until reservoir can be emptied). 

J 

b. Any repair or replacement required? 

g Shuchlres below dam crest elevahon7 

J 

J 

c. Date of current ADWR License: January 7,1998 

i. MaintenanceRecommendations: From 2002 Inspection 1) Completed repairs to riling on both slopes with gravelmulch application (2003); 2) Survey 
dam (2003 congleted); 3) Video b p e  and inspect principal spillway conduit (completed 2003); 4) Extend grouted riprap a t  the right downstream 
groin area (completed 2003); 5) Remove soil stockpiled on the downstream toe in front of the outlet for the cen&aUfdter drain (completed 2003). 
From 2003 Inspection: Install animal guards in drains in stilling basin. 6) Install headcut pins (see ISA report) 7) Install additional crest settlement 

17 INSTRUMENTATION 

d. Any ADWR Actions Outstanding? None. Describe and list required action: 

e. Recorded size: Small Should size berevised? 

f. Recorded downstream hazanl: High Should hazanl be revised? 

11. Nonnal inspection frequency: Annual Should inspection frequency be revised? 

monuments (sec 17.a). - 

J 

J 

J 

J 

i. Is Supplemental inspection required: None 

k. Recommended date for next inspection: November 2004. 

I. Status of Strucmre Assessment Program: Scheduled for FY 2003-2004 

ATTACHMENTS: 

@ Photos (12) 



Casandro Wash Dam -"king from Left Abutment 
Downslream Facing Southeast. Photo Date 2/25/04 

Casandro Wash Dam Upstream Slope Facing Northwest Photo 
Date 2/25/04 
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Casandro Wash Dam Downstream Slope Facing North -Note 
Erosion Gully. Photo Date 2/25/04 



Casandro Wash Dam Emergency Spillway Approach and Crest 
Upstream Slope Pacing South. Photo Date 2/25/04 

Casandro Wash Dam Emergency Spillway Chute and Energy 
Dissipater Downstream Slope Facing South. Photo Date 
2/25/04 



Casandro Wash Dam Principal Spillway Outlet Facing North. 
Photo Date 2/25/04 
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FAILURE MODE AND EFFECTS ANALYSIS 
for 

CASANDRO WASH DAM 

MARICOPA COUNTY, ARIZONA 

June 29,2004 

1.0 INTRODUCTION 
General Deseri~tion 

Casandro Wash Dam is located in the Town of Wickenburg, Arizona north of the 
intersection of U.S. 60 and Mariposa Avenue. The dam project consists of a 
homogeneous earth dam embankment with a nearly full-height central chimney 
drainlfilter, a reinforced concrete spillway located centrally on the dam, an intake 
structure, the principal spillway outlet conduit, and the principal spillway outlet that 
discharges into the emergency spillway. The project was identified as flood control 
component in the Wickenburg Area Drainage Master Plan. 

Casandro Wash Dam is classified as small sized, high hazard dam. The reservoir behind 
the dam is 11 acres with a capacity of 145 acre-feet with no sediment acculmulation. 
Design of Casandro Wash Dam was completed by the Flood Control District of Maricopa 
County. Construction of the dam and appurtenant structures was completed by CH2M 
Hill in June 1995. 

The dam has performed satisfactorily to date. The dam has experienced only one 
significant impoundment since construction rising 11.3 feet above the upstream toe which 
is within 24 feet of spillway crest. There has been no discharge through the emergency 
spillway to date. 

Dam Data 
Dam type: Homogeneous Earthfill with a Vertical Chimney FilterIDrain with Finger 
Drains, Shallow Cutoff and a 6 foot deep Foundation Filter 
Dam height: 32 .54  
Dam length: 1,011-ft 
Dam crest: width 14-ft; elevation 2165.7-ft (NAVD88) 
Spillways: 

Principal - 36-inch RCP, inlet elevation 2135-ft, discharges into the emergency 
spillway chute; 
Emergency spillway - 80-ft wide reinforced concrete lined chute over the 
embankment, ogee crested weir with concrete training walls at crest elevation 
2157.2-ft, USBR Type 111 energy dissipater at end of chute 

Freeboard: 3-ft 
Reservoir Surface: I 1-ac at emergency spillway crest 
Storage: 143-af with 2-af of sediment 
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Hazard Classification: High 

Hvdrolow Data (elevations in NGVD29 datum) 

Hydrologic studies for this dam include the: 
a. 1995 Design Report by CH2M Hill 
b. Wickenburg Study December 1974 The Wickenburg watershed work plan 

included information on Sunset Wash, Sunnycove Wash, Casandro Wash, and 
Sols Wash. 

c. Conditional Letter of Map Revision (CLOMR), September 1996 -The study was 
completed due to the construction of Casandro Wash Dam having a effect on the 
floodplain in the town of Wickenburg. 
Probable Maximum Precipitation = 15.0 inches in a 6-hour period 
100-year 6-hour = 3.35 inches and 100-year 24-hour = 4.2 in 
PMPIPMF HMR 49 Peak Inflow - 10,941 cfs, 112PMF Peak Inflow - 5,398 cfs 
100-year Peak Inflow (1995 Design Report) = 1769 cfs 
100-year Peak Inflow (Wickenburg Study) = 81 1 cfs 
100-year Peak Inflow (Casandro Wash CLOMR, September 1996) = 1265 cfs 
100-year Volume = 156 ac-ft; % PMF Volume = 203 ac-ft; PMF Volume= 406 
ac-ft 
Spillway Design - 3744 cfs at 2160.69 ft (assumes low flow orifice clogged); 
Spillway Crest elevation - 2155.0 ft (NGVD29) 
Dam Crest elevation- 2163.50 ft 
Freeboard (for IDF = % PMF): Approximately 2.8 ft 
Reservoir Volume - 1435 ac-ft at spillway crest with 2 ac-ft sediment storage 
Flood Routing - % PMF initial conditions at empty pool. 
LOO-year Reservoir Elevations: 100-year 6-hour: 2153.9 ft (later model run final 
design 2155.3 ft) 
Emergency Spillway Outflow: 100-year = 118 cfs if orifice to Principal Outlet is 
operating (not plugged); 15 1 cfs if orifice to Principal outlet is plugged 
Principal Outlet Outflow: CLOMR study: elevation 2153.97 ft  intake through 
orifice = 30 cfs 
Casandro Wash Outfall Capacity - 339 cfs (designed for50-year storm) (total 
entering based on LOMR = 3 19 cfs; includes 20 cfs from dam) hydrology done 
under future land use. 
!h PMF Outflow: 3708 w10 and 3744 with orifice at peak elevations - 2160.2 ft 
with and 2160.7 ft without orifice 
PMF Outflow: discharge estimated from rating graph = 6,800 cfs at 2168.2 ft. 

Purpose and Scope 
In general, the purpose of the Failure Mode and Effects Analysis (FMEA) exercise was 
to: 

Identify site-specific potential failure modes for the dam. 
Discuss qualitatively the likelihood of the occurrence of the potential failure modes. 
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Determine whether or not, and how, important the potential failure mechanisms are 
being monitored. 
Examine the potential consequences of failure and the adverse consequences of 
successful operation during flood loading (e.g. - large spillway releases). 
Identify possible risk reduction actions that may be taken to reduce the likelihood of 
failure or to mitigate adverse consequences. 

= Determine what information, investigations or analyses may be needed to resolve 
uncertainties relative to potential failure modes. 

(Note: In this phase, the FMEA team examined the general nature of the 
"consequences" for the failure modes identified. Greater detail on the estimate of 
the magnitude of the "consequences" for each significant failure mode may need 
to be addressed at some future time.) 

Team Members 

Tom Renckly, P.E., Flood Control District of Maricopa County, Project Manager, 
Michael Greenslade, P.E., Flood Control District of Maricopa County, Dam Safety 
Engineer 
Bob Eichinger, P.E., CFM, Kimley-Horn and Associates, Inc., Project Manager 
Larry Von Thun, P.E, Dam Consultant and FMEA Facilitator 
Debbie Miller, P.E., PhD, Gannett Fleming, Inc. Geotechnical 
Ken Euge, R.G., Geological Consultants, Geology 
Kelli Blanchard, E.I.T, Kimley-Horn and Associates, Inc, Session Recorder 

2.0 MAJOR FINDINGS AND UNDERSTANDINGS GAINED 

The following is a summary of the major findings and understandings for Casandro Wash 
Dam as a result of the Failure Mode and Effects Analysis (FMEA). Casandro Wash Dam 
is one of three dams located in relatively close o'f each other in Wickenburg, 
Arizona (the other two are Sunnycove FRS and Sunset Dam). 

The major findings and understandings given below are organized as follows. First the 
important geotechnical, geologic; design, construction, and performance differences or 
unique aspects related to the potential for failure mode development of Casandro Wash 
Dam are given. Findings related to failure modes or adverse consequences for 
overtopping and spillway discharge are given next. Findings related to consequences are 
given next followed by action items (risk reduction and investigations). Finally, general 
findings those are informational and/or generally similar for the dam is provided. 

Key Findingsrnifferences Related To Failure Mode Development - "Static Loading 
Failures - Seepage Erosion - Fissuring - Foundation Erosion -Etc." 

0 
1) Low Density Soils In Left And Right Abutment. Review of project data indicates the 

presence of low density, un-cemented soils in the left and right abutments. There 
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appears to be a relatively thicker horizon of such soils in the left abutment than the 
right abutment. 

2) Long Seepage Path at Left Abutment. The left abutment extension provides a long, 
end around seepage path and filter protection against seepage erosion. 

3) Foundation On Dense Cemented Soils. The dam is founded on competent, dense, 
cemented alluvial materials. Care was taken during foundation preparation to remove - A A 

un-cemented recent channel deposits prior to fill placement. 
4) Stabilitv Computations. Stability calculations prepared during design appear to 

indicate that the slope stability of the structure is acceptable, but the "critical" failure 
surfaces analyzed and reported were all very shallow. There is a need to document 
the factors of safety of more relevant trial slip surfaces with additional stability 
analyses that consider more meaningful failure surfaces which actually take out a 
portion of the dam crest. (also see next point ) 

5) Material Properties In Design Different Than In Construction. Material properties of 
the homogeneous fill planned for in design were different than what was actually 
used in construction. The shear strength of the material actually used for the fill 
needs to be estimated and slope stability analyses need to be re-run and documented 
for the project record because of a documented material property change for the Zone 
1 that was discovered during construction. This material property difference also has 
significant implications relative to the need for and performance of the filter 1 drain 
system. Ingress of the wetting front into the dam is much slower and produces much 

0 
less flow to the drain than anticipated by design due to higher fines content materials 
actually used in Zone I than was anticipated during design. Thus, the primary 
defensive function of the filterldrain is that of providing filter protection against the 
vossibility of transverse cracks through the dam. 

6) Chimney- rain Extent. The Zone I1 b r a i d ~ i l t e r  extends well into the foundation (6- 
ft below the base of fill) and to within 3.5 ft of the crest. Although the draidfilter 
does not reach all the way to the crest it essentially provides full protection against 
transverse cracking when the drop in the head of a flow surface in any transverse 
crack is considered and the low probability and very short time that water would exist 
in the upper 3.5 feet of the reservoir. Further, providing some significant cover over 
the filterldrain to ensure that it does not receive infiltration (and resultant cementation 
and the ability to sustain an open crack) is an appropriate design feature. Thus the 
location of the top of the filter / drain is not considered a fundamental flaw in the 
design of the dam with respect to the potential for failure mode development. 

7) Principal Spillway Outlet Conduit. The principal spillway outlet conduit is founded 
on embankment fill. There was no perceived issue (based on observed performance 
and video inspection of the outlet) with regarded to settlement of the conduit. The 
FMEA team also perceived no issue with regard to the potential for piping of fill 
material alonglaround the conduit because the chimney drain provides a filter 
diaphragm for the conduit that defends against that potential failure mode. 

8) Filter Borrow Sources. The construction reports indicate that there were two filter 
sources for the chimney drainlfilter. The original source was obtained from local 
borrow (reservoir pool), and was described as angular. This source was changed to a 
more rounded imported borrow source from a supplier in Phoenix. The angular 
characteristics of the original source are less preferable for use in a filter / drain zone 
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because they would have a lesser propensity to collapse and fill an opening (such as a 
transverse crack). As it turned out switching to the more rounded material in time for 
it to be placed in the upper portions of the dam, which has by far the greater 
susceptibility to development of transverse cracking, was fortuitous. Thus, the 
placement of the less preferable material in the lower part of the dam results in no 
significant concern with regard to potential failure mode development. 

9) Right Abutment Steep Slope. The right abutment contact was designed to be and 
was constructed on a relatively steep slope (for an embankment dam). This is evident 
based on a review of design and as-built drawings and plans (See Appendix A). 
Beyond the primary dadabutment contact the abutment ridge continues for several 
hundred feet across the valley, essentially parallel with the dam axis. Thus, the 
reservoir is retained by this abutment in a similar manner as the main embankment. 
The abutment ridge "water barrier" was constructed with a small thickness of blanket 
of fill material. The transition area between the full embankment section at the 
contact to the blanket fill over the abutment just beyond the dam where the blanket 
fill covers a relatively narrow portion of the ridge is a location that is unprotected (by 
the filtertdrain present in the full embankment section) and is a potentially vulnerable 
area for concentrated seepage andlor transverse cracking at the abutment contact or 
through the abutment just beyond the contact. No cracking has been noted in this 
area. The reservoir level has not been a high enough level for a long enough period to 
test the performance of this abutment contact area. 

0 10) Filter Material Permeability. The permeability of the chimney drainlfilter material 
may be lower than anticipated by design due to gradation and placement density of 
the original angular Zone I1 material source. The FMEA team does not consider the 
filtertdrain permeability to be an issue at this time because the required capacity of 
the filtertdrain is expected to be small given the limited impoundment times and low 
hydraulic conductivity of the Zone I fill in the upstream zone of the dam. 

11) No Subsidence, Earth Fissures, or Seismic Issues. Evidence and reports do not 
indicate any indication of the possibility for fissures, or subsidence in this area. The 
possibility of the presence of earth fissuring or subsidence in the vicinity of the FRS 
or region around the FRS is considered to be very low due to the geologic subsurface 
conditions in the region (bedrock and shallow alluvium materials dominate the area). 
The lack of any studies concerning subsidence or experience with subsidence in this 
region also illustrate the very low potential for fissuring or subsidence. The FMEA 
team considered that there are no issues or potential failure modes associated with 
subsidence, earth fissures, or seismicity with this dam. 

12) Sanitary Sewer Line Under Reservoir and Dam. The FMEA team identified that the 
sanitary sewer pipe that runs through the reservoir and continues through the 
foundation under the dam does not present a potential failure mode. Examination of 
the as-built plan as well as construction photos indicates that the pipe is founded on 
competent, dense native materials; is encased in concrete; and penetrates the chimney 
drain, which serves as a filter diaphragm around the concrete-encased pipe. The 
detail for the sewer pipe penetration through the chimney drain was designed and 
constructed as a field order and is shown on the as-built. 

13) Low Probability of Transverse Cracks and Negligible Piping Or Internal Erosion 
Potential. This is based on: 
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the as built Zone 1 material properties which do not have a high plastic clay 
content, 
the somewhat greater precipitation in this region than lower in the valley 
(where considerable cracking of the District's Dams has occurred) and 
the lack of appearance of any cracking at the dam to date, 

The probability of this dam developing transverse cracks of significant length and 
width appears low. It is noted for, however, that this dam is relatively young and 
drying shrinkage cracking likelihood and significance has shown the propensity to 
increase with time and that not withstanding the second bullet above this dam is in an 
arid area. In the final analysis, however, the potential for a potential failure mode to 
develop due to the presence of transverse cracks or due to internal erosion is not 
credible due to the presence of the filterldrain in the dam. 

Key Findingsrnifferences Related To Failure Mode Development - "Flooding - 
Overtopping - Spillway Discharges - Etc." 

14) Hydrologic Loading . HMR-49 guidelines were used to establish the hydrologic 
loading for Casandro Wash Dam. Based on its hazard classification (small size - 
high hazard) the Inflow Design Flood for the dam was established as the !4 PMF. As 
a matter of routine practice the PMF was also computed (the ordinates of the PMF are 
needed to define the !4 PMF). The drainage basin area to the dam used in the 
original design is approximately 1.24 sq. mi. Subsequently basin sizes of 1.6 
(LOMR), and 3.0 sq. mi. have been indicated in various reports. 

15) The initial (1 995) PMF and % PMF estimates for Casandro Wash Dam were PMF 
Peak Inflow - 10,941 cfs, IRPMF Peak Inflow - 5,398 cfs 

16) Hydrologic Routing. The hydrologic routing for the IDF started with an initial water 
surface elevation with an empty pool. 

17) Rip-Rap At Stilling Basin. The emergency spillway discharge empties into a stilling 
basin and then flows down an excavated channel that has been filled with riprap (for 
approximately 4 ft). This rip-rap, which is shown on the as-built plans, is not visible 
from site observation because the rip-rap material is buried below ground and is 
obscured by a gravellcobble mulch cover over the rip-rap. The rip rap does not 
extend outside of the channel on the flanks of the spillway. Thus, this area is 
potentially susceptible to erosion. (see finding 26) 

18) Principal Spillway Outlet. There may be a potential hydraulic issue with the principal 
outlet discharging into the emergency spillway when the emergency spillway is in 
operation. The impact of principal spillway flows with concurrent emergency 
spillway discharge needs to be evaluated. 

19) Emergency S~illwav Discharges. During the design of the dam the initial concept 
regarding the emergency spillway was to have no discharges during a 100-year storm. 
The primary intake to the outlet was sized on this basis (16 inch diameter open 
orifice, 1.4 sq. ft. with invert elevation of 2135). Subsequently, however, apparently 
the hydrology changed such that a discharge of 120 cfs occurred during a 100-yr 
storm event. This amount of discharge was apparently accepted and such there no 
redesign of the intake was necessary. The background for this change or the rationale 
behind acceptance of discharge was not documented. Note that the Casandro Wash 
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LOMR hydrology indicates no discharge from the emergency spillway during the 
100-year storm. 

20)No Failure Mode for Principal Outlet. The FMEA team did not identify a potential 
structural related failure mode for the principal outlet. The team considers it prudent 
that the outlet conduit be continued to be monitored for movement and be videotaped 
after maior impoundments. 

21) Dam Tested with One significant Impoundment. There was one impoundment of 11.5 
ft. in 1997. This impoundment was measured from gage elevation 0.00 which was at 
the invert of the inlet at elevation 2134.69 ft. This places the impoundment at 
elevation 2145.69 feet, 9.25 feet below the spillway crest and 17.8 feet below the top 
of the dam. 

22) Runoff based on Future Land Use Conditions. The inflow associated with the 100-yr 
storm (as well as for the PMF and % PMF) was estimated based on assuming future 
land use conditions in the watershed. This results in higher inflow levels than what 
would be estimated based on existing conditions. The hydrologic loading (peak 
inflow and volume and the associated routing) was not examined for a 24-hr or 72 -hr 
storm duration (6-hr only). It was apparently assumed based on previous estimates for 
other sites that these storms would be less critical with respect to peak reservoir 
elevation. The FMEA team considers that these assurnutions should be verified bv 
accomplishing appropriate flood estimates and routings as necessary. The reservoir 
levels and the time period that reservoir levels are sustained should be compared and 
documented for the various storm durations. 

Consequence Evaluation 

23) Hydrologic Routing. The hydrologic routing for the IDF started with an initial water 
surface elevation with an empty pool. This assumption is based on ensuring that the 
pool is drained after the antecedent flood. This assumption appears reasonable to 
make, if several risk reduction actions noted by the FMEA team are made to ensure 
that intake opening(s) remain functional. (e.g - utilizes the 24-inch gated opening and 
positively protects it against plugging). 

24) LOMR Hydrology Results. The LOMR hydrology indicates no spill for the 100-yr 6- 
hr storm event. It is suggested the District to evaluate and accept the LOMR 
hydrology for the dam. Design hydrology shows spill. 

25) Downstream Special Flood Plain District Written Into IGA. The Intergovernmental 
Agreement between the District and the Town of Wickenburg promulgated and 
established a special floodplain district for Casandro Wash downstream from the 
Casandro Wash Dam. The IGA defines the boundaries of a special floodplain district 
that limits the types of structures that may be constructed within the special district. 
The aim of establishing the district restricts residential development within the 
identified boundaries. 

26) Minimal Warning Time for Spills. There is very little warning time for spillway 
releases. There is a need to evaluate and improve public awareness. Also there is a 
need to improve warning time (improve ALERT system as one measure). There is 
surface discharge at this dam from the principal outlet before releases in the 
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emergency spillway which helps ensure downstream residents are aware of a 
potential spill. 

27) Erosion Potential Downstream from Wing Walls. There appears to be a potential for 
erosion at the downstream end of the emergency spillway behind the wing walls as 
discharged flows could cause eddies on the backside of the walls where there is 
currently no rip-rap protection. Significant erosion gullies and headcutting have 
developed around the manholes in the drainage immediately downstream from the 
spillway, highlighting the erosivity of the native materials. The FMEA team 
recommends extending the buried rip-rap around and behind the wing walls and 
repairing the downstream head cut area. 

28) Only One Categorv I Potential Adverse Consequence And One Category I1 Potential 
Failure Mode Identified. The only Category I potential adverse consequence 
identified is due to normal operations of the emergency spillway. There was only one 
category I1 potential failure mode identified, this mode related to seepage erosion 
through the right abutment. 

29) Dambreak Analysis Is Not Realistic. The dambreak analysis parameters and 
assumptions were: 

Time to failure: 15 minutes 
Breach bottom width: 40 feet 
Inflow design flood: % PMF 
Reservoir initial conditions: empty 
Time commencement of breach: Pool reaches elevation of emergency 
spillway crest 
Type of failure: Breach due to piping (no overtopping as hydrologic analysis 
indicates that the '/z PMF passes through dam with 3 feet of freeboard. 
Breach Depth: Extends to bottom of reservoir 
Concrete spillway is not removed during the breach 
Breach side slope adjacent to spillway: 0:l (essentially vertical) 
Breach side slope adjacent to right contact: 4: 1 (follows the natural ground 
slope) 

The FMEA team considers that these breach parameters are not realistic. The FMEA 
team recommends that the dambreak analysis be reevaluated and the EAP updated with 
the new inundation mapping. 
30) Local Control of EAP. The EAP is monitored and implement locally by the Town of 

Wickenburg. This control helps in shortening response time and evacuation time. 

Action Items -Risk Reduction Measures or Investigations 

3 1) Flood Event Inspections. Monitor left and right abutments during inspections at flood 
events. See item no. 1 above. 

32) Route Full PMF. Need to route PMF under as-built or existing conditions and 
document (24 and 72 hour durations were not evaluated). 

33) Gated Orifice Opening. Possibility of using the gated 24-in opening during rising 
limb of hydrograph. This would require re-evaluation and re-establishment of the 
operating criteria to increase level of flood protection. 
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34) Operability of 16 inch diameter Open Orifice. Look at means to ensure the current 
intake to the outlet works is not plugged with debris or sediment and thus operability 
of the open orifice. 

35) Land Rights To Top of Dam. Check land rights for reservoir pool elevation and top 
of dam elevation. Future consideration may require a check of land rights up to the 
reservoir elevation under the PMF routing. 

36) Evaluate Need for Upstream Emergency Action Plan. 
37) Conduct Stage-Storage Study. Conduct a stage-storage study with and without 

considering increased discharges through the principal outlet (modifying operation of 
24-inch orifice). 

38) Verify LOMR Use of Orifice During Flood Routing. The Casandro Wash LOMR 
indicated no emergency spillway discharge while the design study has spill. Check 
LOMR study to see if discharge from principal spillway was determined. 

39) LOMR Has Been Apvroved BY FEMA. The District has adopted the findings of the 
LOMR study, but has not put those findings into practice (e.g. - not in the key 
resource documents for the Dam). The District should decide on where and how it 
should implement/use the LOMR results regarding the hydrology for the dam and on 
the implications of adopting the LOMR results. 

40) Route Full PMPIPMF as To Concept Report. Verify the PMF parameters and routing 
reported in the concept design document report and determine what the starting water 
surface elevation used in pool as initial conditions. 

41) Check 24 and 72-Hour PMPIPMF Storms. These storms may be more critical than 
the 6-hour storm. 

42) Make Crest Level. Fill in existing low spot on dam crest. 
43) Crest Raise Possible. Raising the dam crest is an option if routing indicates such a 

need for a modification. 
44) Evaluate Principal Spillway DischargelEmergency Spillway Discharge Hydraulics. 

Evaluate the relationship and effect of principal outlet on spillway discharge. - 
45) Rip-Rap At  owns stream Ends of ~ i n i  walls. Place rip-rap on downstream ends and 

sides of wing walls to protect end around condition and erosion by backflow eddies. 
Run two-dimensional flow model to assist in determination of size and extent of rip- 
rav. 

46) Develop Measures to Minimize Plugging of the Principal Outlet Orifice. Presently 
the only measure is a large opening trash rack. Smaller floatable debris may by-pass 
the track rack. 

47) Evaluate Using the 24-In Opening In The Intake On the Rising Limb Of Hydrograph. 
Evaluate opening this inlet on the rising limb of hydrograph within criteria and design 
intent. This would affect both operation and maintenance and Emergency Action 
Plan procedures. 

48) Check US-60 Box Culvert. The US 60 box culvert has a gage and is incorporated as 
part of the District ALERT system. Use the information from this gage during flood 
events to assist in EAP response. 

49) Monitor Principal Spillwav Conduit. Investigate principal outlet conduit deformation 
or separation after impoundment. 

50) Document Stability Analysis. Summarize the stability analysis in Structure 
Assessment Report and locate any retests. 
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5 1) Monitor Left Abutment Swale And Downstream Dam Face And Left Abutment 
Under High Impoundment. 

52) Document Estimate Ingress Time. Document in Structures Assessment Report time 
to fill (e.g. 10-ft of head in 24 hours, 15 ft of head for 5 days). 

53) Show Right Abutment Failure Mode In True Scale. Show right abutment in true 
scale in plan and section. Monitor right abutment area during high impoundment. 

54) Evaluate Headcut Erosion. Address any headcut erosion downstream and ongoing 
maintenance. 

General Findings 

55) Make-UD of FMEA Team. The FMEA team included an individual (Mike 
Greenslade, P.E.) who provided construction inspection/observation while employed 
at the Arizona Department of Water Resources, Office of Dam Safety. His input was 
very valuable to the FMEA workshop for Casandro Wash Dam. 

56) Going Through A Failure Mode And Effect Analvsis During Initial Design Stages 
May Have Changed Several Design Elements. The FMEA, if applied during early 
design, may have changed the concept design of the abutments, drain, principal 
outlet, rip-rap and end of emergency spillway, emergency spillway, and conducted a 
formal hydrologic and hydraulics investigation for the full PMF. 

57) Construction Phase Observations and Documentation. The construction phase 
documentation was good but was lacking in some areas. It is suggested that photos 
are taken on a daily basis. On critical issues it is suggested that more than one agency 
inspect. Multiple copies of documentation should be kept with multiple agencies and 
owners (ie ADWR and FCDMC should both have copies of all construction 
documents). 

58) Energy Dissipator/Stillinrr Basin Drain Pipe. The drain pipe in the stilling basin is 
used as a relief valve for pressure. 

59) Sanitary Sewer Line is Not Pressurized. The sanitary sewer was designed for open 
channel hydraulics. No taps or tie-ins are allowed into the sewer line. 

60) Principal Outlet Size Is 36-in Diameter Reinforced Concrete Pipe. The size of the 
principal spillway conduit of 36-inches was not required for flow capacity but to meet 
jurisdictional requirements. 

3.0 POTENTIAL FAILURE MODES 

Potential failure modes identified by the FMEA team are presented below. The failure 
modes were placed into one of four categories as follows. 

Category I - Failure modes of greatest significance 
Category I1 - Failure modes of lesser significance (but not inconsequential). 
Category 111 - Failure modes for which insufficient information is presently available 
to make a judgement on the significance of the failure mode. The development of 
additional data and information is warranted. Additional records research may be 
justified. 
Category IV - Failure modes which are not physically possible or which are clearly 
not credible. 
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For each of the potential failure modes identified, a detailed failure mode description is 
provided and the factors that make the failure mode more likely (adverse factors) or less 
likely (positive factors) to occur are listed following the failure mode description. The 
primary rationale for the categorization of the potential failure mode (or adverse 
consequence) is provided. In addition, any identified potential actions for risk reduction 
for each potential failure are then provided. 

CATEGORY I - FAILURE MODES OF GREATEST SIGNIFICANCE 

I .  Potential Adverse Consequences Resulting from Emergency Spillway Discharges 
During Major Rainfall Events (Category I) .  

Potential Adverse Consequence Description: The Casandro Wash Dam emergency 
spillway is an 80 foot wide reinforced concrete chute spillway located in the middle of 
the main dam embankment. Normal flood discharges from the spillway are directed into 
a natural, shallow, ill defined wash that is bounded by development. The flows continue 
in the wash and are directed toward residential development within the Town of 
Wickenbnrg. This potential "failure mode" does not "fail" the dam or emergency 
spillway. However, any appreciable flows from the spillway would likely cause adverse 
consequences downstream from the dam. Very large flows have the potential for 
resulting in extensive damage and loss of life. This potential adverse consequence was 
rated as Category I because normal "successful" operation of the emergency spillway can 
produce discharges that could have significant adverse consequences and the likelihood 
of occurrence of these adverse consequences is associated with floods of reasonably 
probable frequency.. The floodwaters will pass through the emergency spillway. From 
that point the water will flow into residential housing communities downstream from the 
dam. 

Adverse Factors: 
(1) Emergency spillway flows are directed into residential homes downstream 

from the dam. 
% PMF discharge is approximately 3700 cfs. 
Effects are significant at relatively low frequency flows (probably before 500- 
year flow). 
Downstream channel relatively constricted (no large spread out of flow) in 
front of downstream populated area. 
72-hour or 24-hour PMF may be more critical. 
Land use is changing in upstream watershed. 
Very little warning time for discharges from emergency spillway. Advanced 
waming time is minimal. 
Very small watershed and small reservoir. Quick rainfalllrunoff response and 
quick fill time of reservoir (approximately less than one hour of fill time). 
Could disrupt downstream utilities and railroad operations. 
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Positive Factors: 
( I )  Surface flows provide some advanced warning. 
(2) Dam is instrumented as part of the District Alert System. Would provide 

minimal warning of impending inflows and discharges. 
(3) Spillway discharge exit is normal operation and straight forward. 
(4) Short spillway discharge duration for PMF. 
(5) Likelihood of spillway flows may be low. 
( 6 )  Have downstream Emergency Action Plan. EAP implemented locally by 

Town of Wickenburg. 
(7)  Storm itself would provide warning of heavy rainfall. 

Potential Actions for Risk Reduction: 
(1) Increase/improve orifice outlet capacity/capability. 
(2) Enhance waminglemergency preparedness associated with these discharges. 

CATEGORY I1 - FAILURE MODES OF LESSER (BUT NOT 
INCONSEOUENTIAL) SIGNIFICANCE 

2. Seepage Erosion through Right Abutment. (Category II - considered but not 
highlighted). 

Failure Mode Description: Initially seepage flows into the right abutment at or near the 
dadabutment as a result of a separation of the zone between the dam section and the 
blanket fill or as a result of cracks or openings that penetrate the blanket fill material. 
Seepage flows increase and flow with some appreciable velocity develops through a 
natural coarse zone or zones in the abutment. This flow in the coarse zone erodes silt or 
fine sand zones adjacent to the coarse zones and "caving" of overlying materials initiates. 
Flows increase and caving continues. Caving continues to the point of allowing an 
overtopping breach to start. Continued breaching erodes natural hillside. This mode is 
only feasible during the highest levels of flooding. Below elevation 1255 ft the seepage 
would have a longer flow path and would not be likely to develop adequate velocities to 
initiate erosion of adjacent materials. For this failure mode to get into realm of reality 
there needs to be an anomaly or unknown situation or condition within the abutment (of 
which there is no specific evidence) that is particularly adversely configured to allow the 
erosion process to develop and proceed as postulated. This mode is more likely to occur 
on the right abutment than on the left abutment because of the nature of the tie with the 
abutment and the presence of the thin blanket fill over the abutment ridge. 

Adverse Factors: 
(1) Presence of coarse, lenticular zones and fill materials in abutment. 
(2) Steep abutment cut and contact increase possibility of differential settlement, 

arching in fill, and crack formation. 
(3) Medium dense materials down to 2 0 3  to 22-ft. 
(4) Fairly direct flow path. 
(5) Materials are erosive. 
(6 )  Material relationship allows adverse juxtaposition. 

CasandraFMCAJunc2004Finalt doc 
KHA Project No 091 13 1008 

FCD Contract 2003C015 
PCN: 50.36.31 



119 Kimiey-Horn 
Ll.J'l and Assodates, Inc: 

Flood Control District 
of Maricopa County 

(7) The possibility of a crack or anomaly that could allow high seepage velocities 
to develop. 

Positive Factors: 
(1) Flow velocities near exit may be too low to move material unless a crack or 

anomaly occurs. 
(2) Low head acting at high pool elevations where material properties and 

geometric configuration is more adverse 
(3) Short impoundment duration time especially at higher depths and relatively 

longer path. 
(4) Very infrequent flood event. 
(5) Impoundment of record to elevation 1244.9-ft. 
(6) Filter keyed into abutment protects filllabutment contact. 

C:A'I'I.:C;OKY I11 - FAII.lIRE MO1)ES FOR WfIIC:H INSUFFICIENT 
INFORMATION IS PRESENTLY AVAILAIi1.E FOR lMz\KING ENGINEERING 
.IUDGMENTS 

3. Potential Failure from Embankment Overtouuinp Due TO Maior Floods -. " 
Approaching The ~ k F ~ e v e 1 .  (Category IZZ- failure modes fo; which insuffient 
information is presently available for making engineering judgments). 

Failure Mode Description: The inflow design flood for Casandro Wash Dam is the !h 
PMF. The design of the dam was based on the % PMF using HMR-49 guidelines and the 
6-hour duration storm. This failure mode was examined based on the possibility of the 
occurrence of major floods approaching the PMF and the uncertainty as to whether these 
floods can be passed by Casandro Wash Dam and Spillway under the current operating 
conditions. To address this uncertainty the hydrologic routing needs to be re-done to for 
current PMF and dam spillway conditions. The original routing for the PMF done for the 
concept design resulted in a water surface elevation at the dam at 2162.8 ft. (Which 
would indicate that the PMF could be safely passed without overtopping.) However, this 
routing was done for a different spillway crest type (ogee versus elliptical), and for a 
different spillway crest elevation (2153 ft versus 2155 ft). The design crest of dam is 
2163.5 ft and as-built top of dam crest elevation is 2163.5 ft. The actual current dam 
crest elevation is 2163.3 ft. The PMF discharge through the emergency spillway, based 
on the concept design configuration, and not the as-built configuration, is approximately 
6,800 cfs (from rating curve). The routing for the original design using the !4 PMF 
started with an empty pool and thus it was assumed that the PMF routing did as well. 
Whether or not an allowance for outlet flow was made is not known. 

Adverse Factors: 
(1) Very Small basin - much greater chance to get rainfall events that approach the 

PMP than in larger basins, also the small basin results in a quick 
rainfalllrunoff relationship which reduces the chance for advance warning and 
does not allow much time for response. 
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(2) The 16-in Orifice is likely to plug with debris. The invert elevation of the 
orifice is 2134.69 ft. and the toe of the upstream heel is listed as 2136 ft. thus it 
seems likely that the inlet could become plugged with sediment or debris from 
even moderate storms. The small amount of flow into this inlet (30 cfs with 
pool at 2155 ft.) would have little influence on the routing of a major storm; 
however the impact would come if the plugging occurred in an antecedent 
storm and the pool was not drained at the onset of the major storm. 

(3) Medium dense materials down to 20-ft to 22-ft. This is referring to materials 
in the natural ground (abutmentJgroins) which would also be subject to 
overtopping erosion 

(4) Potential for future development in upstream basin area could impact runoff 
characteristics (see #6 below) 

Positive Factors: 
(1) Rock mulch placed on upstream and downstream slopes. 
(2) Short duration of major storms (PMF) and short duration of high 

impoundment. 
(3) Freeboard for PMF approximately 0.5 ft. 
(4) Crest is level 
(5) LOMR study may indicate lower PMF pool. 
(6) No detention considered in upstream area in hydrology models. 
(7) 14-ft wide crest allows for dam raise. 
(8) Well-graded and well-compacted Zone I fill will be erosion resistant. 

4. Potential Effect of Principal Outlet Discharges on Emergency Spillway Discharges. 
(Category ZZZ - failure modes for which insufficient information is presently available 
for making engineering judgments). 

Failure Mode Description: The principal spillway was designed and constructed to 
discharge into the emergency spillway chute. If discharges or spills were to occur in the 
emergency spillway there would be simultaneous flow from the principal spillway as 
well. The documents for the design of the principal and emergency spillways did not 
analyze the effect of discharges from the principal spillway on the flow hydraulics of the 
emergency spillway. This condition may not result in a realistic concern as a potential 
failure mode of the dam or spillways but may have an adverse consequence on the 
operation of the emergency spillway, downstream and lateral extent of erosion protection, 
and required freeboard on the wing walls. 

CXI'KCORY IV - FAII.1IRE MODES \VHI(:H ARE NOT 1'HYSICAI.I.Y 
I'OSSIHJ2E O R  WHICH ,\RE NO'I' CLEARI.1' CRKI)lI~I,E 

Other Considerations: These candidate potential failure modes or other issue raised 
were discussed by the FMEA team but a potential failure mode was not identified for 
evaluation (descriptions of adverse and positive factors were not developed). The 
primary rationale as to why this issue was not carried forward are provided. 
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of Maricopa County * (1) Emergency Spillway Discharges could lead to downstream channel erosion 

behind the stilling basin wing walls beyond the riprap-protected zone, leading 
to undermining of the stilling basin walls and slab, and erosion at the 
downstream toe of the embankment adjacent to the stilling basin: The 
channel immediately downstream from the stilling basin is protected by a rip-rap 
apron that is as wide as the spillway chute (80 ft), and extends downstream from 
the cutoff wall approximately 40 ft (as scaled from plan drawings). The 
downstream toe area adjacent to the riprap apron and behind the stilling basin wing 
walls is covered with thin rock mulch, but does not have riprap protection. The 
cutoff wall in the basin is 6-ft deep. Back eddy flow is possible around the ends of 
the training walls and the unprotected area outside and behind the walls that could 
result in local scour and erosion. A drain in the bottom of the stilling basin is 
intended to enhance rapid dissipation of uplift pressures under the slab following 
flow events. The team did not carry this issue forward because it was considered 
that if erosion of the nature described were prone to occur, it would be able to be 
observed under any significant spillway discharge (i.e. at levels below the major 
flood) and be able to repaired to withstand future larger events. (Experiencing 
smaller, but still significant flood events of greater frequency are the likely 
scenario.) In the very unlikely event that the near maximum (PMF) event were to 
be the first major spill, the damage would still be considered as repairable damage 
rather than damage that would result in dam failure. * (2) Plugging of Principal Spillway Gated Orifice. Plugging of the Principal 
Spillway Gated Orifice reduces discharge capacity during flood events and 
increases likelihood of flows over the emergency spillway at lower-frequency 
floods. The principal spillway outlet structure consists of a 36-inch diameter 
reinforced concrete pipe. The inlet headwall to the pipe has an 16- inch orifice 
plate over the front of the spillway conduit. There is also a 24-inch diameter 
orifice that is gated. The gate stem is operable from the crest of the dam. The 
gated orifice is located on the crown of the 36-inch diameter spillway pipe. The 
gate may be opened in the event the lower orifice plate is plugged. The two 
orifices are protected by a trash rack. The FMEA team considers that avoiding the 
plugging is an operation /maintenance issue that should definitely be addressed for 
the reason given above as well as to ensure that the pool is drained prior to a major 
storm event. 

(3) Sanitary Sewer Penetration Under Foundation of Dam. The sanitary sewer 
provides a potential pathway for preferential seepage that leads to internal erosion 
of embankment fill and/or foundation soils surrounding the pipe, leading to 
development of a tunnel through the dam and uncontrolled release of water 
through the tunnel. A 12-in diameter ductile iron sanitary sewer pipe passes under 
the dam foundation at Station 14+59.21 (on dam centerline). The sewer is owned 
and operated by the Town of Wickenburg. The sewer was relocated as part of the 
design and construction of Casandro Wash Dam. A review of the as-built plan 
indicates that the chimney drain extends all around the sanitary sewer pipe, serving 
as a filter diaphragm. Upstream and downstream from the filter, the pipe is 
encased in concrete slurry from just upstream of the dam to the downstream 
sanitary manhole at the downstream toe of the dam. The pipe is founded in the 
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native, cemented soils except from Sta 10+30 to lot90 (on the sewer-line), where 
the pipe invert was above grade. Special details were developed in the field to 
form the concrete pipe encasement through this reach, and to construct the fill 
around the pipe to ensure good compaction against the formed concrete. Several 
sanitary manholes are located in the pool area. These manholes have been 
designed as watertight manholes. 

(4) Settlement And Elongation Of The Principal Spillway. The principal spillway 
conduit foundation could lead to disruption ofjoints in the pipe and leakage 
through the joints when the pipe is flowing full during flood events. The spillway 
conduit extends through the embankment fill and is founded in fill material. The 
FMEA teamed noted that differential settlement may occur and cause deformation 
in the spillway conduit. The potential for embankment settlement causing 
elongation and disruption of the pipe is mitigated by the low height of the dam, the 
relatively firm foundation, and very low probability for saturation of the fill. 
There has been no evidence to date specifically on the pipeline conduit that would 
indicate deformation in the pipeline. There appears no need to modify the District 
video inspection cycle for Casandro for once every 5 years. 

(5) Slope Stability Analysis. The existing slope stability analyses are not 
representative of materials used to construct the dam. During construction the 
Zone I materials were found to have different characteristics than those assumed 
for design. The design had assumed Zone I would be a silty sand with less than 10 
percent non-plastic fines. As-constructed, Zone I had 10 to 24 percent medium 
plasticity clayey fines. In a report by Ricker, Atkinson, and McBee (RAM) dated 
November 18, 1996, it was stated that the Zone I materials produced on site had a 
"somewhat higher shear strength and lower coefficient of permeability" and 
therefore the dam was expected to have higher factors of safety for slope stability 
(apparently the slope stability was "re-evaluated by RAM by not "re-done") and 
lower volumes of seepage than was anticipated in design. From review of 
documentation, the FMEA team found high strength soils in the foundation and 
there is no evidence of slumps, slips, or slides. A review of the stability analysis 
performed by CH2M Hill for final design based on the silty sand Zone I materials 
indicates adequate factors of safety. The downstream slope inclination was 
controlled to a relatively flat embankment slope (3H:lV), not by stability 
considerations, but rather to accommodate the emergency spillway design and 
construction. Although slope stability is not considered to be a problem, the 
factors of safety should be re-calculated and documented using shear strength 
assumptions that more closely represent the Zone I materials actually used to 
construct the dam. 

(6) Seepage Erosion Along Spillway Wall. Construction photos indicated the 
spillway was constructed by cutting into the compacted embankment crest. A 
question was raised by the FMEA team regarding the sloughing of materials on the 
steep cut slopes in the embankment, especially through the granular Zone I1 
section, and the ability to re-compact the sloughed embankment and backfill 
materials in the narrow backfill zone behind the spillway walls through the crest. 
The on-site inspector (Mike Greenslade - a member of the FMEA team) did not 
note any problems with backfilling or maintaining the integrity of the Zone I1 
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gradation in the backfill zone. The spillway wing walls are protected by Zone I1 
materials. The filter material (Zone 11) provides a defense against seepage erosion. 
Therefore no viable potential failure mode was identified. 

(7) Cracks In Embankment. Crack(s) exists in the dam prior to flood or develops at 
the onset of the flood - seepage fills the crack and the flow velocity 
erodeslexpands the crack leading to a breach (root cause - Zone I1 Filter Does Not 
Extend to Dam Crest). The chimney drainlfilter provides a defense against 
embankment cracking up to elevation 2160 ft, which is the maximum water 
surface elevation for the IDF. No potential failure mode identified. This candidate 
mode was not carried further because: (1) even for flood waters that rise to just 
below the dam crest it is highly likely that the free water surface in a crack would 
drop to the level of the filter protection by the time it traversed to that point in the 
cross section (see major finding 6) and thus the filterldrain offers 
fundamentalldirect protection against this potential failure mode; and (2) for floods 
that rise above the spillway crest elevation there is inadequate time for seepage 
erosion to expand the crack to form a breach before the reservoir is drawn down by 
spillway flows; and (3) there is currently no evidence of transverse cracking on 
this dam, and its short crest length is a mitigating factor against cracking. 

(8) Left Abutment End Around Seepage Erosion Leading to Breach. During high 
impoundment events, water seeps through the left abutment, along preferential 
seepage paths through coarse lenses or pre-existing cracks, and internal erosion 
develops as the seepage emerges on the downstream groin and the erodible 
materials begin to pipe out. Observations of exposed native materials in the left 
abutment area indicated that the surficial materials are highly erodible and exhibit 
significant erosion gullies and holes. The geological exploration reports indicated 
the abutment is comprised of graded terrace deposits comprised of 30 to 40 feet of 
loose to medium dense sand and silty sand, with possible fill placed on top. The 
FMEA team found no specific evidence for a seepage erosion failure mode or a 
potential problem. There is a very long path for a seepage erosion failure mode to 
occur. Seepage ingress may be rapid at the beginning of filling the pool with a 
steep gradient, but the gradient flattens out fairly rapidly. The filter pushes the 
path to start any seepage erosion to the end of the dam. Construction activities 
chased down a hard zone to the foundation cutoff. The duration of impoundment 
is very short and not long enough for this failure mode to develop. Based on a 
description of the material, the short duration of flooding, the evident diligence of 
the construction and the inspection of the construction, the team considered this 
mode too remote to be credible. The action called for relative to this candidate 
mode is to regularly visually monitor the left abutment between the end of the dam 
and the end of the abutment for any seepage and for any settlement. 

4.0 LIKELIHOOD AND CONSEQUENCE CATEGORIES 

The likelihood of occurrence of each identified failure mode has been assigned to one of 
three categories according to the FMEA team professional judgment. This adopts a 
subjective, degree-of-belief approach to the expression of uncertainty, as opposed to 
relative-frequency statistics of observed occurrences. These likelihood judgments 
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a express degrees of uncertainty but are not quantified in the probability matrix. They 
recognize simply that the occurrence of some failure modes is believed to be more likely 
than others for this particular dam. This relative measure of likelihood is contained in the 
categories defined in Table 1. 

Table 1. Likelihood Categories. - - . - . . . - - -. - - . . .. . 
. . . . . . . - 

Highcst . . . . . - likelihood . of occurrence for Cnsandro Wash T>nm . -. 

. . . . . . . . . . - .. .. .- -. .- Intemiediate likeiihood of occurrence ti,r ('asnntlro Wash 
I Low I Lowest likelihood of occurrence for Casandro Wash Dam 

In assigning likelihoods during the FMEA workshop, failure modes representative of the 
most likely and the least likely categories were evaluated. 

Consequence categories follow along similar lines as likelihood categories in reflecting 
the relative severity of failure effects specific to the dam. The actual magnitude of the 
downstream consequences depends on such factors as economic losses, population at 
risk, and the effectiveness of the warning and evacuation. These were not evaluated 

a directly for the FMEA. This relative measure of consequence is contained in the 
categories defined in Table 2. 

Table 2. Consequence Categories 
.- 1 Category 1 ... Description - . - . - .-- --x - .- 

High I Highest inundation effects for Casandro Wash Dam 
Medium I Intermediate inundation effects for Casandro Wash 

I Dam 
Low ( Lowest inundation effects for Casandro Wash Dam 

5.0 FAILURE MODE AND EFFECTS TABLE 

Construction of the Failure Mode and Effects Table (Table 3) summarizes the failure 
modes identified and evaluated in the FMEA workshop by the workshop FMEA team. 
The columns contain the following elements from left to right: 

Failure Mode -identifies the primary failure mechanism 
Initiating Condition - condition(s) giving rise to initiation of the failure 
modeisequence 
Effects - distinguishes dam breach and spillway discharge failure types 
Likelihood - likelihood category form Table 1 
Consequences - consequence category from Table 2 
Information Needs -summary of important additional information that 
could support or modify the failure mode assessment provided 
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Existing Risk Reduction Factors - conditions or measures in place that 
have acted to reduce likelihood and/or consequences assigned 
Potential Risk Reduction Measures - action, studies, or features that might 
reduce the assigned likelihood andlor consequences 
Comments - supplemental remarks 
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Table 3. Summary of Failure Mode and Effects Analysis 
Casandro Wash Dam 

Maricopa County, Arizona 
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0 6.0 FAILURE MODE BINNING 

While the FMEA table contains the likelihood and consequence attributes of risk, it does 
not portray risk as such. Binning extends the FMEA to the final step of separating failure 
modes into rank-ordered groupings according to their respective relative risks. It is 
convenient to bin failure modes into a two-dimensional array as shown in Table 4, where 
each failure mode falls into a discrete region of risk space according to its particular 
likelihood and consequence attributes. 

Table 4. Failure Mode Binning for Casandro Wash Dam 
(Numbers refer to failure mode identification numbers in Table 3 and 

shaded region represents comparatively greater risk) 

Consequences 

In the format of Table 4, risk increases to the upper left of the array and decreases to the 
lower right. Thus the shaded region of Table 4 contains any failure modes of generally 
greater risk. Note that Table 4 indicates a portion of failure mode 1 is directly within the 
shaded region. Failure Mode 1 (adverse consequences related to normal spillway 
discharge) is depicted as ranging from low likelihood, high consequences (for the PMF 
event) to high likelihood, medium consequences (for the 100-year event). The range for 
failure mode 1 spans the medium likelihood, medium consequence of the shaded risk 
region. The determination of failure mode 1 falling within this block of the shaded 
region is dependent on the storm frequency, magnitude, and downstream consequences. 
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0 
7.0 SUMMARY AND CONCLUSIONS 

Casandro Wash Dam was constructed pursuant to a relatively modern dam design. 
Construction appears to have been without any particular issues. The dam has performed 
normally and satisfactorily for 8 years. The structure is satisfactorily maintained and 
monitored. 

However, it is prudent to recognize that there exist for all dams specific ways that failure 
could come about that warrant attention and diligent monitoring. The identification of a 
condition or process as a "potential failure mode" does not imply that the dam is about to 
fail or even necessarily that there is a dam safety deficiency at the site. Rather it 
identifies physically possible conditions or processes (generally with a remote but still 
credible chance of occurrence) that persons associated with owning, inspecting, analyzing 
and operating the dam should be aware. Some of the potential failure modes are 
highlighted (or prioritized) for attention of the dam owners and operators. They are 
highlighted because the specific conditions at the dam and appurtenant strnctures are such 
that these failure modes are physically possible and are considered the most realistic and 
most credible potential failure modes definable at the site. 

One Category I potential failure modes was identified by the FMEA team. The Category 
I failure mode is related to adverse consequences from normal operations of the 
emergency spillway during major flood events. The length of time the spillway flows is 
of short duration (a few hours). However, there are residential structures downstream of 
the emergency spillway and there is no defined downstream channel. There are a 
considerable number of people and structures at risk in the flow path in the event of a 
spillway discharge. 

A number of ootential risk reduction actions were identified bv the team related to 
monitoring, information collection and documentation and modification of operations. 
These are all identified in the section on Major Findings and Understandings. 

CASANDRO WASH DAM APPENDIX - FMEA REFERENCE MATERIALS 
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SKUNK CREEK NEAR NEW RIVER -- FCD ID# 5583 

CASANDRO DAM 

FCD GAGE ID# 7132,7133 

STATION DESCRIPTION 

LOCATION - Casandro Dam is located west of downtown Wickenburg, Arizona just north of 
US 60 behind the bowling alley. Latitude 33 57 57. Longitude 112 45 01. The gage is located 
in SE114 NW114 S11 T7N R5W of the Wickenburg 7.5-minute USGS quad map. 

ESTABLISHMENT - The gage was installed on Aug. 14, 1996 shortly following the completion 
of the dam. 

DRAINAGE AREA- The drainage area at the dam is 1.24 square miles. 

GAGE-- The gage is a pressure transducer type instrument. As of May 13, 1998 the 
instrument was a Druck PT. 

HISTORY-- No previous gage at this location. Datum was changed for Water Year 1998 to 
better match the 0 & M black and white staff gages on the dam. These staff gages are more 
closely set to 0.0 ft as the ground at the inlet rather than the inlet invert. The inlet invert was 
used from the original installation to the end of Water Year 1997 as the 0.0 ft gage height as 
no staff qaqes were installed when the initial installat~on was done. The Dressure transducer 
was repkcid on January 5, 2000. The new device calibration is 10.24 increments per foot. * REFERENCE MARKS - 

RM 1 is a FCD brass cap near the top of the right bank of the emergency spillway at gage 
height 29.04 ft (levels of 5/19/98) stamped as elevation 2163.73 ft. 

RP 1 is the SW corner of the top of the inlet headwall at a gage height of 8.02 ft (2142.71 ft) 
(levels of 511 9/98). 

GAGE ELEVATIONS-- The PT is at 0.19 ft (2134.88 ft). The staff gages read as follows: 
(based on levels performed May 19, 1998) 

0 - 5 ft staff --- Staff 5.0 ft = 4.93 ft gage height 

5 - 10,ft staff --- Staff 10.0 ft = 10.02 ft gage height 

10 - 15 ft staff --- Staff 15.0 ft = 14.93 ft gage height 

15 - 20 ft staff --- Staff 20.0 ft = 19.98 ft gage height 

20 - 25 ft staff ---Staff 25.0 ft = 25.04 ft gage height 

The gage height 0.0 ft (2134.69 ft) is taken as the concrete pad immediately in front of 
(upstream of) the inlet opening. The inlet invert is at 0.25 ft (2134.94) gage height. 

CMNNEL AND CONTROL-- The primary outlet for the dam is a 36-inch diameter culvert with 
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two inlets. The auxiliary outlet is a spillway located in the center crest of the dam. Control for 
flows below about 20.25 feet gage height is culvert flow. Above 20.25 feet gage height, 
spillway flows begin. 

PRIMARY I AUXILIA-RY OUTLET 

The primary outlet is a 36" pipe which has a 16" diameter restricted ungated opening. A 
secondary auxiliary orifice with a 24" square opening is not considered in the stage-discharge 
relationship used in the ALERT system for this station. The ungated opening is at an elevation 
of 0.25 ft gage height. 

The auxiliary spillway begins to overflow at 20.25 ftgage height (2155.0 ft -- from design 
plans). The spillway is an 80 ft wide concrete structure with an elliptical crest and a spillway 
chute slope of 3.1. The top of the dam is at 28.75 ft gage height (2163.5 ft -- from design 
plans). 

RATING-- Current rating is rating #2. Rating #2 was created to account for a datum 
discrepancy. Rating #Iwas computed using design information. Both the principle and 
emergency spillway stage-discharge ratings are based upon the design calculations provided 
by M. A. Lopez and the Design Plan Sheets. 

The current capacity rating is rating #2. As for the discharge rating, rating #2 was created to 
account for datum discrepancy between original design and actual conditions. Rating # I  was 
from the design information. The stage-storage rating curve was also taken from the Design 
Sheets. The As-Built sheets show no changes to the design curves. 

DIECHARGE MEASUREME.N.TS-- Wading measurements could probably be made not far 
downstream for outflows. However, these outflows are relatively small (30 cfs at about 20 ft 
gage height). Direct measurements of spillway flows are not recommended. 

F L O m - -  Sept. 10-1 1, 1996 maximum impoundment 6.1 ft, 23.5 ac-ft, 16.4 % full; Sept. 26, 
1997 maximum impoundment 11.55 ft, 65 ac-ft, 45.5 % full (stages for both events given in 
new datum (i.e. inlet rnvert = 0.25 ft); August 31, 1999 maximum impoundment 6.47 feet, 24.6 
ac-ft, 17% full. 

REGULATION-- The dam regulates flows in Casandro Wash. 

DIVERSIONS-- None 

J-USTIFICATION-- Monitor FDCMC's Casandro Dam and provide data for flood response 
activities at the Town of Wickenburg. 

UPDATE January 6,2000 .- 

DE Gardner 
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KENNETH M. EUGE, R.G. 

Memorandum May 4,2004 

To: Mr. Robert Eichinger, P.E. 
Kimley-Horn & Associates Inc. 

From: Ken Euge, R.G. 
Principal Geologist 

Subject: Geological Input to Structures Assessment Reports 
Casandro Wash Dam, Wickenburg, Maricopa County, Arizona 
Work Order No. 1 
FCDMC Contract No. 2003C015 
Geological Consultants Project No. 2003-161 (CWD) 

In response to your request, submitted herewith are the input sections, including geology, 
seismicity, and ground subsidence, for the Casandro Wash Dam structures assessment report. We 
have not numbered the report sections for the Structures Assessment Report. However, please 

a edit as appropriate to conform to your report format, 

Casandro Wash Dam 

Geologic Setting 

Casandro Wash Dam is located in hilly terrain within the northeast-central portion of the Sonoran 
Desert section of the Basin and Range Physiographic Province near its boundary with the Arizona 
Transition Zone Section. The latitude and longitude of the center part of the structure is 
approximately 3 3 O  58' 04" N and 112" 44' 54" W based on NAD 27 datum. This portion of the 
Basin and Range is characterized by broad alluvial fans that are locally dissected and gently 
sloping connected valleys bounded by high, rugged northwest, north, and northeast trending 
mountains including the Date Creek and Weaver Mountains to the north, the Vulture Mountains 
to the south and the Wickenburg Mountains to the east that rise abruptly to form broad, 
elongated, deep, sediment-filled valleys produced by block faulting and folding during past 
episodes of mountainhasin bounding fault movements (Cooley, 1977). The Dam, which is astride 
Casandro Wash north of the U.S. Highway 60 alignment, is within the town limits of Wickenburg, 
Arizona off the northeastern flank of the Vulture Mountains in the southeast quarter of Section 
11 ,  Township 7 North, Range 5 West (Figure 1, Site Location Map). 
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Mr. Robert Eichinger, P.E. 

No comprehensive geological evaluation of the Casandro Wash Dam site was conducted as part 
of the dam site design investigation. No geologic map was found in the project documentation. 
However, a geotechnical investigatioq consisting of soil boring and test pits was conducted in 
1994 (CH2M W, 1995). 

A general geologic map of the dam site area was prepared by Geological Consultants Inc. (GCI) 
as part of the structures assessment program. A geologic map (Figure 2) was compiled from a 
published geologic map (Grubensky et al, 1987) that was modijied with geological reconnaissance 
data gathered by GCI during the site visit conducted February 25,2004. The geologic 
descriptions provided in this memorandum are excerpted from the geotechnical report (CH2M 
Hi& 1995) and supplemented with geological observations made during the site visit by GCI. 

According the Geotechnical Report (CH2M Hi& 1995), it was implied that the geology of the 
Casandro Wash Dam was similar to the geology of the Sunset FRS and Sunuycove FRS dam 
sites. However, this was not con6rmed at that time. Based on the observations made during the 
February 2004 site visit, the geology can be generally described as unconsolidated Tertiary age 
alluvial t ancc  deposits and fanglomerate exposed in the low bluffs surrounding the dam (Photo 
1) and reservoit; Quaternary age stream channel deposits are found within Casandro Wash and its 
tributaries. Residual soils locally cover the tops of the bluffs and slope wash colluvium mantle 
portions of the bounding slopes. 

Photo 1: View looking downstream fromleft abutment. Low bluffs to upper left of view incluc 
unconsolidated alluvial terrace deposits; low bluffs to extreme right of view underlain by 
fanglomerate capped by allwid terrace deposits. Reservoir pool area right center of view. 
Emergency spillway upper center of view. 
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A review of the as-built reports and examination of the reservoir slopes upstream from the right 
abutment during the February 2004 site visit indicate the right abutment is composed of Tertiary 
age fanglomerate. The same unit is exposed at the Sunset FRS and Sunnycove FRS sites located 
about one-half mile and one mile, respectively, to the southeast fiom Cansandro Dam. Tertiary 
age fanglomerate which is generally moderately to well cemented. The fanglomerate is dark 
yellow brown to brown, s i i  poorly sorted gravelly sand and sandy gravel. The course-grained 
angular to subangular fragments are predominantly clasts of td, basalt, andesite and rhyolite with 
minor amounts of granitic and metamorphic rock fragments. The unit is structurally massive and 
it is moderately to well stratified. These deposits underlie a thin mantle of recent alluvium in the 
stream floodplain. The fanglomerate is not exposed in the left abutment area nor is it exposed in 
the reservoir slopes on the north side of the impoundment area. 

The geology of the left 
abutment includes nearly 
flat-lying strata composed 
of interbedded layers of 
poorly to moderately 
consolidated gravelly 
sand, sand, s i i  sand and 
Sit (Photo 2). These 
deposits appear to be 
typical of the alluvial fan 
terrace deposits found 
throughout the 
Wickenburg area. These 
deposits are light brown 
to moderate orange 
brown to buff. Individual Photo 2: Uwnsolidated alluvial terrace deposits exposed in road cut 
units are generally parallel to FCDMC easement north of the east-west dam 
massive with the her -  embankment section. 
grained silty sand, sandy 
silt and siit being moderately consolidated as well as slightly cemented to non-cemented and 
porous throughout. The he-grained soils appear to have a moderate dry strength while the 
gravelly sand and sand range from moderately dense to loose. The centerline alignment of the 
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dam was modified to avoid unconsolidated, layered soil units and the apparently high permeability 
strata exposed in the original left abutment area. 

Structurally, the strata underlying the Casandro Wash Dam are believed to nearly flat lying or 
tilted at a very low angle to dip toward the northeast similar to the deposits exposed in the Sunset 
FRS and Sunnycove FRS sites. No structural discontinuities such as faults, joints, or fractures 
were observed in the limited exposures of the formation this site nor are any reported in the dam 
investigation documentation. 

Groundwater 

No groundwater was encountered in any of the test holes or exploratory excavations made during 
the site subsurface investigation (CH2M Hill, 1995). A review of ADWR groundwater data by 
CH2M Hill (1995) listed groundwater in the dam site area at elevation between 2017 and 2052 ir 
about 11 1 feet to 146 feet below dam crest elevation (2163.5 feet) 

a Geology and Soils of the Dam and Principal Spillway 

Casandro Wash Dam leR and right abutments are founded on loose to dense, weakly to 
moderately cemented alluvial terrace deposits and fanglomerate, respectively. The relationship of 
the alluvial terrace deposits and fanglomerate contact was defined base on a review of the drill 
hole logs and Figure (CH2M Hill Drawing, Dam Centerline Profile STA 9+97-Sta 17+00, 
Sheet 5 of 34). The foundation excavation, including the 12-foot wide and 2-foot deep cutoff 
trench, between Station 10+00 and Station 12+30 is excavated into the unconsolidated alluvial fan 
terrace deposits. Beginning at Station 12+30 to and including the right abutment, the foundation 
excavation is in the fanglomerate. From Station 10+00 to 12+10, the chimney drain trench is 
excavated into the alluvial terrace deposits. The chimney drain trench is excavated into the 
fanglomerate from about Station 12+10 to the right abutment. 

The fanglomerate materials were very hard to drill and had standard penetration test blow count 
values of greater than 100 blows per foot. Based on our review of boring logs, the depth to the 
alluvial terrace deposit and fanglomerate boundary is reasonably uniform along the dam centerline 
from Station 9+97 to about Stationl4MO. The contact bounda~y ranges from about 40 feet 

e below original ground surface in the left abutment area (Boring B-1 and B-2) to about 15 feet 
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below original ground surface near the center of the dam alignment (Borings B-6 and B-7). In the 
right abutment area the contact boundary rises to about 10 to 25 feet below original ground 
surface with a rise in the right abutment original topography. . . -- - .-- . 
Young alluvial terrace deposits are found 
throughout the lee abutment area where the 
younger deposits consist of stratiiied tmace 
alluvium composed of poorly graded, 
gravelly, fine to coarsegrained sand with silt 
and clay (SM, SC, SM-SC), well-graded sand 
with silt (Sw-Sm), poorly graded gravel with 
sand and clay (GP-GC), sandy silt (ML), and 
clay (CL) (Photo 3). Because of the poorly 
consolidated material exposed in the original 
abutment area, the dam centerline alignment 
curved to the west and modified in an attempt 
to place the foundation excavation in better 
material. However, the abutment of the dam 
was founded on the alluvial terrace deposits 
as no fmglomerate was exposed at foundation 
grades. 

Floodplain deposits, including stratified and 
lenticular alluvial deposits, are composed of 
clean well-graded sand (SW) and poorly 
graded sand with gravel (SP) to s i i  sand 
(SM) with up to 25 percent gravel (Photo 4). 
Lenses of poorly graded gravel (GP) and 
cobble size rock fragments are present locally. 
deposits, they are not expected to be laterally ( 
fiom two to twelve feet below grade and unco 
terrace deposits. 

Because of the lenticular character of these 
xtensive. These deposits extend to depths ranging 
nformably overly the variably cemented alluvial 
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The Principal Spillway crosses : 1 1  
1 ",'i 

the dam alignment at a skewed I I .  

angle to the dam centerline at 
about 15 degrees off the 
perpendicular. The principal 
spillway crosses at dam 

iii 
centerline station 14M0.75. 
According to Figure 4 (CH2M 
W Drawing, Outlet Pipe Plan & 
Profile, Sheet 7 of 34), the 
Principal Spillway inlet structure, 
and outlet pipe are founded in 
the embankment fill. 

Photo 4: View looking upstream toward dam. Poorly sorted, 
coarsegraiaed channel deposits exposed in headward erosion 

a cut in stream channel alluvium. 

I 
Emergency Spillway 

! I A concrete lined emergency 
spillway is constructed on th 

I 
: 1 1 Casandro Wash Dam. The 

centerline of the emergency 
1 ' ;  ;, 1 spillway crosses the embankment 
, ! 
4 I i dam centerline at about Station 
, .  13+60. The spillway control ' 1 section is founded in the Zone 1 : 

! embankment fill. The section of 

i '  the s@iiway shoot'and stilling 
i .  basii are also founded on Zone I 

; fill; The riprap Photo 5: Emergency spillway looking upstream. Stone riprap 

1 founded on prepared floodplain covered with gravel. . , , . . ,  , * 
! deposit soils (Photo 5). . . ii a ' t ''.I I 

. t 
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Site Investigation 

Flood Control District of Maricopa County (FCDMC) contracted with CH2M Hill to conduct a 
geotechnical and design investigation for the Casandro Wash Dam. The investigation was 
completed by CH2M Hill in 1995. The CH2M Hill initiated and completed its dam site 
investigation in January 1994. Although no geological characterization of the site was completed, 
the geotechnical investigation use several techniques including: auger drilling, and backhoe 
trenching. I d o w  permeability tests were made along the dam centerline. Test pit and drill hole 
location are depicted on Figure 5 (CH2M Hill Drawing: Site Layout, Survey Control, Sheet 3 of 
34). Selected explorations are also depicted along the dam centerline in Figure 3 (CH2M Hill 
Drawing: Dam Centerline Profile Sta 9+97-17+00, Sheet 5 of 34). A summary of the 
explorations is provided in the following table. 

Table 1. Summary of Geotechnical Testing 
Casandro Wash Dam 

The application for construction was approved by the Arizona Department of Water Resources 
Flood Warning and Dam Safety Division in December 1995. 

Seismicity 

A seismicity assessment was conducted as part of the Casandro Wash Dam design analysis 
(CHZM Hill, 1995b). Seventeen earthquakes, ranging from magnitude 2.5 to 4.9 were recorded 

0 
7 
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within a 150-kilometer radius of the site. No earthquake event was closer that 70 kilometers to 
the site. Based on the CH2M Hill review of seismic design criteria from various source including 
U.S. Bureau of Reclamation, SCS Technical Release No. 60, Applied Technology Council, 
FEMA and the Uniform Building Code, 0.1 g was selected as a "reasonably conservative" peak 
design acceleration. 

No deterministic or probabilistic seismicity evaluation was conducted for the design of Casandro 
Wash Dam based on a review of the project files. However, a seismicity evaluation for all of the 
FCDMC dam structures was conducted in 2002. The report entitled "Seismic Exposure 
Evaluation, Dam Safety Program, Flood Control District of Maricopa County" describes the 
various seismotectonic zones, fault zones, design earthquake, and characteristic ground motion 
affecting FCDMC structures (AMEC, 2002). 

Casandro Wash Dam is situated within the Southern Basin and Range (SBR) Source Zone as 
defined by AMEC (2002), which includes the Sonoran Seismic Source Zone defined by ADOT 

@ 
(1992). The SRB source zone appears to be tectonically quiescent, with a low level of seismicity 
and few neotectonic faults that would be considered active or potentially active sources of 
earthquakes (Bausch and Brumbaugh, 1994; ADOT, 1992). The largest historic earthquake 
within this zone was a magnitude 5.0 that occurred in the southern part of the source zone in 
1965. Only a few minor faults occur in the SBR (AMEC, 2002; ADOT, 1992). Earthquake 
epicenters and Quaternary faults are shown in Figure 3 of the AMEC (2002) report. 

The deterministic and probabilistic analysis of seismic hazard affecting the Casandro Wash Dam 
area was conducted by AMEC (2002) to establish seismic attenuation relationships and the 
maximum probable earthquake. The closest Quaternary age fault is the Sand Tank Fault located 
about 77 miles south of the site. According to AMEC (2002) the maximum credible earthquakes 
for this fault source ranges between M6.2 and M6.6. The background earthquake, which is 
estimated to have a higher maximum magnitude of M7.2, was applied to the regression 
relationship to derive the horizontal ground acceleration. The recommended peak ground 
acceleration calculated for the Casandro Wash Dam area, based on the background seismic 
source, is 0.10 g (10 percent of gravitational acceleration) (AMEC, 2002), which is the same 
design value selected by CH2M Hill. 
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Land Subsidence 

Land subsidence is known to occur in alluvium-filled valleys of Arizona where agricultural 
activities and urban development have caused substantial over-drafting or removal of groundwater 
from thick basin aquifers. The magnitude of subsidence is directly related to the subsurface 
geology, the thickness and compressibility of the alluvial sediments deposited in the valleys, and 
the net groundwater decline. However, in the Wickenburg area, there is no documented evidence 
of excessive groundwater withdrawal nor land subsidence. 

No unconsolidated, compressible basin fill soils are believed to be present beneath the Casandro 
Wash Dam. The subsurface geological conditions in the embankment dam area (Figures 3), 
consists of relatively hard, cemented Tertiary age fanglomerate and in the subsurface deposited on 
crystalline bedrock indicate the potential for land subsidence due to groundwater withdrawal does 
not exist at the Casandro Wash Dam site. 

According to Staedicke (1995), because there is no history of extensive groundwater pumping or 
subsidence, the NRCS (formerly the SCS) has never surveyed the Casandro Wash Dam structure. 
Although land subsidence is not expected to affect the Casandro Wash Dam, we recommend the 
structure be surveyed periodically (say at 5-year intervals). The data should be compiled in the 
FCDMC structures subsidence monitoring program 

Earth Fissures 

No earth fissures, related to land subsidence, are documented nor reported as occurring within the 
Casandro Wash Dam project area. Geological conditions in the Casandro Wash Dam area 
preclude the development of earth fissures at this site. 
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0 Geotechnical Memorandum - Phase I Structures Assessment Pa& 

1.0 REVIEW O F  PREVIOUS GEOTECHNICAL DOCUMENTATION 

A comprehensive review of existing geotechnical reports was performed. The following are the 
key documents that were reviewed (reference citations are listed at the end of this 
memorandum): 

Casandro Wash Detention Dam - Geotechnical Report (CH2M Hill, 1995a) 
o Volume 1 Field and Laboratory Data 
o Volume 2 Analysis and Recommendation 

Casandro Wash Dam - Final Design Report (Section 3 Geotechnical Investigation, 
Section 6 Concept Design Recommendations) (CH2M Hill, 1995b) 
Responses to ADWR review comments on Geotechnical Report and Design Report 
(October, 1995) 
Summary Report (of construction) by Geotechnical Engineer of Record (RAM, 1996) 
Miscellaneous correspondence, memoranda, and photos from ADWR inspectors during 
construction period (ADWR, 1996) 
Construction Plans and Specifications, Contract FCD 95-02, Casandro Wash Dam in the 
Town of Wickenberg (CH2M Hill, 1995c) 

The following sections provide a discussion of findings from that review 

1.1 Foundation Conditions 

@ CH2M Hill's Geotechnical Repon (199%) described the foundation soils in the main channel 
section as alluvial deposits overlying dense, carbonate-cemented sands and gravels. The 
surficial, uncemented soils were characterized as gravelly, well-graded sands with varying 
amounts of silt or clay. The upper soil layer was further described in the Geotechnical Report as 
dry, medium-dense to dense sands, with approximately 10 to 15 percent gravel and less than 10 
percent low plasticity fines. The upper layer varied in thickness from 5 to 12 feet within the 
basin area, and 16 to greater than 20 feet in the dam foundation. The materials underlying the 
upper soil layer were characterized as more gravelly, very dense or cemented, and containing 
fewer fines. 

The abutments were described in the Geotechnical Report (CH2M Hill, 1995a) as graded 
terraces, which had been leveled at the tops of the slopes to construct pads for structures. Loose 
fill had been dumped over the top edge of both abutment slopes to extend the leveling pads. The 
ends of the terraces were described as loose to medium dense silty sand and sand fill. 

The Design Report (CH2M Hill, 1995b) recommended complete removal of the surficial 
materials to typical depths up to 12 feet within the dam footprint to found the dam on the very 
dense or cemented materials. It was recommended that keyway excavations extend into the 
abutments an estimated 15 to 30 feet into the slopes to found the embankment fill on native 
cemented materials. The abutment slopes were specified to be no steeper than 1H: 1V. 

During construction, the depth of excavation was extended in the left abutment between about 
Stations 9+90 and 12+05, in an area that contained deep lenses of uncemented, relatively clean, 
pervious materials. Excavation of these materials to "firm, acceptable" materials was conducted 

@ Gnnnett Fleming 



Casandro Wash Dam 
Geotechnical Memorandum - Phase I Structures Assessment Page 2 

under field direction. Between Stations 11+00 and 11+35 cemented materials were reached 
within the chimney drain trench excavation, which extends below the central keyway. 

1.2 Embankment Materials 

A typical cross section of Casandro Dam is shown as Figure 1. The design consists of a 
homogeneous embankment (Zone 1) and 4-foot wide, central vertical chimney filterldrain (Zone 
2). The vertical filterldrain extends 6 feet into the foundation below the base of the fill in the 
keyway, and is interconnected to four finger drain outlets (Zone 2) that daylight at the 
downstream toe. 

The Zone 1 and Zone 2 materials assumptions that were the basis for the design were derived 
from the original field and laboratory investigation (CH2M Hill, 1995a). The laboratory test 
results from the original field investigations are provided on Table 3-2 Summary Table, from 
Addendum 2 of the Final Design Report (CH2M Hill, 1995b). A copy of this summary table is 
provided as an attachment to this memo. A total of 40 samples were collected from 21 test pits 
and 13 soil borings in the dam foundation and upstream impoundment areas. 

The following tests were performed on representative samples: 

2 - Atterberg limits tests, 
24 - sieve analyses, 
2 - specific gravity tests 
6 - standard Proctor compaction tests 
6 - direct shear tests, 
2 - triaxial shear tests, and 
10 - laboratory permeability tests on compacted samples. 

The attached Table 3-2 shows USCS classifications for each of 40 samples. Of the 40 samples 
reported, 25 of them classified as well-graded sand (SW), silty sand (SM), or dual classification 
(SW-SM). Based on the few number of Atterberg limits tests that were performed, we assume 
that most of the classifications shown are based on field observation, and are not based on 
laboratory testing and classification of the fines fraction. The % fines of the 24 samples tested 
ranged from 2.7% to 25.6% with an average value of 8.3%. Only 6 of the 24 samples tested 
contained more than 10% fines. Atterberg limits from two samples tested gave liquid limit 
values of 27% and 33% and plasticity indices of 6% and 12%. 

The embankment section, including the vertical chimney drain, was designed based on the 
results presented in the attached Table 3-2. The Zone 1 materials were assumed to be comprised 
predominantly of gravelly sands with less than 10 perceut silty fines. The designers included a 
substantial, pervious chimney drain in their design to control the anticipated high quantities of 
seepage through the Zone 1. The drain material (Zone 2) was specified to consist of clean 
granular material with a permeability of 1 footlmin (0.5 cmlsec) (CH2M Hill, 1995~). Filter 
compatibility for Zone 2 with Zone 1 base soil was a consideration in the drain material design, 
but the designers considered drainage, not filter protection, as the primary function of the 

0 chimney drain. 
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Table 1 summarizes test results from the construction-phase testing, which are assumed to be 
representative of the actual in-place constructed Zone 1 materials. Testing results on the Zone 1 
materials throughout the remainder of dam construction indicated similar results as shown on 
Table 1 (RAM, 1996). 

Table 1 Summary of Representative Laboratory Test Results From Construction Phase 
Stockpile Samples of Zone I* 

*These samples were tested by Ricker Atkinson McBee & Assoc. in January, 1996 

It is evident based on review of the design assumptions, original field and laboratory 
investigation results, and construction records, that the materials used to construct the dam are 
moderately different from the materials that were the basis for design and construction 
specifications. Actual Zoue 1 materials used in construction were silty or clayey gravelly sands 
with between 10 and 24 percent, low plasticity fines, as summarized on Table 1 (RAM, 1996). 
The designers had assumed Zone I materials would be predominantly sands with less than 10% 
silty fines, as shown on the attached design report Table 3-2. As a consequence, the results of 
seepage analyses used to develop specifications for the Zoue 2 filteddrain material may not be 
representative of the conditions that are now expected in the field. This issue is discussed in 
more detail in the following section. 

1.3 FilterlDrain Design and Construction 

A vertical filterldrain system was installed in the embankment for the purpose of controlling 
seepage during water impoundment events. The filterldrain system was designed based on the 
assumption of full impoundment for sufficiently long time periods to result in full development 
of steady state seepage through the embankment, using permeability assumptions obtained from 
the original field and laboratory investigation (CH2M Hill, 1995a). 

1.3.1 Seepage Analysis and Drainage Capacity Calculations 

1.3.1.1 Seepage Analysis by Original Designers 

Seepage analyses were performed using an analytical approach and a "simple Darcy's Law 
seepage model" to estimate how quickly seepage would penetrate into the dam during 
impoundment events (CH2M Hill, 1995b). The vertical hydraulic conductivity (k,) of Zone 1 
materials was estimated to be 5 X 10 .~  cm/s based on laboratory permeability test results (see 
attachment, Table 3-2 from the Design Report Addendum 2, CH2M Hill, 1996b). The horizontal 
hydraulic conductivity (kh) was assumed to be 10 times the vertical, or 5 X cmls. The Darcy 
seepage model assumed one dimensional horizontal flow and was used to estimate the rate of 

@ Gannett Fleming 
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advancement of the seepage line towards the drain. Assuming the reservoir pool remained full 
thoughout the period of infiltration, the results indicated that water would reach the drain within 
5 to 10 days. 

Drain capacity requirements were then determined based on estimates of the quantity of seepage 
from a flow net constructed for the upstream Zone 1 section with the drain as the vertical 
discharge face and the high pool elevation on the upstream slope as boundary conditions. The 
assumptions implicit in this calculation are steady seepage and isotropic hydraulic conductivity k 
= 5 X c d s .  Based on these assumptions, the quantity of flow into the chimney drain was 
computed as approximately 1 gpdf t  of drain. For a 400 ft long drain the total estimated steady- 
state flow was approximately 400 gpm. 

1.3.1.2 Estimated Capacity of Chimney Drain by Gannett Fleming 

Review of the construction specifications indicates that the hydraulic conductivity of the Zone 2 
material was specified to be a minimum of 1 ftlmin. Gannett Fleming estimates the total 
capacity of a 4-foot wide granular chimney drain constructed with Zone 2 material (k = 1 ftlmin) 
to be about 12,000 gpm, as follows: 

0 
where the madient. i = 1 because the flow is vertical downward within the chimuev section. This - 
capacity is about 30 times the required capacity of 400 gpm, based on the flow net calculation by 
the designers. 

1.3.1.3 Estimated Capacity of Outlet Pipes as Originally Designed 

The designers intended to use outlet pipes to convey seepage flows from the chimney drain to the 
downstream toe of the dam. Gannett Fleming reviewed the design calculations that were the 
basis for the outlet pipe size requirements (computation sheet titled "Chimney Drain Capacity" 
dated 3120194 by J. Livingston in appendix to CH2M Hill, 1995a, Volume 2). The designer 
calculation is shown on the data sheet as follows: 

"Check Flow to Drain Pipe - Vertical Flow" 

Q = 10-'(ft1min)- 15(ft) 4(fi - drain width) * 7.48(gallfi3) * 400( ft - dam length) 
15(ft) 

= 1197 gpm 

It appears from the calculations above that the hydraulic conductivity of the Zone 2 material was 
assumed to be 0.1 ftlmin, or 10 times lower than the specified hydraulic conductivity, resulting in 
a total calculated maximum flow from the chimney drain to the outlets of 1,197 gpm. It is 
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unclear why the designers used the lower hydraulic conductivity value (10.' fr/min) to size the 
outlet pipes, rather than the more conservative estimate (1 ft/min) which would have resulted in 
outlets sized for the full capacity of the chimney drain of 11,970 gpm, as shown by Gannett 
Fleming's calculations above. 

The calculation presented on the computation sheet (1,197 gpm) appears to be the basis for 
sizing the outlet pipes. According to subsequent calculation sheets, the discharge was to be 
accommodated using two, 8-inch diameter outfall pipes, with an estimated combined capacity of 
1,120 gpm. Gannett Fleming estimates that if the pipes had been installed, this would have 
provided a factor of safety equal to 2.8, as follows 

outlet pipe capacity (two 8" dia. pipes) 1,120gpm 
FOS(as designed with pipes) = - - = 2.8 

total flow from dam from flow net 400gpm 

1.3.1.4 Gannett Fleming Estimate of As-Constructed Finger Drain Capacity 

Review of the construction drawings indicates that the outlet pipes were not installed in the 
finger drains, but instead, the finger drains were constructed of drainage rock (Zone 2 materials). 
Figure 2 shows details taken from the constmctiou documents including the details for the finger 
drains. Four finger drains are shown, each constructed using the Zone 2 material, with cross- 
sections 10 ft wide by 3 ft-8 in high, and extending through the dam to discharge on the 
downstream toe. Without the 8-inch pipes, Gannett Fleming estimates the combined total @ capacity of these finger drains as follows (refer to Figure 2 for definition of parameters): 

kh2 lf t lmin ( . 4=-= 
* 

67 + ft)2 = 0.1 15ft3 Imid f t  = 0.86 gal/min/ft(of drain width) 
2L 2 * 94.5 ft 

Q = 0.86 ga l lmid  ft * 40ft(combined with of 4drains) = 34 gallmin 

Where: q = capacity of finger drains per ft (width) of drain, k = hydraulic conductivity, h = head 
drop from top of finger drain at the location of the chimney (elevation 2136.67 ft) to the bottom 
of the drain at the toe of the dam (elevation 2132), L = length of finger drain from chimney 
section to toe of dam, as shown on Figure 2. This calculation shows that the total combined 
capacity of the four finger drains is 34 gpm. This capacity is substantially less than the required 
capacity of 400 gprn under steady seepage conditions, as estimated from the flow net. 

As part of this Individual Structures Assessment, Gannett Fleming has performed preliminary 
seepage analyses (as described in Section 2 of this memorandum) which indicate that under 
normal flood scenarios, steady state seepage will not develop in Casandro Dam. Therefore, the 
vertical filterldrain should see very little to no discharge from the upstream Zone 1 if the 
reservoir is drained within 10 days followitig flood impoundments, as anticipated. It is important 
to understand however that, because of the limited capacity of the finger drains, the overall 
drainage capacity of the internal filteddrain system is on the order of only about 34 gpm. This is 
substantially less than the designer's intended drain capacity of about 1,120 gpm, but could still 
be adequate according to our transient seepage analysis model which is described in Section 2. 
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In Section 3 of this memorandum, we provide recommendations for Phase I1 sampling, testing, 
and analyses that could be performed to confirm the expected seepage quantities and required 
capacity of the internal drain system. 

1.3.2 Filter Criteria 

The original design intent for the central filteddrain was to serve as both a protective filter and as 
a drain, with its primary function believed by the designers (CH2M Hill) to be as a drain because 
of the expected high permeability of the embankment materials. In actuality, the primary benefit 
of the Zone 2 vertical filterldrain is as a filter to protect against piping of Zone 1 in the event that 
transverse cracks develop. The original filter design presented in CH2M Hill (1995a) was based 
on NAVFAC DM 7.1 (1992). This procedure differs from the more widely accepted standard 
that is outlined in Chapter 26, Part 633, of the National Engineering Handbook (NRCS, 1994). in 
that, among other things, the base soil gradation curves are not adjusted for gravel content. 
Because the base soils contained significant quantities of gravel, the critical filtering requirement 
(D15f / Dg5b < 5) could allow for the filter to be too coarse. In fact, in the Design Report the 
maximum D I ~ '  for the filter initially was established too coarse, but the gradation that was 
actually specified and ultimately used to construct Zone 2 (summarized on Table 2) does just 
meet the filtering requirement, as described in the following Section 2 - Supplemental 
Geotechnical Analysis. 

Table 2. Casandro Dam - Zone 2 FilterIDrain Material Characteristics 

The gradation band specified in the project contract documents, and summarized on Table 2, was 
designed in accordance with the NAVFAC guidance document for both filtering and 
permeability considerations. To achieve the desired kmi, = 1 ft/min characteristic, the designers 
established the filter band such that it met the filter requirements, but also encompassed typical 
gradation curves for granular drain materials that meet the permeability requirement. The design 
calculations refer to Figure 6, pp. 7.1-277, on the NAVFAC DM 7.1 as the basis for their design 
limits (CH2M Hill, 1995a). This figure shows typical permeability estimates for specific 
gradations of several drain materials. 

Description 
Chimney drain - clean, well-graded gravelly 
coarse sand or coarse sandy gravel from 
imported source 

During construction the contractor had some difficulty meeting the specified kmi, = 1 ft/min 
requirements for Zone 2 filter, and there was considerable discussion in the project 
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Properties 
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correspondence regarding this issue. The principal concern noted in the correspondence dealt 
with an apparent incompatibility between the Zone 2 gradation to meet both the filtration 
requirements and the specified minimum hydranlic conductivity (k,,,i,, = 1 ftlmin). The contractor 
initially experienced several failed attempts to achieve the permeability requirement with 
materials that were processed and blended to meet the gradation specification. 

Following the initial trials, the engineer of record (Ken Kicker) checked the filtering 
requirements for the revised Zone 1 gradations using the current methodology (NRCS, 1994), 
and developed a revised filter band. Ultimately, the hydraulic conductivity requirement was 
reduced to 0.8 ftlmin, which allowed the contractor to meet the modified specification while 
staying within the revised gradation band. 

In order to compensate for the assumed reduced hydraulic capacity, the cross-sectional areas of 
the finger drains were increased by 20 percent. It is assumed that the finger drain capacity as 
constructed is roughly equivalent to the capacity as calculated previously (approximately 34 
gallmin) for the smaller finger drains with higher k. 

1.4 Original Slope Stability Analyses 

The designers assumed the parameters shown on Table 3 for the slope stability analyses, based 
on laboratory direct shear testing of 6 remolded samples (CH2M Hill, 1995a). Alternate strength 
assumptions for the Zone 1 fill were developed based on triaxial shear testing of samples with 
higher fines content (TP-15, B-1, with 25.6 percent low plasticity fines). The designers did not 
anticipate these samples as being representative of the Zone 1 fill. All samples were obtained 
from the surficial soils in the dam foundation and the upstream reservoir areas. Slope stability 
analysis results were reported for the expected strength and loading conditions shown on Table 
4. Table 5 provides the results of slope stability analyses for various loading conditions under 
the alternate strength assumptions. 

Table 3. Embankment Soil Properties Used in Stability Analysis 

I Property 

The designers evaluated the upstream slope for a rapid drawdown condition under the 
assumptions that a full phreatic line could develop up to the emergency spillway elevation, and 
that no dissipation of pore pressures would occur following instantaneous drawdown from full to 
a pool level corresponding to % the full level. This limitation on the instantaneous drawdown 
level achieved the required minimum factor of safety = 1.2. 

Moist unit weight (y) (pcf) 
Angle of internal friction (9) 
Cohesion (c) (psf) 
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120 
40" 
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Zone I 
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assumption) 
120 
21 
240 

130 
40 " 
300 
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Table 4. Original Slope Stability Analyses Results 

3H: 1V downstream 

Table 5. Original Slope Stability Analyses Results - Alternate Strength Assumption 

3H: 1V downstream 

Slope - - . - - - .- - 

3H: 1V upstream 

. .. . . . . . .- - .. - . -. - - - - - . . - - . . . . . . . -. . . . - . - 
Cu~iditior~s I hlinimum -. I Static, dry slope (drain intercepts seepage) 1.9 

The pseudo-static analysis were done assuming a pseudo static coefficient = O.lg. This 

0 coefficient is equal to the estimated peak ground acceleration based on a review of existing 
regional seismicity data and studies of known faults. The data review is summarized in the 
Geotechnical Report (CH2M Hill, 1995a). 

Pseudo static 
Static, steady seepage at PMF pool level 
Pseudo static, steady seepage at PMF pool level 
R a ~ i d  drawdown from PMF ~ o o l  level 

Downstream slope stability was evaluated for both dry slope conditions (assuming the drain 
intercepts seepage) and an assumed steady seepage condition without the internal drain (phreatic 
line emerging on the downstream slope). Computed factors of safety were acceptable, even for 
the conservative seepage assumption for the 3H:lV slope. It is believed that the downstream 
slope inclination was controlled not by stability considerations, but rather by constructability 
considerations for the emergency spillway over the dam. 

1.4 
2.7 
1.6 
1.3 

1.5 Embankment Settlement 

Settlement of the embankment and foundation was estimated using elastic theory. Compressions 
of between I and 1.3 inches were estimated for both the foundation and embankment, resulting 
in a total settlement of approximately 2 to 3 inches maximum. To accommodate anticipated 
settlements, the designers recommended increasing the height of the dam by 6 inches. 

1.6 Penetrations through the Embankment and Foundation 

In the original design there were to have been 4 new pipes passing through the embankment and 
foundation as follows: relocated sanitary sewer pipe, low flow outlet pipe, and 2 pipes to drain 
the chimney drain (CH2M Hill, 1995a). Gannett Fleming could find no record that the chimney 
drain outfall pipes were installed. Instead, as described in Section 1.3 of this memo, four 
granular finger drains were used to provide drainage outlets for the chimney drain. 

Gunnett Fleming 
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New Sanitary Sewer Pipe. The new sewer line is a 12-inch ductile iron pipe that replaced a 10- 
inch pipe which was removed from the dam foundation. The new pipe crosses the dam axis at 
about Station 14+59, south of the emergency spillway, at elevation 2121.6. The new sewer pipe 
was trenched into native foundation material, and the pipe is encased in concrete slurry from just 
upstream from the dam to the downstream sanitary manhole at the downstream toe of the dam, 
except as follows: 

The new sewer pipe crosses through the Zone 2 chimney drain trench, approximately 4.5 
ft above the bottom of the trench. A special construction detail was prepared in the field, 
and review of the as-built plan indicates that the chimney drain material extends all 
around the sanitary sewer pipe, serving as a filter diaphragm. 
The pipe is founded in the native, cemented soils except from Sta 10+30 to 10+90 
(stationing on the sewer-line), where the pipe invert was above grade. Special details 
were developed in the field to form the concrete pipe encasement through this reach, and 
to construct the fill around the pipe to ensure good compaction against the formed 
concrete. 

Outlet Pipe. The primary outlet is a 36-inch diameter reinforced concrete pipe that extends 
through the embankment fill, emerges through the spillway chute slab, and discharges into the 
stilling basin. The original design recommended the pipe be installed by placing the 
embankment fill to an elevation approximately 2 feet above the top of the pipe, then excavating 
the pipe trench into the compacted fill. In the original design, the outlet pipe trench was to be 

@ 
backfilled with concrete slurry up to the top of the trench between the upstream face of the dam 
to 4 feet downstream from the chimney drain, then backfilled with chimney drain material (Zone 
2) from that point to the spillway. During construction, the inspectors realized that this would 
result in an unintended outlet for the chimney drain at a lower elevation than the finger drains, 
which were the intended outlets. A field change was made which eliminated the Zone 2 backfill 
downstream from the chimney section, such that the pipe was installed downstream from the 
chimney in a similar manner as upstream. The penetration of the pipe through the chimney 
section provides a filter diaphragm for the pipe. 

1.7 Erosion Protection below Emergency Spillway 

The depth of the cutoff wall below the emergency spillway stilling basin was estimated using a 
procedure outlined in the District's Hydraulics Manual for estimating local scour hole geometry 
at outlet structures. This procedure predicted a maximum scour hole depth of 8.8 ft located 60 ft 
downstream from the stilling basin. In the original design report, it was assumed that no riprap 
protection would be provided downstream from the stilling basin (CH2M Hill, 1995a). To 
protect the stilling basin from undermining by scour during large flow events, the designers 
recommended incorporating an 8 ft deep cut-off wall below the stilling basin. 

As-built drawings indicate the cutoff wall extends 11.5 ft below the ground surface, and about 
5.5 ft below the stilling basin slab. This wall extends around the end and both sides of the 
stilling basin. Also, a 4-ft deep riprap apron was constructed downstream from the stilling basin. 
The riprap extends across the 80-ft width of the stilling basin and an estimated 40 feet 
downstream from the structure. No riprap was placed behind the stilling basin walls on either 
side, and this area may be vulnerable to erosion and scour during major flood events. 
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1.8 Under-drainage Measures for Emergency Spillway Chute and  Stilling Basin Slab 

The design incorporated several features to provide drainage for the emergency spillway which 
is constructed as a concrete weir and chute over the dam. These spillway drainage elements are 
described as follows: 

Zone 2 material was placed in an 8 to 12-inch layer under the chute slab, and as the lower 
2 feet of backfill behind the vertical chute walls. The under-slab drainage layer was 
placed directly on the 3H:IV downstream slope using a wire mesh to stabilize and 
support the granular drain rock material and facilitate slab construction. The chute under- 
drain ties into the chimney drain near the top of the chute, and outlet pipes are provided 
through the chute walls at various locations down the sloping backfill. In addition to its 
intended function as a drainage layer, the Zone 2 material also is intended to serve as a 
protective filter to prevent fines from being sucked up through cracks in the slab if 
negative pressures were to develop at vertical offsets in the slab. 

A 12-inch layer of Zone 2 material was placed beneath the horizontal stilling basin slab, 
and ties into the sloping chute under-drain. Slotted PVC drain pipes were installed within 
the granular layer which discharge through the chute walls a few feet above the elevation 
of the top of the stilling basin slab. The design intent is for this under-drain to relieve 
potentially damaging hydraulic uplift pressures beneath the slab following discharge 
events. The designers also incorporated an 11.5 ft deep vertical cutoff wall extending 
around the downstream end and sides of the stilling basin to minimize the flow towards 
the stilling basin, and to protect against undermining as described previously. 

1.9 Summary of Key Findings from the Geotechnical Data Review 

Design Phase Site Investigation and Testing. The number of exploration pits and borings, 
number and types of samples collected, and number and types of laboratory tests that were done 
during the design phase were quite reasonable for a dam of this size. However, there were some 
deficiencies in the investigation program that are worth noting. A key issue was the evidently 
inaccurate characterization of the Zone 1 materials - the primary material used to construct the 
dam. The designers believed this material would be predominantly clean to slightly silty 
gravelly sand with less than lo%, non-plastic fines. This assumption was based on the results of 
the laboratory test program. Shear strength and hydraulic conductivity parameters that were 
assumed for the design analyses were based on laboratory testing of these low fines content 
materials. 

The majority of Zone 1 materials that were encountered during the construction phase contained 
significantly higher amounts of low plasticity, clayey fines (>lo% up to 24%). The reason for 
this discrepancy is not totally clear from the project records. It is clear that the engineers of 
record for the construction phase were aware that this discrepancy could have had significant 
impacts on key design analyses, especially slope stability and filter design, and check analyses 
were done to ensure that essential criteria would be met. These check analyses included 
verification of the filter compatibility for the finer Zone 1 base soils using modem filter criteria 
(NRCS, 1994). The ADWR also requested additional stability analyses using alternative * strength assumptions based on testing bf  soils with higher fines content. ~ h e s e  additional 
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stability analyses were completed as described in Addendum 2 to the Design Report, and the 
results are summarized on Table 5 in this memo. 

Zone 2 Chimney Drain. The designers assumed that full and rapid development of a phreatic 
line would occur within the dam during extreme flood events, and used this assumption as 
primary justification for incorporating a high-capacity internal chimney drain in their 
embankment design. As constructed, the actual capacity of the internal drain system is 
severely constrained by the limited cross-sectional area and permeability of the Zone 2finger 
drains. The evident design intent was that the drain system should have substantial hydraulic 
capacity, on the order of 3 times the estimated worst-case seepage estimate This estimated 
design capacity was based on the outlet portion of the drain system comprised of two, 8-inch 
pipes. However, as constructed, these outlet pipes were not installed, and instead four granular 
finger drains were constructed to provide the outlets for the chimney drain. Gannett Fleming 
could not locate any design calculations related to sizing of the finger drains. Our independent 
calculation (presented in Section 1.3 of this memo) indicates that the total finger drain capacity is 
about 34 gaymin, which is substantially less than the 1120 gaYmin capacity of the outlet pipes 
assumed by the designers. 

The project reviewers and geotechuical engineer of record during construction recognized that 
the critical function of Zone 2 is not as a drain, but as a filter to protect against internal erosion 
and piping of the Zone 1. An excessive amount of time and effort was spent during 
construction in trying to comply with a specification standard for permeability that was not only 
in conflict with the gradation specification required to achieve filtration, but was ultimately 
unnecessary, as indicated by supplemental seepage analysis provided in Section 2 of this memo. 
Transient seepage analysis show that seepage into the chimney drain is likely to be minimal, 
even during extreme flood events, due to the limited impoundment times anticipated for this 
flood retention structure. 

2.0 SUPPLEMENTAL GEOTECHNICAL ANALYSIS 

2.1 Supplemental Seepage and Slope Stability Analysis 

In support of the Phase I Structures Assessment, Gannett Fleming conducted preliminary 
supplemental seepage and slope stability analysis for Casandro Dam to document the expected 
stability of the structure under anticipated phreatic surface conditions. The key design 
assumption used in the original stability analysis by CH2M Hill is suspect for the following 
reasons: 

Design Assumption: Development of a steady state phreatic line - The original 
design assumed that a steady state phreatic line would be likely to develop within the 
dam because the embankment was expected to be constructed of relatively pervious Zone 
1 materials comprised predominantly of clean to slightly silty gravelly sands. 

# Revised Assumption No. 1: Development of a high-level steady state phreatic 
line is not likely because (1) the Zone 1 materials actually used to construct the 
dam had between 10 and 24 percent clayey fines and would therefore not be 
pervious, and (2) the maximum detention time for a 100-year event will be less 
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than 10 days, assuming the outlet does not clog. In our estimation, this is 
insufficient time for a high-level steady state seepage line to develop. 

Gannett Fleming conducted preliminary seepage analyses using a numerical model (SEEPN) 
that allows simulation of the transient wetting front advance into the upstream shell of the dam 
during a storm detention event, or sequence of events. The results are shown on Figure 3 for a 
sequence of two back-to-back 100-year floods. 

The SEEPN model correctly accounts for unsaturated and saturated hydraulic conductivities 
and gradients within the soil to predict the rate of infiltration during a temporary impoundment 
event. A standard "Silty Sand" material type was selected from the model's database to 
represent the Casandro Dam embankment materials. The database provides the necessary 
unsaturated hydraulic parameters for use in the simulation. The vertical saturated hydraulic 
conductivity was assumed to be 1.4 ft/day (5 X cmls). This was the value used by the 
original designers based on laboratory tests on materials containing less than 10 percent fines, as 
reported in the Geotechnical Report (CH2M Hill, 1975a). As previously stated, these materials 
are likely not representative of materials actually used to construct Zone 1, which contained 
higher percentages of low plasticity fines. However, this high vertical hydraulic conductivity 
assu~nption is expected to provide conservative results for the seepage estimate. The 
embankment was modeled as a homogeneous section, with a horizonta1:vertical anisotropy 
(kh/k,) ratio of 10:l for the hydraulic conductivity. 

Figure 3 shows the simulated development of the seepage line into the embankment with time 
during a sequence of two consecutive 100-yeas events (multiple storm scenario). This 
imponndment scenario was modeled to estimate a conservative phreatic line for use in evaluating 
slope stability during drawdown. It is evident that even following multiple storm events, the 
wetting front will advance to a very limited extent into the dam. Also, the model results indicate 
rapid dissipation of the upstream pore pressures as the pool level drops. 

Slope stability was analyzed using the program SLOPEN, which imports the estimated pore 
pressures from the SEEPN analysis. Stability was evaluated using the same material property 
assumptions that the CH2M Hill designers used (as summarized on Table 3) except that a small 
cohesion intercept (c = 10 psff was assigned for the strength estimate in order to exclude non- 
critical, extremely shallow (infinite slope) failure surface results. Figures 4 and 5 show the 
estimated minimum factors of safety for the upstream slope at two times: (1) during drawdown 
after the 2"d flood impoundment (factor of safety = 3.0), and (2) after drawdown to the sediment 
pool level immediately following two consecutive impoundment events (factor of safety = 2.7). 
The factor of safety is slightly higher at the intermediate impoundment stage (during drawdown) 
because the pool provides additional buttressing against the slope. Note that the slope is 
predicted to be nearly completely drained (low phreatic line) immediately following the two 
events, based on the assumptions used in the model for impoundment times, drawdown times, 
and hydraulic conductivity of the materials. 

Slope stability for the downstream slope was also checked, although the original analysis was 
considered appropriate and correct. The factor of safety = 2.7 is in agreement with the original 
computation. The results of the preliminary supplemental seepage and slope stability analyses 
ase summarized on Table 6. 
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Table 6. Preliminary* Supplemental Slope Stability Analyses 

Slope 

assumed hydraulic conductivity parameters 

3H:lV upstream 

2H: 1V downstream 

2.2 Compatibility of Zone 2 Drain Fill as Filter for Zone 1 

Report Figure 

Zone 2 is shown on the as-built drawings as a 4-ft wide, vertical chimney drain positioned under 
the downstream side of the dam crest. This zone was designed to act as both a drain and a filter. 
Its most important function is to serve as a filter to protect against potential internal erosion and 
piping of the core materials in the event of transverse crack development. Because of its critical 
function as a filter, the Zone 2 gradation was checked against current filter criteria in accordance 
with the NRCS, National Engineering Handbook, Chapter 26 "Gradation Design of Sand and 
Gravel Filters" (NRCS, 1994). This check was performed by the engineer of record during 
construction (RAM, 1996). 

Figure 7 shows what is believed to be a representative gradation curve for the finer materials 
used in the Zone 1 "Base Soil" (graphed with solid circle symbols). This gradation curve was 
developed for a field sample from the "SC Stockpile" from the construction records, and has 
about 24 percent fines content. The sample classifies as a low plasticity clayey gravelly sand SC 
according to the Unified Soil Classification system (USCS). A second base soil gradation curve 
was also developed (graphed with solid triangles) from a sample derived from the "NC 
Stockpile", and had about 12 percent fines content. 

* These results are based on preliminary analyses conducted using soil parameters from previous design reports and 

The base soil gradation curves (solid symbols) were adjusted for gravel content as shown by the 
curves graphed with open symbols on Figure 7. The filtering and permeability (k) criteria for the 
adjusted curves are shown by the solid circles and solid triangles, respectively, on the 15% 
passing line. The coarse side of the Zone 2 specification band just achieves the recommended 
filtering limit for the finest base soils. Zone 2 does meet the permeability criteria for both base 
soil gradations. 

Conditions - 

3.0 

2.7 

2.7 

4 

5 

6 

3.0 RECOMMENDATIONS FOR FUTURE ACTIONS 

Minimum 
F.S. 

Intermediate drawdown level 
during sequence of two, 100-yr 
impoundment events 
Immediately following two, 100- 
yr impoundment events 
Dry slope -critical failure surface 

3.1 Monitoring 

In recognition of the presence of potentially erosive materials, inter-layered with potentially 
pervious lenses within native materials in both abutments, we recommend monitoring for 
seepage through the abutments during impoundment events, and regular visual inspection of the 
thin fill blanket that covers the natural slope south of the right abutment to ensure it is being - 
properly maintained. 
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3.2 Supplemental Geotechnical Analyses 

3.2.1 Review of Archived Project Construction Records 

It is our understanding that project construction records may be archived in boxes at ADWR. 
Gannett Fleming recommends that these records be retrieved and reviewed during Phase I1 to 
confirm the geotechnical characteristics of both Zone 1 and Zone 2 materials. These properties 
came into question between the design and construction phases of Casandro Wash Dam. If 
necessary following the construction record review, supplemental sampling and testing of these 
materials could be done. In particular, the gradation characteristics and hydraulic conductivities 
of these materials could be tested to support additional seepage analyses and drain sizing 
evaluations. Representative samples could be obtained by excavation of test pits, and gradation 
tests done to confirm the construction-phase findings. Hydraulic conductivity tests could be 
performed using flexible-wall, triaxial tests on samples compacted in accordance with the 
construction specifications. These tests would provide estimates of the vertical hydraulic 
conductivities of the Zone 1 and Zone 2 materials for use in the seepage analyses. 

3.2.2 Documentation of Slope Stability and Seepage for Main Dam 

Gannett Fleming does not anticipate any problems with slope stability under any reasonable 
loading conditions for Casandro Dam. The original stability analysis, and our preliminary 
(Phase I) stability analyses adequately document factors of safety for all the loading conditions 
that would need to be evaluated under current NRCS or ADWR criteria, with the possible 
exception of rapid drawdown as discussed below. Table 7 shows the definitions of various 
loading conditions and a comparison between the current NRCS design criteria that are outlined 
in TR-60 (SCS. 1985), and the current criteria as presented in the ADWR dam safety rules and 
regulations for jurisdictional dams. 

Table 7. Slope Stability Design Criteria and Minimum Factors of Safety 

I Loading Condition 

I_ 
- . . . . - . . . . . . . . - 

Rap~d Drawdown (upstream slope) 
( Steady seepage w/o seismic forces, 

phreatic surface fully developed 
w/reservoir at principal spillway 
elevation 

Steady seepage w/ phreatic surface 
develoued from critical oartial uool 

TR-60 
(SCS, 1985) 

1.2 

Min. FOS 
Casandro Dam 

1.2 - 2.7 r 

@ Gannett Fleming 

-- 

elevation (upstream slope) 
Steady seepage wlseismic forces, 
phreatic surface fully developed 
w/reservoir at principal spillway 
elevation 
(downstream slope) 
FromR-15-1216(B)(l)(c)(i) Table 5, effective June 12,2000 
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ADWR specifies pseudo static analysis for embankment dams not subject to liquefaction, and having maximum 
peak bedrock acceleration < 0.2 g, using a pseudo-static coefficient at least 60% of the maximum peak bedrock 
acceleration 
FOS for "instantaneous" drawdown 'om full pool to M pool elevation, with no dissipation of pore water pressures 
from full development of phreatic line under full pool steady state (from CH2M Hill, 1995b) 
Minimum FOS for drawdown following two, back-to-back reservoir fillings assuming transient pore water 
pressure development and dissipation as reservoir level rises and drops (supplemental geotechnical analysis as 
part of this Phase I Structures Assessment, presented in Section 2 of this memorandum) 

Rapid Drawdown Stability (upstream slope): Preliminary analyses were conducted as part of 
this Phase I study that simulated a plausible scenario for development of the seepage line into the 
dam under temporary impoundment events, and to assess the upstream slope stability under 
expected drawdown rates with the outlet works functioning normally. These analyses show that 
it is very unlikely that a steady state phreatic line would develop in the Casandro Dam, assuming 
the outlet works are operational and not clogged for sustained periods of time following a flood 
event. ADWR criteria require that an "instantaneous" drawdown analysis be performed. The 
ADWR guidance and rules were developed for water retention dams, and the criteria are 
interpreted to mean that rapid drawdown stability should be evaluated assuming that a steady 
state phreatic line has developed from the normal high reservoir pool elevation. In the original 
analysis, rapid drawdown was evaluated assuming a fully developed phreatic line from the 
normal high reservoir pool elevation, followed by instantaneous drawdown to "$5 the PMF 
elevation". It is unclear why the designers put this limitation on the instantaneous drawdown 
elevation. The critical upstream failure surface under this loading scenario was a shallow slip 
surface on the upper part of the slope. A more realistic, but still conservative rapid drawdown 
analysis that should adequately address the ADWR criteria would involve the following steps: 

a. Establish the steady state phreatic line and pore pressure distribution using 2-D 
seepage analysis. Use reasonable assumptions for hydraulic conductivity and 
anisotropy for the embankment materials based on available information, or new 
testing of the Zone 1 and Zone 2 materials as described previously. 

b. Model the dissipation of pore pressures with time, starting from the steady state 
initial condition, and assuming a worst case drawdown rate. The drawdown rate 
should be based on the fastest rate feasible assuming a fully operational outlet 
discharging at capacity. This is not an "instantaneous" drawdown assumption, 
but is much more realistic given the physical constraints on the rate of drawdown. 
Realistic hydraulic conductivities should be used for Zone 1 based on the actual 
materials that were used in construction, and not on the laboratory testing on 
samples having less than 10 percent fines. Pore pressure dissipation with time 
from the steady state condition can be estimated using either a transient numerical 
flow analysis or a suitable analytical procedure. 

c. Evaluate the upstream slope stability at various stages of the drawdown by 
inputting the instantaneous pore pressure grids and reservoir levels from the 
transient seepage analysis. Report the minimum value, and compare against the 
design criteria (minimum factor of safety = 1.2). 

Supplemental Seepage Analyses and Drain Size Evaluation: Previous seepage analyses for 
drain sizing in the original design report, and supplemental analyses by Gannett Fleming as part 
of this Phase I Structures Assessment, used Zone 1 hydraulic conductivity estimates from the 
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original site investigation and design report (k, = 5x10.~ cmls, kb = 10k, = 5x10" cmls). These 
results are suspect because the materials tested for hydraulic conductivity in the original 
investigation are evidently different from the majority of Zone 1 materials actually used to 
construct the dam. It is likely that the Zone 1 materials may have substantially lower hydraulic 
conductivities due to higher amounts of low plasticity fines. 

Supplemental transient seepage analyses that are documented in Section 2 of this memo indicate 
that the upstream zone will not become fully saturated, and that a steady state seepage condition 
into the chimney drain is unlikely to develop under plausible storm scenarios and normal 
operating conditions. However, it may be desirable or necessary to evaluate the drain capacity 
requirements under conditions where the outlet is plugged, and a steady state phreatic line does 
develop after some extended time period of impoundment. In concert with step (a) of the 
upstream rapid drawdown stability analysis previously described, additional supplemental 
analysis could be used to estimate "worst case" seepage quantities into the chimney drain using 
revised Zone 1 permeability assumptions. The finger drain capacity could then be checked 
against this revised seepage rate to evaluate whether or not the finger drains are adequate to 
handle the revised estimates of steady state seepage volumes. The stability analyses indicate that 
the downstream slope would be stable with adequate factors of safety, even if a seepage line 
were to develop on the downstream face (i.e., the internal drains were ineffective). The 
documentation of these analyses could show that even if the finger drains are overwhelmed, the 
likelihood of failure is low due to the relatively flat downstream slope (3H:lV), and strength of 
the Zone 1 materials. 

@ 3.2.3 Phase I1 Evaluation of Potential Seepage and Piping Issues in Left Abutment 

A potential Category I1 failure mode that was recognized during the FMEA involves piping and 
erosion of materials in the right abutment, either as a result of a separation of the zone between 
the dam section and the blanket fill, or as a result of cracks or openings that penetrate the thin 
blanket fill material that was placed on the abutment slope south of the abutment. Adverse 
factors contributing to this failure scenario are the presence of lenticular zones of coarse native 
materials, and loose fill materials in the abutment. This adverse abutment condition is more of 
a concern on the right abutment than on the left abutment because of the nature of the steep cut 
and tie with the abutment and the presence of the thin blanket fill that was placed over the 
abutment ridge, which serves as the "dam" south of the right abutment. 

Additional seepage and slope stability analysis could be performed to evaluate the candidate 
failure mode associated with potential seepage and piping erosion through the right abutment. 
The analysis is outlined as follows: 

1) Develop geologic cross sections through the abutment, beyond the extent of the Zone llZone 
2 fill. Sections should be drawn for both the upstream and downstream abutment slopes. 
Use boring log and laboratory test data from the Geotechnical Report (CH2M Hill, 1995a), 
and the as-built construction plans to estimate the subsurface slope stratigraphy and geometry 
as accurately as possible. Assign material parameters (hydraulic conductivities) for the 
various layers in the slope using available information and judgement. 

2) Highlight any zones or potential zones of high transmissivity. 
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3) Conduct seepage analysis to estimate the range or extent of saturation and seepage through 
the abutment during impoundment events. 
a) CASE 1 - Establish a "worst case" seepage line through the abutment. A conservative 

analysis could assume that the outlet intake is clogged, allowing a high elevation steady- 
state seepage line to develop through the narrow ridge at the right end of the dam. Also, 
it could be assumed that the Zone 1 blanketing layer is very thin, or has been damaged, 
allowing reservoir seepage to quickly penetrate into coarse, loose layers of fill and highly 
stratified, coarse deposits in the abutment. Further, it could be assumed that the slope has 
been "pre-saturated" by vertical infiltration from the structures on the pad at the top of 
the ridge. In this worst case scenario, it is likely that seepage would emerge on the 
downstream side of the ridge. 

b) CASE 2 - Estimate a more likely extent of saturation and pore pressure development in 
the abutment slope by running a seepage analysis with the Zone 1 blanketing intact, and 
assuming limited detention time in the reservoir following an impoundment event or 
events. In this case the seepage line would likely only partially penetrate the upstream 
slope of the ridge, and may not emerge on the downstream slope. 

4) Evaluate whether the potential worst-case and likely seepage scenarios present a potential 
threat with regard to piping or internal erosion, and recommend remedial actions that could 
be taken to improve the conditions in the right abutment of the dam, such as installation of a 
protective filter or seepage cutoff through the ridge. 

3.2.4 Evaluation of Potential Settlement and Elongation of the Principal Spillway 

It is normally undesirable to found the outlet pipe on embankment fill. The concern is that the 
pipe could settle differentially, with more settlement occurring under the central part of the 
embankment, and less settlement towards the upstream and downstream toes. This "bowing" of 
the pipe under severe settlement conditions could lead to disruption of joints in the pipe and 
leakage through the joints when the pipe is flowing full during flood events. At Casandro Dam 
the potential for embankment settlement causing elongation and disruption of the pipe is 
mitigated by the low height of the dam, the relatively firm foundation, and very low probability 
for saturation of the fill. However, analyses could be done to estimate the maximum elongation 
that could occur under expected differential settlements, and compare that axial strain to the 
tolerances of the pipe and its joints. 
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