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Introduction 

The Flood Control District of Maricopa County (District) retained CH2M HILL on October 
18, 1993, to provide professional engineering services for design and preparation of plans, 
Special Provisions, and cost estimates for an earth dam on Casandro Wash. Volume 1 of the 
Geotechnical Report presented the results of CH2M HILL'S geotechnical exploration and lab 
testing for the proposed project and was submitted to the District on March 8, 1994. This 
volume, Volume 2, presents our interpretation of the data, the geotechnical engineering 
analysis, and the design recommendations for the dam. 

Purpose and Scope 

The purpose of this report is to present the geotechnical engineering analysis, and provide 
geotechnical recommendations for the design of Casandro Wash Dam. The specific scope of 
work for Volume 2 of the Geotechnical Report included the following: 

Interpretation of site conditions including regional and site geology, seismicity, 
and site subsurface conditions 

Evaluation of the field exploration and laboratory test data 

Engineering analysis based on gathered information leading to geotechnical 
recommendations for the following: 

- Earthwork 
- Embankment foundation 
- Earthfill dam construction 
- Outlet piping 
- Spillway and stilling basin 
- Construction considerations 

Preparation of this report 

Limitations 

This report has been prepared for the exclusive use of the Flood Control District of Maricopa 
County for the specific application to the Casandro Wash Dam in accordance with generally 
accepted geotechnical engineering practice. No other warranty, expressed or implied, is 
made. The conclusions and recommendations contained in this report were based on the 
applicable standards of the consulting profession at the time this report was prepared. 

The conclusions and recommendations presented in this report are based on information 
obtained from the field exploration, laboratory test, and existing data. The results reflect 



conditions only at specific locations and times, and only to depths penetrated. They do not 
necessarily reflect strata variations that may exist between such locations. If variations in 
subsurface conditions from those described are noted during construction, the 
recommendations in this report must be re-evaluated. 

In the event that any changes in the nature, design, or location of the facilities are planned, the 
conclusions and recommendations contained in this report should not be considered valid 
unless the changes are reviewed and this report modified or verified in writing by CH2M 
HILL. CH2M HILL is not responsible for any claims, damages, or liability associated with 
the interpretations of  the subsurface data or reuse of the subsurface data or engineering 
analysis without the express written authorization of CH2M HILL. 



Site Conditions 

The information presented in this section is based on a review of existing data and the results 
of the soil borings, laboratory testing, and observations during site visits. The subsection on 
subsurface conditions presents our interpretations of the conditions based on the above 
information. 

Site and Regional Geology 

The Casandro Wash Detention Dam project area lies within the Basin and Range 
physiographic province of southwestern Arizona. This province is characterized by somewhat 
isolated mountain ranges separated by debris-filled desert valleys. The Vulture Mountains lie 
to the south of the project site. This northeast trending mountain range is composed of a 
complex, highly-faulted assemblage of Precambrian and late Cretaceous granites surrounded 
by tilted Tertiary volcanics. Northeast of the project site are the Wickenberg Mountains and 
Hieroglyphic Mountains which are similar in composition and structure to the Vulture 
Mountains but the Hieroglyphic Mountains are composed largely of Precambrian high-grade 
metamorphic schists (Chronic, 1983). 

Between these mountain ranges is a northwest-southeast trending alluvial valley which 
broadens to the northwest of the Casandro Wash project site. The valley is filled with varying 
thickness of Quaternary and Tertiary unconsolidated gravel, sand, silt, and clay. Thickness of 
the alluvial deposits range from a few tens of feet near the mountain ranges to more 1,000 feet 
near Congress, about 10 miles northwest of the project site. The unconsolidated alluvial 
deposits comprise the main water-bearing unit in the project area, although some wells 
produce water from fractured crystalline and sedimentary rocks (Sanger and Appel, 1980). 

Seismicity 

The Central Arizona region is characterized by low level of seismicity during historic time. 
Local events have been infrequent, of low magnitude ( M L ~  4), and widely scattered. The 
region has experienced a few instances of low level seismic activity caused by remote events 
of large magnitude outside of the Central Arizona region. Geologic evidence indicates that 
the region has been relatively stable throughout Late Tertiary and Quaternary time. Few 
faults in the site region are considered to be active in the engineering sense. There does not 
appear to be a significant fault that may be active closer than about 50 miles from the project 
site. For this project, an active fault is one that has experienced surface movement once in 
the past 35,000 years or recurring movement during the past 500,000 years. 

A review of existing faulting and seismicity was performed to provide seismic design 
recommendations for use in project engineering analysis. A summary of this review follows. 



1. Data search of the USGS National Earthquake Information Center as required by the 
Soil Conservation Service Technical Release No. 60 (SCS, 1985) and the project 
scope of work. The USGS data base is a multi-catalog historical earthquake data 
base. The data base includes the data source catalog, date and time of the event, 
earthquake location by longitude and latitude, depth, magnitude, radial distance from 
the project site, and any required qualifiers. The search for this project included an 
area within a 150 kilometer (km) radius of the site The search resulted in a list of 17 
earthquake records ranging from magnitude 2.5 to 4.9. All of the records were from 
earthquakes located greater than 70 km from the project site. Two closer event 
records, magnitude 4.1 and 4.5, were from non-tectonic activity. Additional 
information from these two events were not included in the data base. The closest 
event was a magnitude 4.9 at a radial distance of 74 km from the site. A copy of the 
search results is shown in Figure 1. 

2. Seismotectonic data and final conclusions for the New Waddell Dam dated July 15, 
1986, from Lany Anderson of the USBR (USBR, 1986). The design earthquake was 
a magnitude 6-314 event at a distance of 50 km. Mr. Anderson also stated that a 
Transition Zone random earthquake of magnitude 6-114 at 25 km distance was used. 
The seismic design acceleration used for the design of New Wadell Dam was 
approximately 0. l g  (Anderson, L. 1994). 

3. Soil Conservation Service Technical Release No. 60, dated October 1985, Earth 
Dams And Reservoirs. This document places Arizona in seismic zone 2 with a 
minimum seismic coefficient of 0. lg. 

4. Applied Technology Council (ATC) seismic zonation system for the western United 
States (ATC, 1978). The ATC study places central Arizona in Seismic Zone 1 for 
effective peak horizontal ground motion. The design seismic coefficient of 0.05g with 
a probability of 10 percent exceedance in 50 years. 

5. Federal Emergency Management Agency (FEMA), NEHRP recommendations for 
building seismic regulations (FEMA, 1988). FEMA used the ATC seismic coefficient 
of 0.05g with a 10 percent probability of exceedance in 50 years. Using the FEMA 
report annual risk, Figure 1.7, correlates to O.lg with a 10 percent probability of 
exceedance in approximately 250 years. 

6. Uniform Building Code (UBC). The UBC places the project on the Zone 112B border. 
Zone 1 has a seismic coefficient of 0.05g and Zone 2B has a coefficient of O.lg. 

7. Known faults with Late Pleistocene (30,000-50,000 years) and Holocene 
displacements in the vicinity of Wickenberg (Scarborough and others, 1986). Table 1 
below summarizes the known faults, approximate distance to the site, estimated 
maximum credible earthquake, and the estimated peak horizontal rock acceleration. 

Based on a review of the existing seismicity data and evaluation of nearby known faults, the 
SCS design value (SCS, 1985) of O.lg is reasonably conservative as a peak design 
acceleration. 
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Table 1 

Distance to Site Peak Rock Acceleration 

' Demsey, K.A. and Pearthree, P.A., 1990 
(2' USBR 1986 
(3) Bonilla and Others, 1984 
(4) USBR, 1976 

Subsurface Conditions 

The soil encountered at the site generally consisted of well-graded sand with varying amounts 
of gravel and silts. Two major soil layers were commonly identified in the test pits and soil 
borings. The upper layer was typically a well-graded sand with some gravel and silt. This 
material was dty, medium-dense to dense, with approximately 10 to 15 percent gravel and less 
than 10 percent low plasticity fines. This upper layer varied in thickness from 5 feet to 12 feet 
in the center and upstream portion of the basin to 16 to greater than 20 feet at the proposed 
dam site. 

Below this surface layer, the material generally contains more gravel (up to 50 percent at TP- 
IS), is very dense or cemented, and contains slightly less fines. Samples typically have a 
strong reaction to hydrochloric acid indicating a carbonate cementing agent in the soil. These 
materials were difficult to excavate at some locations (TP-9, TP-14, TP-15, TP-18). 

There are graded terraces at both abutment locations of the proposed dam site. Test pits 
excavated in these terraces indicated that surface soils were moved to the end of terraces to 
form larger level areas. The ends of these terraces consisted of loose to medium dense silty 
sand and sand. The material was easily excavated and most likely was placed without much 
control of compaction. 



I Groundwater Conditions 

I Groundwater was not observed in any of the borings drilled during site exploration. The 
lowest elevation drilled to was approximately 2060 (elevations in this report refer to project 

I 
datum supplied by the District). Review of well information from Arizona Department of 
Water Resources listed groundwater elevations in the area of the project site between 2017 
and 2052. 



Engineering Analysis and Design 

This section presents a description of the geotechnical analysis performed and the results of 
these analyses. The analyses performed included slope stability of the constructed 
embankments and reservoir side slopes, seepage analysis through the dam, embankment 
foundation design and estimated settlement, and spillway foundation design. Calculations of 
the analyses are included in Appendix A. 

Slope Stability Analysis 

Slope stability analyses were performed for the upstream and downstream slopes of the 
proposed dam embankment. The typical cross section used to model the embankment in the 
stability estimates represents the in-place native foundation soil, engineered fill in the 
foundation with a key trench into the native soil, embankment soil, and a chimney drain. From 
the stability analyses we conclude that, the embankment except for the rapid drawdown case, 
has adequate factors of safety. 

The computer program UTEXAS3 using Spencer's Method of Slices was used to estimate the 
critical stability surface for each case considered. The critical stability surface was determined 
by comparing the factor of safety for each trial surface and selecting the lowest value. Factor 
of safety is used to characterize each trial surface and is the ratio of the stabilizing forces in 
the slope system to the displacing forces in the system. Minimum target values for factor of 
safety are used as a guide and compared to the computed minimum factor of safety values to 
determine the acceptability of each case. The minimum computed and target values for factor 
of safety are presented in Table 2. Thousands of individual cases were considered during 
automatic searches by the computer program to determine the minimum factor of safety 
values reported in Table 2. 

The minimum computer stability estimates for the factor of safety were checked with slope 
stability chart solutions for the static cases. Charts presented in An Engineering Manual for 
Slope Stability Studies by J.M. Duncan and A.L. Buchignani were used to estimate the factor 
of safety for the critical cases identified by the computer program. Results of the table 
solutions compared closely with the computer program results. 

All soil zones in the embankment had the same soil strength: a friction angle of 40 degrees 
and zero cohesion. The foundation soil was modeled with a friction angle of 40 degrees and 
zero cohesion. The embankment strength was based on the results of direct shear tests on 
remolded soil samples. The mean average of soil strength data from S direct shear tests was 
42.8 degrees friction angle and 180 pounds per square foot cohesion. A unit weight of 120 
pounds per cubic foot was used in the stability analyses. 



A single piezometric surface through the embankment was modeled. Water was impounded 
in the basin to the PMF Elevation 2162.8, leaving about 1 foot freeboard. The piezometric 
level through the embankment was controlled by the chimney drain. Groundwater was 
modeled from the PMT level in the basin to the top of the chimney drain, then dropped 
through the drain to the top of engineered fill in the foundation. The piezometric surface was 
held at this elevation from the chimney drain to beyond the downstream toe of the 
embankment. 

lope, 3:1, static, PMF 

Downstream slope, 3: 1, steady state 

Critical circles were reviewed for the static, steady seepage case at probable maximum flood 
(PMF) and one-half PMF levels with and without seismic acceleration on the upstream and 
downstream slopes, and for the rapid drawdown case on the upstream slope. The critical 
surfaces for the upstream and downstream sides of the embankment are either shallow, 
circular surfaces passing through the slope toe, or shallow, circular surfaces on the slope. 
These cases either intersect the slope crest just at the top of slope or do not intersect the crest 
of the slope. 

seepage at PMF water level 

Downstream slope, 3:l slope, steady 
state seepage, seismic acceleration 

Notes: 

All factor of safety values reported for PMF water level. 
b 

Target factors of safety based on Soil Conservation Service specified 
values (SCS, 1985). 

1.1 1.9 



A seismic acceleration of 0.1 times the acceleration of gravity was used to estimate the 
stability during an earthquake. UTEXAS3 applies a pseudo-static force of 0.1 times the 
weight of the potentially sliding soil mass to the slope acting in a displacing direction to 
represent the force of a potential earthquake. 

Our stability analysis indicates that should the basin stay full of water for several days and 
there is significant seepage of water into the dam, instantaneous removal of water may cause 
upstream slope failure. This may not be a serious concern because the basin will not normally 
stay full and then be rapidly drawn down. Our stability analysis assumed that the reservoir 
would remain full until a steady state seepage condition developed (approximately 10 days), 
then the reservoir was instantaneously dropped to 112 the full level. The results of our very 
conservative assumptions meet the target requirements. 

Seepage Analysis 

This section presents our analysis of the potential for seepage to enter the dam from the 
reservoir. This analysis is based on our current understanding of how the dam will be 
operated. Water will fill the reservoir while the ungated low level outlet continuously 
discharges. If there is a large storm, the reservoir will fill and continuously discharge through 
the ungated low level outlet works plus over the spillway. 

Seepage into the Dam 

Water from the reservoir will seep into the dam due to its presence in the reservoir and the 
relatively high permeability of the embankment. Based on laboratory permeability tests, we 
estimate the vertical compacted permeability at 5 x cdsec.  Using a Darcy's Law seepage 
model, water will penetrate the dam in response to water pressure at a velocity equal to the 
effective permeability times the gradient divided by the porosity. Because the flow is initially 
unsaturated, it is very difficult to exactly predict the rate of water penetration into the dam, 
however, with the simple Darcy model we estimate that it will take between 5 and 10 days for 
the water to reach the proposed chimney drain. 

Calculations of seepage quantity were made assuming a horizontal permeability equal to 5 x 
cdsec .  A flow net was created and the calculated seepage into the chimney drain was 

390 gallons per minute for a 400 feet length of dam. This value probably has an accuracy of 
plus or minus 25 percent. The seepage will be collected by the chimney drain and two slotted 
PVC pipes. Two 8-inch PVC pipes will convey the seepage from the chimney drain. 

Chimney Drain Gradation 

Calculations were made for the chimney drain gradation based on all the gradations of native 
soil tested. There is a fairly broad range of natural soil present although it is all called silty 
sand. Using normal filter criteria for the D-15 size of the filter the following gradation was 
developed. 



The gradation below should be checked during final design if any new information becomes 
available concerning the length of time water is allowed in the reservoir or the material that 
will go into the dam. 

Sieve Size 
2-inches 
1-inch 
314-inch 
112-inch 
114-inch 
No. 4 
No. 8 
No. 16 

% Passing 
100 
70-100 
60-100 
50-90 
15-65 
5-55 
0-35 
0-15 

Seepage Out of Dam 

During drawdown, water will seep out of the dam into the reservoir. This should be done 
only as fast as the orifice outlet allows, otherwise pore pressures will build up in the 
embankment. Should the 24-inch slide gate be opened and drawdown greater than about 4 
feet per day occur in the upper zone of the reservoir, some surface slope stability problems 
could occur. The magnitude of sloughing will depend on the depth of water penetration into 
the dam and the ease with which the water can get out. Our slope stability analysis indicates 
that the factor of safety for rapid drawdown is approximately 1.2 for instantaneous drawdown 
of 112 of the reservoir. Since it is not physically possible to draw down the reservoir 
instantaneously some pore pressure dissipation will occur and the slopes should be stable. It 
is possible that low strength surficial soil could slough. This should be repaired with dozers 
so that the slope does not progressively deteriorate. 

Embankment Settlement 

This section presents the results of our settlement analysis of the proposed Casandro Wash 
Dam. The dam will be approximately 35 feet above the foundation level at its maximum 
section. This will produce a maximum bearing pressure of approximately 4550 psi? The 
foundation soils are partially cemented silty sand with a wide range of consistencies. The 
embankment will be made of the same materials excavated from within the reservoir. 

Calculations of settlement of the foundation and compression of the embankment were made 
using elastic theory. Compressions of 1 to 1.3 inches were calculated for both the 
embankment and the foundation. This means that the total settlement of the embankment 
crest is estimated to range from about 2 to 3 inches. These values are typical for small 
embankments on granular foundations. Most of the settlement should occur during and 
immediately after the embankment is completed. Some adjustments may also occur after the 
first major filling of the reservoir. Because of these settlements, we recommend the top of the 
dam be overbuilt by 6 inches to account for any post-construction settlement. 

There will be some variability in settlement as the thickness of the embankment and the 
foundation compressibility vary. It is intended that the core trench extend down to uniformly 



partially cemented soil and that no abrupt changes to the fill thickness occur. This will require 
that the abutments be trimmed back to form positive slopes flatter than 1:l. The overbuild 
can be put on the dam after it has been completed and no special slope transition is necessary 
near the dam crest. 

Spillway and Stilling Basin 

The spillway for the Casandro Wash Dam will consist of an 80-foot-wide opening in the center of 
the earthfill dam. The height of the opening is approximately 8.5 feet below the crest of the dam. 
Vertical walls will form the sides of the opening. An ogee crest will be constructed at 
approximately the centerline of the dam. Retaining walls approximately 11 feet high will form the 
sides of the chute. A stilling basin approximately 6 feet deep below the downstream channel invert 
will be constructed at the downstream toe of the dam. Dragons teeth concrete chute blocks will 
slow the water down and cause a hydraulic jump under the design flows. A concrete slab will form 
the floor of the chute and stilling basin. 

Spillway and Stilling Basin Walls 

The allowable bearing capacity was estimated for the spillway and stilling basin walls founded 
in the constructed embankment. Our analysis assumed a minimum foundation width of 4 feet, 
with its base 3 feet below the embankment surface. Based on these conditions, an allowable 
bearing pressure of 1,500 psf was calculated. Settlement is estimated at less than 1 inch 

The spillway wall will need to be designed to resist lateral loads from the embankment. For 
walls allowed to rotate, an active earth pressure of 60 psf per foot of depth was calculated. 
This pressure assumes embankment material is used as wall backfill and no hydrostatic 
pressure. An allowable passive resistance was calculated for the spillway walls. A value of 
175 psf per foot of soil depth is recommended. 

Stilling Basin Uplift 

Water will occupy the stilling basin from direct precipitation, flow from the outlet pipe, and 
flow over the spillway. The flow from direct precipitation and from the outlet pipe will be 
relatively calm flows and no hydraulic jump is anticipated. The water will simply fill up the 
stilling basin and go over the downstream lip of the stilling basin into the natural stream 
channel. The stilling basin will gradually drain through the low level gravity outlet at the 
bottom of the stilling basin. 

When the spillway operates at the design flow of 0.5 PMF, a hydraulic jump will occur in the 
stilling basin. The hydraulic jump will appear as a series of waves which rise up to a maximum 
water depth of approximately 10.6 feet based on the hydraulic calculations. We understand 
that no rip rap will be provided so significant erosion will occur when the flows are high 
enough to carry off the sandy soil. A concrete cutoff wall has been provided to minimize 
scour from undermining the stilling basin. As the spillway operates water will tend to seep 
into the ground downstream of the stilling basin. Seepage will move under the cutoff wall and 
may reach the underside of the stilling basin floor. This condition will take one or more days 



to develop if the ground is dry but if the outlet has been flowing for a couple of days then the 
ground will already be partially saturated and the seepage pressures will develop much 
quicker. 

The magnitude of the seepage or uplift pressure could equal the maximum water surface in the 
hydraulic jump which was taken to be Elevation 2134.6. With the floor of the stilling basin at 
Elevation 2122.5, the maximum uplift pressure is estimated to be 755 psf. This force will be 
resisted by the weight of the concrete and overlying water in the stilling basin. 

The calculated pressure distributions under the stilling basin are shown in the calculations in 
Appendix A. For the specific water surface and hydraulic jump shape shown, the factors of 
safety against uplift were plotted. With no drainage, the factor of safety was 0.4 in one area 
of the basin and safety factors below one were calculated for quite large areas. It would take 
up to approximately 3 additional feet of concrete added to the floor to resist the undrained 
uplift pressures. The cost for the added concrete is on the order of $20,000 to $30,000. This 
is much higher than for an underdrain system and therefore an evaluation was made of the 
uplift pressures with an underdrain system. 

The attached calculations show the general layout for relieving pressures under the stilling 
basin and part way up the spillway chute. A 12-inch thick layer of granular filter material 
similar to the chiminey drain material would be placed under the horizontal portion of the 
stilling basin and up to Elevation 2134 on the spillway chute. Several slotted PVC pipes 
would be placed in the drain material to convey the seepage water to an outlet located in the 
chute wall at the invert Elevation 2126.0 This drain pipe would have no valves and would 
only require a screen to prevent rodents from eating and nesting in the pipe. When the 
spillway operates the pipe would not have any flow until the hydraulic pressure under the slab 
was equal to Elevation 2126. Based on the attached figures the minimum factor of safety 
would be 1.3 with the underdrain system normally operating. Should the system deteriorate 
due to contamination of the filter material with silt then the safety factor could drop to 0.8 
over a small area of the basin, however this possiblilty is quite low and any silt that enters the 
underdrain will likely flush out when the seepage water is discharged. this is an appropirate 
system for the low frequency that the spillway will be used. 

Spillway Chute Uplift 

The soil underlying the spillway chute will be embankment material which is a silty sandy soil. 
The spillway will have a 3: 1 slope. The concrete slab will have joints with waterstop material 
so that seepage through the joints will not occur. The only way seepage could get under the 
slab is if cracks occur and water seeps into the underlying embankment. This condition is very 
undesirable because the water could migrate along the soil-concrete interface and build up 
hydrostatic pressure which could cause the slab to crack or be lifted up. The 12-inch slab can 
only resist 2.4 feet of water pressure before it is lifted, therefore it is very important that the 
seepage pressure be minimized under the chute slab. 

An 8-inch thick granular filter drain will be provided under the chute slab. This zone will 
convey seepage water to outlet pipes extending through the chute walls. The outlets will be 



positioned sufficiently high on the walls to prevent backflow of the water in the chute. The 
drainage layer will also serve an important function of providing a surface on which to place 
the rebar and concrete. The sandy embankment soil would be severely disturbed and hard to 
walk on without a granular drainage layer. The drainage layer will also serve as a filter to 
prevent silt particles from being sucked up through cracks in the slab. This would occur if 
negative pressures developed at vertical offsets in the slab and soil particles were sufficiently 
small to be carried up through the cracks. 

I 
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Recommendations and Considerations 

This section presents geotechnical considerations and recommendations for construction of 
the embankment dam, reservoir, spillway, and stilling basin, and associated pipes and 
roadways. These recommendations are for use in preparation of the contract documents. The 
following design considerations are discussed in the following section: 

Site preparation 
Reservoir grading 
Foundation excavation, preparation, and treatment 
Borrow sources 
Earthfill dam construction 
Spillway and stilling basin 
Outlet pipes 
General construction considerations 

Recommendations include terms which are defined as follows: 

Relative Compaction. Relative compaction is the ratio (expressed as percent) of the field- 
compacted dry density to the laboratory maximum dry density determined in accordance with 
ASTM D698. 

Well-Graded. Well-graded is a term used to define a mixture of particles sizes that has no 
specific concentration or lack thereof, of one or more sizes. Well-graded does not define a 
numerical value that must be placed on the uniformity coefficient, coefficient of curvature, or 
other specific grain size parameter. Well-graded is used to define a material type that, when 
compacted, produces a strong and relatively incompressible soil mass free from detrimental 
voids. 

Optimum Moisture Content. optimum moisture content is the soil moisture content 
determined by ASTM D 698 for maximum dry density for relative compaction. 

Site Preparation 

Trees, bushes, and ground cover in the vicinity of the embankment, borrow area, and reservoir 
slopes, should be cleared and grubbed. There is construction debris located throughout the 
site, primarily along the south slope of the basin and the right dam abutment. This material 
will need to be removed and properly disposed of offsite. 

The upper 6 to 12 inches of soil at the site will contain root balls and vegetative mater. This 
material should be stripped prior to basin excavation, major roots and deleterious materials 
removed, and used for final grading of the basin floor. 



Reservoir Grading 

We recommend that the detention basin slopes be graded to 3H:lV (horizontal to vertical) to 
reduce sloughing due to reservoir drawdown. Where possible, the slopes should be cut to 
meet grade requirements. If fill is required to meet minimum grade, the loose soil on the 
existing surface should be removed. This loose soil could be up to 2 feet thick in some areas. 
The slope should be cut in a series steps to allow for proper compaction of the new fill into 
the existing slopes. Thin sliver fills should not be constructed. If necessary, overexcavation 
of the slope should be performed to allow construction of the basin slope fills in horizontal 
lifts. 

Fill for the basin slopes can be obtained from material excavated from the basin bottom. This 
material is typically a well graded sand or silty sand. The basin side slope fill should be 
deposited in loose lifts no greater than 8-inches thick and compacted to 95 percent relative 
compaction and between -2 and 1-3 percent of optimum moisture content. 

Foundation Excavation 

We recommend that the dam embankment be founded on the very dense or cemented material 
located at the site. Based on our exploration, we estimate that 7 to 12 feet of material below 
the embankment footprint will need to be removed. Figure 2 shows the estimated depth to 
foundation material at the dam centerline. Less excavation should be required for the 
upstream portion of the dam. The final depth of excavation will need to be determined during 
construction by the Engineer. 

The foundation excavation will have to continue laterally into the dam abutments until the 
cemented material is encountered. We estimate that the abutment keyway may extend up to 
15 to 30 feet horizontally into the current side slopes. Excavations into the abutments should 
not be steeper than 1H:IV so that rapid changes in embankment do not occur. We 
understand it is the District's intent to buy the property on the right abutment prior to 
construction, then sell or use property after the project is completed. Care should be taken to 
protect the existing structures on this property. The existing shed and chicken coop may need 
to be removed to construct the dam, as they are located at the edge of the abutment. 

After excavation is completed and prior to placement of any backfill, the exposed surface 
should be observed by the engineer. Any soft or loose material should be removed. All 
excavations should be free of standing water. If necessary, dewater the site to maintain a 
water table a minimum of 2 feet below the excavation level. 

Borrow Sources 

The borrow material for the dam and reservoir grading will come from the detention basin 
area. This material is typically a dry, medium dense to very dense well graded sand with 
gravel and silt. The amount of silt and gravel is variable throughout the site. Because of the 
dry condition of the borrow soil we recommend that the borrow area be prewetted prior to 
excavation. Prewetting of the borrow soil will take several weeks of continuous watering 
with irrigation type sprinkler equipment. 
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There were no borrow sources located onsite for chimney drain material, rip-rap, road base, 
or concrete aggregate. These materials will need to be procured from offsite commercial 
sources. 

Earthfill Dam Construction 

We recommend that the dam be a homogenous earthfill dam constructed of the silty sand 
excavated from the basin site. The dam should be constructed with 3H: 1V or flatter slopes 
both upstream and downstream The crest width of the dam should be a minimum of 14 feet 
across. The dam should have a minimum 12-foot-wide keyway extending a minimum of 2 feet 
below the foundation level into dense cemented soil. The dam should be constructed with a 
central chimney drain along the entire length of the dam. This chimney drain should extend a 
minimum of 6 feet below the foundation level. A typical cross section of the proposed dam is 
shown in Figure 3. 

Embankment Fill 

Embankment fill should consist of the silty sandy soil excavated from the basin bottom. Any 
zones of clean sand or gravel encountered should be well mixed with the silty material prior to 
placement as embankment fill. This soil should be free of any deleterious material or particles 
larger than 3 inches in greatest dimension. Embankment fill should be deposited in loose lifts 
no greater than 8 inches thick. This material should be compacted to an average of 98 percent 
relative compaction and a minimum of at least 95 percent relative compaction and between -2 
and +3 percent of optimum moisture content. 

Prior to placement of embankment the foundation material should be scarified to a depth of 6 
inches, moisture conditioned, and compacted to a firm and unyielding condition. 

We have estimated the settlement of the embankment and underlying foundation material at 
about 2 to 3 inches. Most of the settlement should occur during and immediately after the 
embankment is completed. Some adjustments may also occur after the first major filling of 
the reservoir. Because of these settlements, we recommend the top of the dam be overbuilt by 
6 inches to account for any post-construction settlement. 

Chimney Drain 

We recommend that a 4-foot-wide chimney be constructed 2 feet downstream of the dam 
centerline, as shown in Figure 3. Based on our seepage analysis, the chimney drain material 
should be free from clay, organic matter, or other deleterious material and meet the following 
gradation: 





Sieve Size 
2-inches 
1-inch 
314-inch 
112-inch 
114-inch 
No. 4 
No. 8 
No. 16 

% Passing 
100 

The chimney drain should be constructed at the same time the embankment is constructed. 
The chimney drain material should be deposited in loose lifts not greater than 8 inches thick 
and compacted to at least 90 percent relative compaction. A 8-inch slotted Schedule 80 PVC 
should be installed in the bottom of the chimney drain. This pipe will collect the water in the 
drain and convey it to the downstream face of the dam. A minimum of 2 solid PVC pipes, 8 
inches in diameter, should be installed to convey the water from the drain into the spillway. 
The location where the pipes outlet the dam should be designed to be accessible for future 
inspections 

Spillway and Stilling Basin 

The spillway for the Casandro Wash Dam will consist of an 80-foot-wide opening in the 
center of the earthfill dam. The height of the opening is approximately 10.7 feet below the 
crest of the dam. Vertical walls will form the sides of the opening. An ogee crest will be 
constructed at approximately the centerline of the dam. Retaining walls approximately 11 feet 
high will form the sides of the chute. A stilling basin approximately 6 feet deep below the 
downstream channel invert will be placed at the downstream toe of the dam. Dragons teeth 
concrete chute blocks will slow the water down and cause a hydraulic jump under the design 
flows. A concrete slab will form the floor of the chute and stilling basin. 

Foundation Parameters 

Spillway Entrance Walls and Footings 

At the crest of the dam beneath the ogee crest a cutoff wall should be constructed under the 
concrete slab extending to a depth of 5 feet below the base of the slab. Laterally, the cutoff wall 
should extend 8 feet beyond the outside of the chute walls into the embankment fill. To the extent 
possible this wall and all footings in the spillway entrance area should be poured neat against 
compacted embankment material. All wall footings should be sized for a vertical dead load 
pressure not to exceed 1500 psf with a one third increase allowed for short term loading caused by 
wind or seismic forces. Where footings will be close to the upstream face of the dam the footings 
should be buried sufficiently deep to allow their zone of influence to be entirely within the 
embankment and not closer to the upstream face than 4 feet. This will allow for some erosion and 



still provide for adequate embedment. The footing influence zone is a line at 1 horizontal to 1 
vertical downward and outward Eom the base of the footings. 

Entrance walls allowed to rotate should be designed for an active earth pressure of 60 pcf per foot 
of depth. These walls will have compacted embankment backfill with no drainage system. Water 
will seep behind the walls when the spillway is operating. The water will seep out as the reservoir 
drains. No large unbalanced water pressures are anticipated. 

Chute Walls 

Drainage will be provided under the chute floor slab with an 8-inch thick granular material. This 
drainage layer will wrap around the wall footing and up the chute walls about 2 feet and will 
prevent hydrostatic pressure From occuning in the chute wall backfill. The chute walls should also 
be designed for an earth pressure of 60 psf per foot of depth. The drainage system for the chute 
slab will tie into the chimney drain near the top of the chute. Other outlet pipes will be provided 
near the main construction joints. 

Stilling Basin Walls 

The soil backfill behind the walls may become nearly saturated when the stilling basin is operating 
at maximum flow but the soil should drain as the water in the stilling basin drains. With no water in 
the stilling basin the lateral earth pressure is anticipated to be 60 psf per foot of depth. Backtill soil 
unit weight is approximately 115 pcf. Should a passive condition be analyzed, the allowable 
passive resistance is 175 pcf per foot of soil depth. 

An underdrain system is planned for the floor of the stilling basin which will remove uplift pressure 
on the floor slab. No weep holes will be required in the floor slab. Water will exit the underdrain 
system through pipes that penetrate the stilling basin walls. 

Sliding resistance can be computed by multiplying the footing pressure by a friction coefficient of 
0.5. 

Stilling Basin Uplift 

The potential exists for uplift on the stilling basin floor slab and sloping chute slab caused by 
groundwater in the vicinity of the stilling basin. To prevent uplift of the concrete slabs, there 
should be a cutoff wall around the three downstream sides of the stilling basin extending to a 
depth of 10 feet below the wash channel invert. This wall will decrease the flow of water 
toward the stilling basin floor and act to prevent undermining erosi0n.A 12-inch thick layer of 
granular filter material similar to the chiminey drain material would be placed under the 
horizontal portion of the stilling basin and up to Elevation 2134 on the spillway chute. 
Several slotted PVC pipes would be placed in the drain material to convey the seepage water 
to an outlet located in the chute wall at the invert Elevation 2126.0 This drain pipe would 
have no valves and would only require a screen to prevent rodents from eating and nesting in 
the pipe. When the spillway operates the pipe would not have any flow until the hydraulic 
pressure under the slab was equal to Elevation 2126. 



Spillway Chute Recommendations 

The soil underlying the spillway chute will be embankment material which is a silty sandy soil. 
The spillway will have a 3: 1 slope. The concrete slab will have joints with waterstop material 
so that seepage through the joints will not occur. The only way seepage could get under the 
slab is if cracks occur and water seeps into the underlying embankment. This condition is very 
undesirable because the water could migrate along the soil-concrete interface and build up 
hydrostatic pressure which could cause the slab to crack or be lifted up. The 12-inch slab can 
only resist 2.4 feet of water pressure before it is lifted, therefore it is very important that the 
seepage pressure be minimized under the chute slab. 

An 8-inch-thick granular filter drain will be provided under the chute slab. This zone will 
convey seepage water to outlet pipes extending through the chute walls. The outlets will be 
positioned sufficiently high on the walls to prevent backflow of the water in the chute. The 
drainage layer will also serve an important function of providing a surface on which to place 
the rebar and concrete. The sandy embankment soil would be severely disturbed and hard to 
walk on without a granular drainage layer. The drainage layer will also serve as a filter to 
prevent silt particles from being sucked up through cracks in the slab. This would occur if 
negative pressures developed at vertical offsets in the slab and soil particles were sufficiently 
small to be carried up through the cracks. 

Piping Through the Embankment 

There will be 4 new pipes passing through the new embankment. These include a relocated 
sewer line, the low flow outlet pipe, and 2 pipes that drain the chimney drain. Except for the 
sewer pipe, all the new pipes will be constructed in the embankment fill. The sewer line may 
be installed in the foundation soil below the final foundation excavation level. For pipelines 
installed within the embankment fill, the embankment should be constructed to a level 2 feet 
above the top of the pipe. The pipe trench can then be excavated and the pipe installed in the 
trench. 

The sewer line is a 12-inch ductile iron pipe that will be installed approximately 10 feet below 
the existing ground surface just to the south of the spillway. If the sewer line is installed 
below the foundation excavation level, it should be backfilled up to the excavation level with a 
concrete slurry. If the sewer pipe is installed within the embankment fill, the trench should be 
excavated as stated above. Backfill should consist of concrete sluny up to a height of 1 foot 
above the top of the pipe. The remaining trench should be backfilled with embankment fill. A 
cutoff wall may be required where the pipe passes through the chimney drain. 

The low flow outlet pipe is a 36-inch-diameter reinforced concrete pipe. Backfill for this pipe 
should consist of concrete sluny up to the top of the trench from the upstream face to 4 feet 
downstream of the chimney drain. From that point until the spillway, the pipe backfill should 
be drain material similar to the chimney drain. 

The outlet pipes for the chimney drain consist of 8-inch concrete or PVC pipes. Backfill for 
these pipes should be the same as for the low flow outlet. 



General Construction Considerations 

It is neither the intent of this report, nor within the scope of the geotechnical work, to 
recommend construction methods or procedures. For the proposed project, it is the 
responsibility of the Contractor to use sound construction methods and procedures in 
accordance with the strictest government safety standards. 

Variations in soil and geologic conditions are possible and may be encountered during 
construction. We recommend that a geotechnical engineer be retained to provide engineering 
services during construction of the work. This is to observe comvliance with the intent of the .. 
design concepts, specifications, or recommendations, and to allow design changes in the event 
that subsurface conditions differ from those anticipated prior to start of construction. 

Excavation 

The predominant materials occurring along the pipeline alignment are sand and silty sand with 
gravel with weak to strong cementation. This material was excavated with a CAT EL200B 
excavator during field exploration. Excavation of this material using conventional excavation 
equipment should be possible. There were several areas in the basin where very strongly 
cemented materials caused difficulty with backhoe excavation. At these locations, specialized 
excavation equipment may be required. Drilling and blasting excavation methods should not 
be allowed because of the proximity of the existing homes and buildings to the project site. 

Any temporary sloping, sheeting, or shoring of trenches and structure excavations should be 
made the responsibility of the Contractor. All excavations should be accomplished in 
accordance with applicable federal, state, and local standards. 

Ground and Surface Water 

Groundwater is not expected to be encountered in the pipeline and foundation excavations. 
However, surface water could be a problem during construction. Heavy runoff during and 
after rainfall should be diverted from excavations. The Contractor should protect the exposed 
subgrade and all partially completed portions of the project from ponding the water. 



References 

Anderson, L. 1994. Telephone conversation with Larry Anderson1 USBR. April 4, 1994 

ATC, 1978. Seismic Design Guide for Highwq Bridges. Federal Highway Administration, 
Department of Transportation, Contract No. DOT-FH-I 1-9295. 

Bonilla,, M.G., Mark, R.K., and Lienkaemper, J.J., 1984. Sfatistical Relations Among 
Earthquake Magnitude, Surface Rupture Length and Surface Fault Displacement. Bulletin 
of the Seismological Society of America, Volume 74, No. 6 December, 1984 

Chronic, H. 1983. Roadside Geology of Arizona. Mountain Press Publishing Company. 
Missoula, Montana. 

Demsey, K.A. and Pearthree, P.A., 1990. Later Quaternary Surface-Rupture History of the 
Sand Tank Fault, and Associated Seismic Hazard for the Proposed Superconducting Super 
Collider Site, Maricopa County, Arizona. Arizona Geological Survey Open-File Report 90-1 

FEMq 1988. NEHRP Recommended provisions for the Development of Seismic 
Regulations for New Buildings. Building Seismic Safety Council for the Federal Emergency 
Management Agency. October 1988. 

Sanger, H.W. and C.L. Appel. 1980. Maps Showing Ground-Water Conditions in the 
Hassayumpa Area, Maricopa and Yai~apai Counties, Arizona-1978. U.S. Geological Survey 
Water-Resources Investigations Open-File Report 80-584. 

SCS, 1985. Earth Dams and Reservoirs. Technical Release No. 60, 210-V1, U.S. 
Department of Agriculture, Soil Conservation Service, Engineering Division, October, 1985. 

Scarborough, R.B., Menges, C.M., Pearthree, P.A. 1986. Late Pliocene-Quaternary (Post 4 
M.Y.} Fatrlts, Folds, and Volcanic Rocks in Arizona. Arizona Bureau of Mines and Geology, 
Map 22. 1986. 

USBR, 1976. Dynamic Analysis of Embankment Dams. Figure 2.19, page 2-42 , (after 
Schnabel and Seed). 

USBR, 1986. Seismotectonic Conchrsions for Final Design Data, New Waddell Dam - 
Central Arizona Project, Arizona. Memorandum from Chief, Geologic Services Branch 
United States Bureau of Reclamation, July 15, 1986. 





M E M O R A N D U M  W H I U  

TO: File 
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SUBJECT: Stability Calculations, Casandro Wash Detention Basin, Wickenberg, 
Arizona 

PROJECT: SWW35441.GT.40 

The Casandro Wash Detention Basin in Wickenberg, Arizona, is proposed as an engineered 
earthfill embankment. The embankment will have a 3 (horizontal) to 1 (vertical) slope on the 
upstream side and a 3:l slope on the downstream side. The embankment will consist of soil 
material processed at the site and will essentially be a well graded sand that may have a small 
clay content. A chimney drain zone will consist of a cleaner sand. An ogee weir spillway is 
proposed over the top of the embankment. 

The analyses were performed for the maximum vertical section of the embankment only. It is 
assumed that all other, shorter, sections are at least as safe as the tallest section for the modes 
of 2-dimensional stability considered. The following topics are presented in these 
calculations: 

. Material strength selection 

. Upstream embankment slope stability 

- Static, steady seepage at full PMF water level 

- Rapid drawdown from full PMF water level 

- Steady state seepage at full PMF water level during earthquake 

Downstream embankment slope stability 

- Steady state seepage at full PMF water level 

- Steady state seepage at full PMF water level during earthquake 



Material Strength Selection 

A series of shear tests were performed on remolded samples. The shear strength of each 
sample was estimated using a direct shear test with three normal loads. The sample was 
sheared to failure for each loading. The normal and shear stresses were computed from the 
normal and shear forces applied to the samples. The shear strengths from these tests and the 
design shear strength are presented in Table 1. The laboratory data is presented in 
Geotechnical Report, Volume I ,  Field and Laboratory Data. 

These shear tests were performed on the sand sized portion of the samples. Grain size index 
tests were performed on 24 samples. The percentage by weight of these samples larger than 
the sand size ranges from 10 to 60 percent. The maximum gravel size in these samples was 2 
inches, with the gravel size ranging from 0.75 to 2 inches. The soil used for the embankment 
shells will be a gravelly sand or sandy gravel and is expected to have a higher shear strength 
than that used in these calculations. A unit weight of 120 pcf was used for all material placed 
in the foundation and embankment. 

Table 1 
Summary of Laboratory and Design Shear Strengths 

Casandro Wash Detention Basin 
Wickenberg, Arizona 

Sample 

TP-2, B-1, 3 fi 

TP-4, B-2, 14 A 

TP-8, B-2, 15 ft 

TPll ,  B-3, 14 fi 

TP-12, B - l , 4  fi 

TP-13, B - l , 4  A 

Average valuea 

Design value for 
engineered fill 

Notes: 
a Considers 5 values, average does not include phi = 27, c = 1.55 ksf strength value. 

ASTM Soil 
Classification 

SW 

SW-SM 

SW-SM 

SM 

SM 

SP-SM 

Shear Strength 

Friction Angle 
(degrees) 

39 

45 

40 

45 

27 

45 

42.8 

40 

Cohesion 
(kips per square foot) 

0 4 

0.0 

0.5 

0.0 

1.55 

0.0 

0.2 

0.0 



A shear strength of phi = 40 degrees and c = 0.3 ksf was used for the undisturbed foundation 
soil. A 130 pcf unit weight was used for the undisturbed foundation soil. 

Embankment Slope Stability 

Slope stability estimates were made with 2 methods. The computer program UTEXAS3 was 
used to locate the potential sliding surface through the soil mass with the least factor of safety. 
Two of the least factor of safety values determined by the computer program were verified 
with a chart stability solution. Factor of safety is used to characterize each surface considered 
for stability. The factor of safety is the ratio of the sum of the stabilizing forces (soil strength) 
in the slope to the destabilizing forces (soil weight, seepage forces, seismic loading). The 
factor of safety must always be greater than 1 or the analysis represents an unstable condition. 
Target factor of safety values greater than 1 are used as a guide to determine the acceptability 
of each minimum factor of safety case. The computed and target factors of safety are 
presented in Table 2. 

Presentation of UTEXAS3 Computer Program 

Spencer's method of slices was used by the UTEXAS3 computer program to compute the 
factor of safety for each trial case. 100 to 200 individual cases were considered during each 
computer run and the lowest reported as the critical factor of safety for the case represented 
by the particular coniputer run. Spencer's method of slices is a slope stability solution method 
that divides the mass being considered in the analysis into slices, and assumes that the side 
force acting between slices acts at a constant angle for all slices. The program assumes the 
interslice force angle and computes the other forces acting on the slice from the material 
properties and geometly specified. Prints for output representing the critical, lowest factor of 
safety circle for each case is attached and is explained below. 

Program Logic for Solution and Automatic Searclt 

An initial trial circle is specified by the user. The program computes solutions for circles with 
centers on a 3 by 3 grid centered around this initial circle. User input indirectly establishes the 
grid spacing. The program "focuses" on centers that represent lowest relative factors of 
safety and selects additional circles on progressively closer centers about these. This search 
logic leads the program toward the circle with the least factor of safety. 

UTEXAS3 goes through this process based on 3 different, successive, circle identification 
criteria. The order of these 3 successive searches may be established by the user or the 
program default. The program uses the lowest factor of safety circle from each circle 
identification criteria series to begin the search in the next series. The previous lowest factor 
of safety circle will be the center of the initial search grid in the next search. The program 
repeats the search for the lowest factor of safety by focusing on the lowest factor of safety 
centers. When the lowest factor of safety is determined for the second search, this circle is 
used as the center of the third and final criteria search. The 3 criteria searches and UTEXAS3 
output table numbers where they are reported are listed below: 



. All trial circles pass through the same point, Table No. 17 . All trial circles are tangent to the same horizontal line, Table No. 18 . All trial circles have the same radius, Table No. 19 

When the third search is complete UTEXAS3 prepares a report (Table No. 21) that 
summarizes the number of circles tried and the number of circles for which a factor of safety 
was computed. This report also includes the center and radius of the lowest factor of safety 
determined in the three successive circle identification criteria searches. 

Table 2 
Summary of Slope Stability 

Casandro Wash Dam Embankment 
Wickenberg, Arizona 

Explanation of Program Input 

Case 

Upstream slope, 3: 1, 
static, PMF water level 

Upstream slope, 3:1, 
seismic acceleration, 
PMF water levela 

Upstream slope, 3:1, 
rapid drawdown from 
PMF water level 

Downstream slope, 3: 1, 
steady state seepage at 
PMF water level 

Downstream slope, 3: 1 
slope, steady state 
seepage, seismic 
acceleration 

The information input to describe slope geometry, loading conditions, and material properties 
is listed in the first several report tables in the attached output. The geometry is described 
with a series of line segments. For each line segment the X and Y coordinates for each end 
point and the material type below the line segment are specified. Material properties are 

Notes: 
a All factor of safety values reported for PMF water level. 

Target factors of safety based on Soil conservation Service specified values. 

Factor of Safetya 

~ a r ~ e t ~  

1.5 

1.1 

1.2 

1.5 

1.1 

Estimated 

2.7 

1.5 

1.2 

2.7 

1.9 



stated for each material type. An explanation is provided below for each table in the attached 
output that describes the input. The tables are not necessarily in ascending numeric order, and 
some numbers may be missing. The solutions for Casandro did not require the full capacity of 
the computer program. 

Table No. 1. This table presents program identification and a user description of the 
problem. 

Table No. 2. Presents the profile line data that describes the slope geometry and soil profile. 
Each profile line is a series of line segments associated with a single material type. 

Table No. 9. Table 9 presents the slope geometry for the slope. In the UTEXAS3 jargon, 
slope geometry is the uppermost of profile lines that describes the ground surface and top of 
embankment. In the cases considered for Casandro this is a simple relationship. This data in 
this table can be specified by the user or computed by UTEXAS3. 

Table No. 10. Surface pressure data is reported in this table. In the Casandro runs surface 
pressure was used to represent the weight of impounded water on the upstream bottom of 
basin and upstream embankment slope. The values were computed as the depth of water 
times the unit weight of water at key points required to describe the water becoming 
shallower towards the top of the embankment. 

Table No. 3. Material properties input by the user are reported for each material in Table 3 

Table No. 5. The input piezometric surface is reported in this table. The piezometric surface 
specified in the Casandro runs is coincident with the PMF water level in the basin upstream of 
the embankment. The piezometric surface curves downward through the embankment to the 
sand drain, where it drops nearly vertically to the bottom of the embankment elevation. The 
piezometric surface stays at this elevation beneath the downstream embankment shell, 
daylighting at the downstream embankment toe. 

Table No. 15. Location information describing the user specified initial circle for the first 
automatic search is reported in Table 15. The minimum-spacing-between-grid-point value is 
used to determine the "fineness" or smallest spacing of the search. The initial-search-grid 
spacing is also determined by this input value as 30 times the minimum spacing. Comparing 
this value to the X and Y spacing in the first several lines of Table No. 17 shows this 
relationship. 

Explanation of Program Output Generated by UTEX4S3 

The tables described below present information that the UTEXAS3 program computes from 
the geometry and material property information described above. 

Table No. 17. Table 17 reports 6 pieces of information for each trial surface for which the 
program completes a computation. This table reports computations based on all circles 
passing through the same point. 



Table No. 18. In Table 18 the same 6 pieces of identifying information is reported for each 
trial surface, but the criteria for the circles is that all are tangent to the same line. 

Table No. 19. Table 19 is similar to Table 17 and 18. The search criteria common to the 
circles reported in Table 19 is that they all have the same radius. 

Table No. 21. Table No. 21 identifies the most critical circle (with the lowest factor of 
safety) from the 3 search criteria computation series. UTEXAS3 will issue a caution 
statement at the end of this table if some circles that were attempted could not have factors of 
safety computed. This is not an error message and alerts the user that the "number of circles 
tried" does not equal the "number of circles factor of safety computed for" as reported in 
Table No. 21. Review of the circles reported in Tables 17, 18, and 19 will reveal the reason 
for which factors of safety could not be computed for particular circles. 

Table No. 26. Material properties that apply to the critical circle at the base of each slice, 
slice weight, and pore pressure at the base of the slice are reported in Table 26. The X and Y 
coordinates determined by the program for the right and left sides and the center of each slice 
are reported. 

Table No. 27. Seismic forces and forces due to surface pressures acting on each slice in the 
critical circle are reported in this table. 

Table No. 29. Corrections the program applies to the assumed side-force magnitude and 
direction are reported in this table for the circle reported with the lowest factor of safety in 
Table No. 21. 

Table No. 38. Stresses along the bottom of the slices in the critical circle are reported in this 
table. These values are reviewed for reasonableness (i.e. no negative stresses acting on the 
base of a slice) for the critical circle. 

Table No. 39. Stresses between the slices in the critical circle are reported in this table. 
These also must be reviewed for reasonableness for the critical circle. 

Upstream Embankment Stability 

Three cases were considered for the upstream embankment. The cases and computation 
results for each are presented below. All of the stability computations indicated adequate 
factor of safety for the full PMF condition. This represents a water level that may never be 
experienced by the embankment. 

Static, Steady Seepage 

This case is represented by the piezometric line described above for Table No. 5. Water is 
modeled impounded to the full PMF level. The factor of safety for this case is 2.7. 



Seismic Acceleration at Full PMF 

This combination of events occurring simultaneously is an extremely rare event that will most 
likely not occur during the life of the embankment. However, the factor of safety from a full 
PMF and a seismic acceleration of O.lg loading the embankment simultaneously is 1.5 on the 
upstream slope. 

Rapid Drawdown from Full PMF 

The rapid drawdown drainage condition was modeled in UTEXAS3 by reducing the surface 
pressure representing the weight of water and setting the piezometric surface equal to the 
upstream embankment slope surface elevation from the PMF elevation, down the slope to % 
the PMF elevation, and across the basin away from the embankment. This condition would 
only develop if the basin was at the full PMF level long enough for steady state flow 
conditions to develop through the embankment. The critical surface is a shallow slip in the 
upstream slope. This same critical slip was identified for rapid drawdown from the 112 PMF 
and 100-year water levels also. The two latter cases are not presented since the only 
difference is the top elevation of the piezometric surface. The factor of safety is 1.2 on the 
upstream slope. This factor of safety is equal to the target factor of safety of 1.2. 

The function of the detention basin is usually to be empty, only filling during storm flows in 
Casandro Wash. The basin serves as a temporary holding basin, with the primary use of 
flattening the storm hydrograph in the wash below the basin. Consequently the basin is only 
"hll" for a short time, and is constantly draining through the outlet works. The basin will be 
operated to empty by continuous draining as soon as it begins to collect water. The rapid 
drawdown critical surface is shallow, and is based on an analysis that models the basin being 
reduced to % full "instantly" after achieving steady state seepage through the embankment. 
Considering these factors, the factor of safety of 1.2 is considered acceptable for this 
embankment. 

Downstream Embankment Stability 

Two cases were considered for the downstream embankment. The cases and computation 
results for each are presented below. All of the stability computations indicated adequate 
factor of safety. Stability estimates were made for downstream slopes at 2:l and 3:l. All 
cases considered had adequate factors of safety. The project team selected a 3:l downstream 
slope during the week of August 9, 1994, so only cases for the 3: 1 slope are presented below. 

Static, Steady Seepage 

The piezometric surface does not affect the downstream slope since it drains into the chimney 
drain. The factor of safety for the 3: 1 slope is 2.7 

Seismic Acceleration 

Downstream slope stability for 0. Ig horizontal ground acceleration was computed. The factor 
of safety for a 3: 1 slope is 1.9. 
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1 L'tEXe51 - VER. L.tO7 - LOllJlPl - <C> l9BS-1991 5 .  G. YRXCHT 

Oatel lalOal995 111.. 14121.56 Input f i l s l  rdcls&n.trt 

InBLE Ha. L 
.......................................... 

COMPUTER PRDCROn DESIGNITID" - UTEIRSI I 
Orisin.llV Cqded BY StsPben C. Yrfsht  E 

Varslon No. $.LO7 
I L..t R."*.iO" 0.t. 10,13191 

" <C) C o w r l s h t  1185-199, 5 .  C. Yrlsnt . 
x A11 Right. R=s.~u.d 

"..****X**X**Xf"*..**************""*****.* 

****X*X**"***"****""***".~x****"**~*******"******************* 

+ RESULTS OF COrnPVTITIONS PERFORIIEO USING THIS COMPUTER x 

PROGRI)" SHOLhD NOT BE USED FOR DESIGN PURPOSES UNIESS THEY x 

WVE BEEN YERIFlED BI LHDEPEHOEHT INALISES, EIPERlnENTllL x 

0018 OR FIELD EXPERIE)ICE. THE USER SUOWD UNDERSTAND THE x 

ILGORITRIIS AND INRLITICAL PROCEDURES "5- IN THE COIIPUTER t 

PROGR~II AND n u n  RAM R E ~ O  RU. DOW~ENTI)TIOH FOR THIS R 

* PROGRAM BEFORE ITTEWTIHb 175 USE. 

X HEITHLI THE UNIVERSITY OF TEII)S NOR STEPHEN C. YRI6YT H 

M I L  OR .$$Sun< LIIBILIIY FOR U I  YWRINTIES, EXPRESSED OR % 

IIIPLIED, COKERNIHC THE ICCURIICY. RELIhBILITY. USEFULNESS x 
OR I D W T l B l L I I I  OF THIS COMPUTER PRDCROII. 

ThBLE NO. 2 
*****"*****"***""****"*"* 

NEY PROF,- LINE 011h . 
"*""******"**"*****"***"" 

PROFILE LINE L - "ATERIAL TIPE - I 
Ground lur<ace beyond dom.tr..+ toe 

PROFILE LlHE 2 - "ATERIAL TIPE - I 
Ground .ur<.c* beyond to. .bW. found.ti.n so,, 

PROFILE LINE I - I I I IERIRL TIPE - 1 

Domltr-u dam slona. crsst. usstra.. dam donc  

I PROFILE LlHE I - WATERllL TIPE - J 
ClD""d ,urf.c~ u0.trc.a .b.". 'aundrtl.," I.,, 

I PROFILE LINE 5 - IUITERIRL TYPE . 4 

OrDYnd lurtac. u..tr... b.YO"d to. 

PROFILE LINE 6 - lWTERlRL TYPE . 2 
Chinn*y drain  

PROFILE LlHE 7 - IIhTERIRL TYPE m I 
BOttS" 0' *a. .nbankm*nt. dornstre.. o f  Chi.".Y d?.'" 

PROFILE LlNE B - III)TERIIL TIPE . I 
Batto. O f  d.. nb.n*".nt. u..tr... 0' En, ln*r  d7.," 

Point I " 
L 1.500 50.000 

111.000 50.000 

PRDFlLE LINE 9 - I I ITERML TYPE . I 
Bottom 0' 'o"nd.tio" ..it .bow. "ndilturbrd "At,". so*, 

Point I " 
-8.000 50.000 

1.500 11.000 

I 94.000 11.000 
f O O _ W O  12.000 

5 Llt.000 12.000 
6 L12.0m 12.000 
7 115.000 43.000 

L17.000 .+.ooo 
9 210.000 .,.OW 

10 233.000 50.000 

M I  ncr Prof*,. I,".. d.'l".d - No OLd Lln*. r.t.3n.d 
UTEIRIJ - VCR. 1.107 - 10/L1191 - <E) ,985-lWl 5. b. YRlCHT 

Batat l1lOi1995 Tiass LI1tIi56 inout (11.1 rdc.san.txt 
CASANDRD YISH DEIENTlDN 8a511. Yichnburs. Irlzont. 
I., dOrn.tCI.. d.. ..b."*l."t 'lo.. 
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CISINDRD Y"9H DETENTION 81SIN. Wickenburs. Arlzonl. 
111 dom.tr... d.. ..b."X.."t .Lo.. 
U9str.a. 3. t  .less. R l P l D  DRRYOOYll. Yatar a t  1r2 dam hatshe, stel 

T6BLE NO. 1 
*..~**"""***""""*****"***""**"***"."**"***"*****"*x"***"*""*****~"***" 

" HEY MTERI IL  PROPERTI D M 1  - COHY&NIIONAL/FIRST-5TRDE COIIPUTITIOWS 
...................................................................... 

DWR FOR IIfiTERIhL TIPE 1 

enbank.=nt HI1 

CONVENTIOHIL (15OTROPIC) SHERR STREHbTHS 
Cohallon - - - - - - - - . O W  
FrtEt ion angle - - - - - 40.000 d.sracs 

COHVEMTIOHhL (ISOTROPIC) SWEW STRENGTHS 
COh(L.LM - - - - - - - - .om 
Fr lE t 'D"  .ns,* - - - - - ,O.OW d.9r.e. 

D61A FOR fiLTERI8L TIPE 3 
E D . S I C ~ . ~  + i l l  i n  cut o++ tr*ncn 

CONVENTlONeL (ISOTROPIC) SHEeR STRENGTHS 
COh..LO" - - - - - - - - ,000 
Frlct lon ."*IS - - - - - 10.000 d..r.., 

Par. I.*., Pr..lYr.l d.tln.a by .,.*on.tr'E I,". 
W".b*? of th. .*..o..tr,c ,in. "..d . L 
H.9.tlV. PO?. 0ra.sur.. ..t t o  z.7. 

DlTl FOR IIRTERIhL TIPE 4 

".ti"= .o,, 

811 ner ..t.r,., 0ron.rti.. d.fl".d - "0 Old d.t. V.t.'".d 

L UTEIRSI - VER. !_LO7 - 1011319l - <C> 1985-1991 5. C. mICWT 
Data1 lr10~1995 TL... 11121~56 inout  ( i l a i  rdc...n.trt 
COIIHDRO Yh5H OETEHTION BASIN. Yicl.nbur~, Irizonia 
311 downstre.. d.. =.b.ntmcnt sloe. 
~ ~ s t r = a .  I.! SLOP., i l m n  DRIUDOYN. ~ a t e r  at  112 da. n c m t .  ,tea 

TOBLE NO. 5 
*...** X.***"*"*****"*"*******"***"******"**"**"**"*****"************* 

NEW PIElDnETRlC L I M  DOT8 - CONYn*TIONAL,FIRST-5TR6E COIIPYTRTIOWS x 
~*~***"*"~*~""******""*."*"*."*""**"**""**"***"****"******"*"*""****x 

Line 

"Q .  PO'"* X ? 

L - Unit relsht ol r a t e r  - 62.10 Mat.? 1av.l throvsh d m  a t  h i 9  

1 -50.000 50.000 Y a t ~  level through dam at  hi. 

4.500 50.000 b2.t.r 1 . ~ ~ 1  throush 0.n a t  "1s 
1 91.500 79.000 Yatsr 1."-l thrnush dam i t  h l 9  

t 1 104.000 76.000 Yater leuel throvoh d n  a t  hxg 

I 5 tt1.000 7L.000 ~ a t e r  level  tnr0u.m a t  hi.  
6 L15.000 50.000 Yatsr 1.u.l throueh dam a t  "$9 

1 200.000 50.000 Yatmr 1.v.l throush dam a t  h l 9  
8 100.000 40.000 Yatsr iarrl thTOY9h dam I t  hls 

&,I 0." Pi.,o..trtr I'".. d*'l".d - No .Ld ifin.. ,.t.L".d 

"TEXAS1 - YER. 1.107 - 10113191 - (C) L985-!99l 5 .  6 .  YRICHT 

Date% LIIOII~PS T1met 11~21156 input (11.. rdc.san.trt 

CASINDRO "1% DETENTION BRLlN. Nickenburs. Rrlzonl. 
3.1 dmm'tr*.. dl. ..brn*l."t .lo@. 
Unltr...l 1.1 S l o P C .  RlPlD  DIIYDOYH. Yet.? a t  II2 dam h e i g h t .  %tea  

IOBLE NO. L5 
**"***X*"*******X**************** 

NEY INOLISIS)COnPUTATIOH DeTR I 

CrttlCll shear surtac. n o t  .nored t o  Pass b.lou Y . 4S.000 

FSl  th- i n i t l l l  .-a. 0' %.arch 

.I,  CLTCII. V.SI tnrousn tn. *eint .t - 
X = 36.000 
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J t I  d0rnstrr.m d.. ..b.nkmmt slm. 
V~str.1. 381 slos.. R W I D  DIWYOOYW. Water at  LIP dam hsieht. st*. 

TRBLE "0.  17 
IHFORII(ITI0H FOR CURRENT MODE OF SEIRCH - 111 CiTCL*I Pass Throuqh 

th. FIX*< POLnt a t  I . 16.000 and Y . 50.000 - - - - - - - - - - - - - - - - - - - . - - - - - -. . -. . -. . - -. - -. - -. - - -. - -. -. - . -. . . - . . -. . . 
,-st.** 

center Co0rd'n.t.. F.Etor Sld* For=* 
of i"El'".t,O" 

Rldl". 5.f.t" <d.(lT**., iter.tian, 

THE FOLLOYIWC REPRESENT EITHER DEFAULT OR PREVLOUSLI DEFINED VALUES, 

I"lt'.l tr,., ..tl..t. ' 0 ,  th. ,.<tor 0' ..'.t" . 1.000 

In l t l .1  tr4.I ..tl..t= tor Sld. fnrr. Inclinrtion . 15.000 de9reaS 

tl0Dl'E.k.l .  to SP."<..'l Procedur. on,", 

".Xi.". "".b., 0' ,t.r.t,on. .Llor.d t o r  

c.lcul.tlns th. +.=tor 0' ..+.tv . 40 

(I3lsr.d ~ D V F .  I.b.l.nc. for Conv.rs.nE~ . 100.000 

".Xi.". S"bt.nc2.d .ng,* t o  b. "..d tor ."bdi"i.i~" o f  th. 
Elrcl. LntO *LIE.. . 3.00 6.sr.s' 

S*.TC" "111 b. c0nt'nu.d t o  1oc.t. . more "Ltl.., m..r 
.urt.c. <" on. .xi.,., .,t.r th. '"ltl.l "ode 11 e..s,etc 

Pror.dur. used t o  ConPuta the (actor of s.frtri SPENCER 

U I E l 6 S  - YER. I.LO7 - L0113/91 - <C) 1985-l99! 5. 5 .  YRICHT 

Dates 1sl01l995 T1.a. 11.21.56 i n w t  f i l m .  rdc.sm.Lxt 

CIShHDRO YISH DETENTION B05IH. ULEI.mbYr9. Irlronl. 
3.1 dornstr... dam ..b.nt..nt s l o p l  
U~ltr... 111 .~DP.. RlPLO DR~UOOYH, Y a t w  at ilt dam h d s h t .  st.. 

TIBLE NO. Lb 

N NEY SLOPE GEOMETRY Dl76 + 
........................... 

NOTE - NO OLTA YERE INPUT. SLOPE GEOMETRY 0676 

YERE GENERATED BY THE PROCRRN 

P0L"t I 

1 -50.000 50.000 

2 -8.000 50.000 
4.500 50.WO 

I 91.500 80.000 

5 108.500 80.000 
6 IDO.000 50.000 
1 211.000 50.000 
B 100.000 50.000 

1 "TEXAS3 - VER. 1.107 - lOllZ/9l - <C> ,985-1991 5. b. WRIGHT 

Dates lxtOsl9s5 71.a~ 1+123,56 input f i l s s  rdca.an.trt 

ChSAHDRO UASH DETENTION 8151". Yickmnburs. Orlzoni. 

RDCMAN.OUT 1-16-95 3:Olp 

37.50 126.00 76.08 Z.DIO 11.98 5 
41.00 126.00 76.L6 2.001 11.79 
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I I* the *"d Of tn. curr*nt .*d* 0' ... rch the .o.t cr'tiell 
ctrc1. "hlCh r.r 'ound h.. th. <ollorins ".I"*. - 
I -cantrr  . 11.00 P-cmter - 127.00 Radfus . 77.16 

Fact07 0' 5aeatY . 1.001 Std. FOrC. Inclln4tt.n . 11.74 
UTEXeS1 - YER. 1.107 - L0/13111 - 0)  ,985-1991 5. B. YRICHT 

L(at.i 1,1011115 7t.a~ 1+t11156 input ftl..  rdc.%.n.trt 

CISINOR0 Y15H D R B l l l O W  81)5111. Ylcknburs.  Arlzonla 
x,,  dorn.*ra.. d.. ..b."k.rnt .,on* 
UP.traam 3 l l  llOpL. R1PIII ORAYOOYN, Y a t w  a t  112 dam hntsht, st.. 

I TlBLE NO. 18 

INFORII ITION FOR CURREHI MODE OF 5LAllCH - 111 CITCL.. Ore Tanpent 

t o  W0rllont.l Lln. a t  Y . 49.818 
. - - -. . -. . - -. -. . - -. - -. -. . . . . . . . . . . . . . . - -. . - - -. -. - -. - -. . -. - -. . . . . . 

45.00 117.50 61.66 l.997 11.71 5 
15.00 llB.00 68.16 1.996 11.70 5 
0 0  118.50 68.66 1.996 11.67 

15.50 118.50 68.66 1.996 11.01 

q5.W i l 9 .W 61.16 L.996 LL.65 

15.50 LL1.00 69.16 1.996 11.58 

46.00 119.00 69.16 1.997 11.52 5 

R t  tn. .n< 0' tn. curr=nt .Od. st ... rch th. .-st critter, 

LLIE,. rntcn r.. 'ound h.. rh. tolrorrn~ ".I"*. - 
I-c.nt.r . 15.50 7-cantar - 118.50 R.OLus . 68.66 

Factor 0' S.<.ty . I.196 5Ld. Corr.  IncllnaLLon . L1.61 
"TEXAS1 - VER. I_L07 - LOtL1191 - <C> l985-lWl 5. 0 .  YRlBHT 

Dates 111011995 Ti... 14121156 input ( l 1 . i  rdEa%an.txt 

CRSONORO YRSH DETEHTlDN BOSIN. YlcX.nburs. Arlzonl. 
I%, d.rn.tP... d.. "b.",.."t .100* 

Up3tr.a. 3.1 .lope. R W I D  DRIYDOYH. "ate? a t  1)2 da. helsht ,  itel 

T I R E  NO. 19 
INFORIIeTIDN FOR CURRENT RODE OF SERRCW - 11, C l r c L v I  Haus tha 
5a.a Radius - RadLYI . 68.662 

I-St.Oe 
C m t "  Coordln.ta. Factor SLds Forre 

0' Incl'n.t'on " hdl". S.+.tY <dssr...l iteration. 

J0.50 1DJ.50 68.66 B o t t m  ot  C L r C l .  *rc.edl Allarabl. 

d w t h  - CIRCLE REZECTEO 



depth - CIRCLE REJECTED 
60.50 103.50 68.66 B o t t n  0' c t r c l l  *xce.d. .Ilorabl. 

d.~th - CIRCLE REJECTEO 
10.50 118.50 6S.66 2.S95 11.58 
60.50 L18.50 68.66 2.284 9.17 5 
JO.50 LJ1.50 68.66 5.. "..lase on Nmxt LLn.<.> 

CIRCLE nos* HOT INTERSECT =WE 
+5.50 llX.50 68.66 L.286 B 
60.50 11X.50 68.66 $.WE $3.95 6 

U.50 t4B.Y) 48.66 5.. -$as. en *re L<n.<r> 
CIRCLE M E 5  MOT INTERSECT Y O P E  

+5_50 1.8.50 6B.66 5.. n...r*m on Next Ltn.#.) 

CIRCLE DOES NOT IN ImSEU SLOPE 

0 . 5 0  118.50 68.66 5.. nelsasa M Haxt Llnatr> 
CIRCLE DOE5 NOT INTERSECT SLOPE 

4 .  IXL.00 68.66 1.537 15.11 7 
11.50 1 I t . W  68.66 1.300 15.61 7 
+B.OO 1X1.00 68.66 1.279 15.95 I 
43.00 131.50 bB.66 5.. "m~srs* on H.rt LlnL(.) 

DEPTH OF CRACK IS GREATER THAN DEPTM OF CIRCLE 
4B.W 131.50 LB.66 1.222 L6.28 LO 

. W  1J6.W 6e.ar 5.. ns..asa on w x t  n n d r r  
CIRCLE DOE5 YO7 INTERSECT SLOPE 

15.50 116.W LB.66 5.. hss.s. on W x t  LLnSl.) 
m m  OF cn6n IS CREIm W#Y m m  OF C~RCLE 

4B.W 6 . 0 0  LI1.66 5.. !!essas= on H.Xt L t n a l s l  
DEPTW DF CR(ICI( 15 CRERTER THlY llEPTH OF CIRCLE 

10.50 L11.00 68.66 I.27B 16.06 

50.50 111.50 68.66 1.207 I6.U 
50.50 136.00 68.66 5.. #.s.ao. on Next Lln.l.> 

DEPTH OF CRWK I3 GREATER TWM DEPTH OF ClRCLE 

53.00 111.00 6S.66 L.125 15.46 7 
51.W 1n .50  68.66 1.209 16.77 7 
5 . 0 0  1XL.W 68.66 1.286 15.39 B 

4 . 0  112.00 6B.61 1.210 L6.50 
50.50 1S2.00 68.66 L.228 L6.61 7 
52.00 l52.00 68.66 1.241 16.16 
19.00 L1Z.50 68.66 5.. ne.sas. on Nmxt Lin.<.l 

L.st 7ri.l Y.lu.. . I.L.33 -1.75 

,L..t 7Pi.l ".I".. mom loo". ere Not corr.ct Fin., V.,".,, 

VRLUE O I  SIDE l D l C E  INCLINATION BECAnE OUTSIDE ReNTE OF 

FRO" -10.00 TO 80.00 DECREES 

52.00 113.50 68.66 1.205 16.77 

49.00 135.00 8 . 6 6  6 11.51 

50.50 11S.00 68.66 1.265 15.66 

52.00 119.00 68.66 L.129 16.17 9 

53.50 132.00 68.64 I.2BO 15.99 
n . 5 0  131.50 68.66 1.216 16.69 

S . 5 0  11S.00 68.66 1.213 16.16 t0 

h t  *ha m* 0' th. curr.nt .ad. 0' ,.. rcn the .o.t crtt,c., 

~ N . O l J T  1-16-95 3:Olp 

C L r c l a  WhlCh r.. found h.. th. *o,,or,ns ".I"** - 
I-c.nt.r - 52.00 7-cantar - L33.50 R.dlu. 68.66 
Facts? o f  S a f l t Y  - 1.201 51d. FsrE. Incllnatlon . L6.77 
UIEXASZ - VER. I.107 - IO/I3/9L - <C> 11BS-l991 5. C. Yl l lCHi 

D d e s  1.lDil995 71.en 1+.2X%56 inout rrlel rdc.lan.trt 
COSRHDRD YISH DETENTION BhLIW. Ylr;k%nburs. Ar l ronla  
3 .1  dornstral. dam ..Wnl..nt .LOP. 

Upstrc.. 311 .10*.. RAPID DRfiYDOYH. Y.taT a t  1,2 d.. h%Lshk. .tea 

31.00 118.50 53.66 5.. n.Ss.9~ on Next Llnr< . l  
CIRCLE DOES NOT INTERSECT SLOPE 

52.00 118.50 53.66 L.210 16.26 8 

7 . 0  118.50 51.66 1.599 13.17 

37.00 1n.50 (8.66 5- n.ss.v on ~ . x t  ~ t n m c s )  
CIRCLE DOES NOT INTERSECT SLOPE 

67.00 111.50 bB.66 I.BLI 11.76 6 
31.00 148.50 83.64 5- "..,- on h r t  Lln.ll, 

DEPTH OF C R l C I  15 GREATER I R M  DEPTH OF CfRCLE 
52.00 1+8.50 81.66 1.294 15.51 

67.00 118.50 8X.66 2.057 10.50 

4 . 0  lXl.00 66.W 1.217 16.41 I 0  
52.00 13l.00 6 4 .  0 16.71 7 
51.50 !11.00 66.16 1.225 L6.64 7 
9 . 0  1JJ.50 68.66 l.2LO 16.W LI 
5+_50 IIJ.50 68.66 1.2+2 Lb.J7 

49.50 I16.W 7 I . l b  L.205 16.61 

52.00 136.00 71.16 1.202 16.82 
54.50 116.00 71.16 L.261 16.05 

49.50 LlB.50 75.66 1.200 16.70 

52.00 1Z8.50 7J.66 I.20V 16.72 

54.50 11n.50 71.66 1.1W 15.71 

17.00 116.00 71.16 L.226 16.IP 

l l . 0 0  LIB.SD 73.66 L.217 16.11 

+7.00 Llt.00 76.16 1.209 16.44 B 

+9.50 141.00 76.16 I.L15 16.78 

52.00 1+1_00 76.16 1.225 16.17 

7 . 0 0  113.50 78.66 L.202 16.51 

49.50 143.50 78.66 1.1W 16.84 7 
52.00 L13.50 78.66 1.217 16.16 I 

47.00 t lb .00  81.16 1.196 L6.64 

49.50 4 . 0  BL.l6 I . l W  16.79 
52.00 116.00 81.16 1.210 15.8, I 

UI.00 t l t .00  77.16 I . f l P  16.64 7 
41.50 t l Z . 0 0  77.16 1.111 I 6 . B O  7 
51.00 Lt2.00 71.16 1.205 16.72 
1B.00 143.50 78.66 1.196 16.69 

51.00 141.50 78.66 1.2,s 16.58 

IB.00 115.00 BO.16 1.193 L6.74 I 
49.50 4 . 0  80.16 1.192 16.83 7 
51.00 145.00 80.16 1.227 16.X9 7 
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61.50 L12.50 82.64 2.681 7.47 
3X.50 L17.50 82.66 5.. ".%.as. mn H u t  L i n e < s )  

CIRCLE DOES NOT INTERSECT SLOPE 
61.50 L47.50 B2.66 L.Bf l  L1.69 6 
11.50 162.50 B2.66 5-= nasrae. on Hext Llne<s> 

CIRCLE DOE5 NOT INTERSECT SLOPE 

48.50 162.50 82.66 51. Il.sr.9. nn H.xt L<n.<r> 

CIRCLE DOE5 HOT 1HTERSECT SLOPE 

61.50 162.50 82.66 51. ll.ssas. on Next Lln.<s) 
CIRCLE OOES NOT THTERSECT SLOPE 

46.00 115.00 82.66 1.270 15.96 

48.50 115.00 82.66 1.121 15.10 

5L.00 115.00 82.66 1.X86 14.61 
16.00 117.50 B1.66 1.200 16.5. 

51.00 117.50 BP.66 1.250 16.07 

6 . 0  0 . 0  82.66 5.e n=%s.g# on H u t  Linmls) 

DEPTH OF CRRCX 15 OREhIER THlN DEPTH OF CIRCLE 

18.50 L50.00 82.66 5s- Il.sr.9. on H.rt Line<%> 

DEPTH OF CRlC< 15 BREhTER TH6N DEPTH OF ClRCLE 

51.00 L50.00 82.66 L.250 L5.BO 8 

7 . 0  146.00 81.66 L.PI8 16.51 

18.50 146.00 82.66 1.252 *&.LO 

50.00 146.00 82.66 1.294 15.60 7 
47.00 117.50 82.66 1.193 16.69 
50.W 1e7.50 82.66 1.217 16.50 

47.00 9 . 0  82.66 1.107 15.15 

18.50 119.00 82.66 1.231 16.OL B 
50.00 119.00 B2.66 1.206 16.e1 B 

18.00 111.00 82.66 I.L89 16.87 I 
IB.50 7 . 0  82.66 L.196 16.80 7 
9 . 0  LI7.00 82.66 L.208 16.65 7 
lB.00 L17.50 BP.66 L.lSS L6.BL I 
19.00 L17.50 82.66 L.192 16.80 1 
IB.00 118.00 82.66 L.L96 16.62 B 
4B.50 148.00 82.66 1.191 L6.69 1 
19.00 LIB.00 82.66 L.L9O L6.75 I 

It th- ."d 0' th. cvr."t .Od. 0' ,.arch th. .-st crlt'c.1 
<tr<,* rhish r.. found ha. th. 'otlorlns "llue. - 
X-center - 48.50 .(-cent.? 117.50 Radtus . 82.66 

FlEtDr  O f  S.f.tY - 1.187 51d. F O r E L  Tnelln.tion . 16.84 

UTEIISI - VER. L.107 - lO/l3/9l - I C >  1985-1991 5. C. YRLCHT 

Oat.% La1011915 Tll., llit1156 input 4LI.i rdc.s.n.trt 
CeEfiNORD "1% DETEWTlOW BnIIW. Yltl.nburs. AFlzonl. 

311 dom.tr.al dam .nb.nk..nt stope 

upstrean 111 stop.. R ~ P I D  O R O Y O ~ .  water a t  112 dam h e i g h t .  =tea 

TaBLE NO. 21 

* X I * *  L-STICE FINAL CRITICeL ClRCLF INFORMlTiOH x""xE 

X Coordlnata o* Canter - - - - - - - IB.500 

.( CoorelnatE 0' Csnter - - - - - - - I47.500 
R.d,u. -. . . . . . . - - . . -. . 82.661 

F.CtOT 0' S.f@tY - - - - - - - - - - 

I A t  tn. end 0' tn. curr.nt .od. 0' ... rch th.. .o.t cr,trc., 
=I..<,. "h'E" I.. 'DY"d ha. tn. rolrorlns u.1u.l. - 
X-c.nt.r - +8.50 T-r.nt.r - L17.50 Radlu. . 82.66 

Factor 04  5.t.tl - 1.187 SLd. Farce Inclin.tion . l6.B. 
UTEXIS3 - VER. 1.107 - 10111191 - <E) 1985-L,9t L. 0 .  YRliiHT 

D.t.i 1110~1995 Tim., 14.21156 input rdc.san.txt 

CISIHDRO "ASH DETEN710U BLSIH. YL~Lenbur9. Ar i zon l l  

3.1 .,O"n.tr*.n d.. e.bml..nt ,,o*e 
Usstre.. 311 SIoP.. RAPID ORIYDOYN. Water a t  112 dam height. s t e l  

ThBLE NO. 19 
INFORnOTlDN FOR CURRENT nOOE OF SEeRCH - eLL CL?EI.I H.v. the 
5a.a Radlu. - Radlul  . 82.662 

Number o f  circ1.l trl.d - - - - - - 267 
No. ot Ctrc l=s F c.Lr. tor - - - - - 245 

"TEXAS3 - YER. I.LO1 - l O l l I l 9 l  - <C> L985-l991 5 .  C. YRICHT 

Oat.% LslOll995 T1.et 14111156 Input ( i la t  rdca3.n.trt 
CRSMDRO YRSH DETENTION BRSlH, YicL.nbur.l. Irtronla 

Iz, dom.tra.. d.. mb."*.*nt ,100. 

Unstr... I11 slos.. Rl lPlD ORIIYDOYH. Water a t  112 dan h s i s h t .  st.. 
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TABLE NO. 26 
*I** X**~.....*****w**w***~**""****".**""************"***** 

X Co0rdln.t.. YnLsht, Strmnsth and Par. &!at.? P~.ssur. x 
* infar..tlon fo r  i"d'"ld".l 51ic.. t w  convultra., 

CaPut.t lon* or First 5t.s. 0' nultl-st.9. co.sut.t,on.. r 
* <1n+or..t*.n '. 'or th. crtttc., 5 M . V  Ylr,.c. i n  th*  
* C..* 0' .n l"tO..tlC s..rcn., 
XXX"*X****"**"1...**..*****""********""*"****""**"*",""***"*** 

9 D1.5 7 .  1654.4 1 .00 40.00 220.9 

D6.5 74.s 

10 88.4 7 .  (288.4 1 .OD 10.00 176.8 

9 . 3  76.2 

11 9 . 9  76.5 310.9 L .00 40.00 irl .0 
91.5 76.9 

12 9 . 7  77.0 86.0 L .00 40.00 LPt.6 

91.8 77.1 
UIEIIII - K R .  I.107 - 10111191 - <C> 1985-1991 9. 6 .  URlCHT 
Date. 1s101119S 71.a~ 14121.56 inout f l l . ~  rdcar*n.txt 

CISWDIIO YLSW DETEllTlDW B S f Y .  YLcl.nbur9. Irizml. 
x11  dm.*?... d.. ..b."k.."t .to.. 

Un.tr.a. 111 .10~.. ROPlD DR1YOOYH. Y a t w  a t  L/2 dam hmisht .  it.. 

T lmE YO. 27 ... x.. ..... **"".""*"*"*"**.* .... .... *.*.*.**""*"**"****""*"* 
" $.I..,= Fore.. ."d For<.. nu. t o  S".'... PI..."?., 'or . I n # L Y l h . l  SltE.. t e T  Conv.ntLonal Co.sut.tlon. or th. x 

I rn FLrst Stas. 04 nutti-Stas. Co.vutatlons. 

" (In$or.atlon L. fo r  th. Crltic.1 5h.w Surfac. Ln tb. x 
" C... 0' .n luto..ttr *..rcn., 
.x**"*"""***"*"""**"*""*"*"""".."*""""**~**"****"*""*"""***~* 

FORCE6 DUE TO SURFACE PRESSURES 

Y fo r  
511C. 5.i.mtc 5.1S.ic HsmaL Shear 

No. i Force Force Forcc Force 

1 51.2 0. 65.2  0 .  0. 51.2 65.6 
P 55.5 0 .  66.1 0 .  0 .  55.5 67.0  

1 59.8 0 .  67 .0  0. 0. 59.8 68.1 
+ 64.' 0 .  68.1 0.  0. 64.1 69.9  

5 68.1 0 .  69.3 0 .  0 .  68.1 71.3 
6 72.5 0 .  70.5 0 .  0. 72.5  72.7 
7 76.6 0 .  71.9 0 .  (1. 76.6 74.0 
B 80.6 0 .  71.1 0 .  0 .  80.6 75.4 
9 81.5 0 .  74.9 0 .  0 .  84.5 76.7 

RKAW4.0~  1-16-95 3:Olp 

10 88.1 0 .  76.5 0 .  0. 88.+ 78.0  

I1  90.9 0 .  77.7 0 .  0 .  90.9  78.8 

12 9 . 7  0 .  78.0 0 .  0 .  9L.7 79.1 
UTEXIS3 - YER. 1.107 - 10111/71 - IC> 1)85-1991 f. C. URlGRT 
D.t.8 1t1011995 71.~1 11123156 input  ( i lat  rdc.s.n.trt 

CISONDRD YISW DETEWTIDW 815IN, Y l r k D b u r 9 .  Irlzonl. 
I,, dO""lt2.e.. d.. ..b."l.."t .,OP. 

U0ltTa.n 111 I1-Pa, R W I D  ORIYDDYN, Y.t.r a t  L/2 dam h.Lsht. st.. 

TMLE WO. 21) 

................................................................... 
" *nfer..tlon C.".r.ted Durln9 ,t.r.t,v. Solution f.? th. F.Ct.7 

X 0' S.f.tY and 51de Fore. Incllnatlon br Ss.nc.r'. Procmdun * 
*"**"*****~*"***********X**"****""***"***"*"*********"""*******"*"X* 

7rf.l Trl.1 
F.ctor $id% For<. For=. no..nt Belt. 

It*,- o f  incllnatlon I.bAl.nee I.balanc. De l ta -F  7h.t. 
atlan Safety (dssraes) <ID%.> <<t.-lbs.> Idegrces) 

! 1.00000 15.0000 .2BBOEtOl  - .139ZE*06 

First-order corr.Etlon. t o  F and THET* ......... -.158E101 .185E+OO 
YaLU*. factornd br .109E+00 - D.lta% too irrs. -.500EIOO .2OZE-Ol 

2 1.50000 15.0t01 .250JE'OI -.1ZLOE'Ob 
First -or6 . r  corr.ctimr t o  F snd THE,* ......... -.277E+Ol 
Yaiu.. factored by .IBOE+OO - 0.lt.s too large -.500E100 

J 2.00000 15.0S41 .1911110+ -.1386E+05 
Fint-erdrr  cs?r*rtions t 9  F and THETA ......... -.13SS+OX 
Y.lu.s t.ct0r.d bl -363E.00 - D-1e.. toQ Iars. -.500E'00 

5 1.171+5 15.5802 -_528ZEt02 .%B+IEtOl 

First-0rd.r corr.ctlm. t o  F and THETA .. . .. .. .. .L15E-01 .152E+01 
SnGond-0rd.r corr.rtlno - Iteration I . . .... .. .L65E-01 .152E+OL 

SnEOnd-order corrertlon - Iteration 2 . . . . . . . . . L65E-01 ,152EIOI 

L I.L819l 17.1010 _Il9lE-OL .1ISZEtD3 

Flrst-ordsr corr.rtion. te F and THETO ... .... .. -.620E-01 -.ZS9E+OO 

Sscond-ord-r c s r r - c t l a  - It.ratlon I ........ -.LLBE-03 -.25PE+00 

7 L.18715 16.8111 .9116E-01 _Sll9EtOD 

First-0pd.r corr.ctionl t s  F and THE78 ... ...... -.2461-05 -.IO1E-Ol 

Factor 0' Safety - - - - - - - - 1.187 

Elde FOIE. lncllnltlon - - - - - 16.81 

Nunbe? 0' I t .r . t ,~n,  - - - - - - 7 
UTEXhSI - YER. 1.107 - LO/L3191 - DI 1985-1991 5. G. YRlGWT 
Date1 Li1011995 T1.ei 11123156 innut '$1-t r d c n a n . t r t  

CRZMDRO YRSH DETENTION B(IBIW, Ylcknburs. hrllonia 

, . I  dmm.tr... s.. ..b."l.S"t .lop. 

UPStr-a. 3.1 .LoP(l. rllPI0 OWYDOYH. Water at 1 J P  dam height. st-r 

TABLE NO. 38 
*""*"**""""***.**X*.*X*.""."*."**X*."."*""***"*""""***"*****"** 

Fl"., RS."lt. for  *tr.s... Along th. 5h.W Su,f.c. 

X (ReSYLtl fo r  Crlt3C.L Sh-aT Surtace I n  C.l= o f  a S.arm.> + 
............................................................... 

SPENCER'S PROCEDURE USED TO COMPUTE FaCTOR OF SRFETI 
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CHECK 5Un5 - IhLL SHOULD BE *#ALL> 

5"" OF FORCES I W  YERTlCllL DlRECTlDH . 0 C- .295E-01) 

SHOULO HOT EXCEED .IOOEIOJ 

5Un OF FORCES IN HORIZONTAL DIRECTION . .00 <. .ZllE-03) 
WOULD NOT EXCEED .IOOEtOl 

5"" OF nOMWT5 l l D U T  COORDIWhTE MIBIN . -.51 1- -.539E+001 
SHOULB NOT EXCEED . I ( I O E t O l  

SHEIR STRENCTHrSHEIR FORCE CMSCI-SYn . _00 <. .27BE-00 
SHDULD NOT EXCEED .IOOE'O3 

1 U z I A I 1  - VCR. 1.107 - LOIIJ,9L - <C> t985-l99l 5 .  0. YRICHT 

Datu lslOi199S T1.e. 14121.56 input + l l m i  rdc.san.trt 
CISINOR0 Y(15H DFTENTIOR 8fi51W. Yicl*nburg. Irllonl. 
1.1 domskr=am dam .Ib.nl.#nt $10~. 
UPltr... 311 %10s.. RAPID DRIIYDDYN. Water a t  L,Z drn h c l g h t .  Itma 

SPENCER'S PROCEDURE USED TO CDnPUTE FlCTDR OF 501ETI 
Factor ot  i.f=C - 1.187 Side Fsrce Inclination - 16.81 Degrees 

-. -. . -- - -. - -. . - VaLUES 1T RlCHT SIDE OF SLICE ---------------- 

7 - C O O ~ ~ .  01 FractlOn 519.. Sigma 

SLic. SLd. Sid. Fats 0' .t .t 

NO. I - R i g h t  For=. Location H d s h t  70. Botto. 

CHECK SUMS - l lLL SHOULD BE SHUL) 

5"" OF FORCES IN VERTICAL OIRECTfON .DO li .293E-03) 
SHOULD NOT EXCEED .IOOElm 

SUM OF FORCES IN WDRIZONTfiL B IRECTIO I  . .00 <. .2ltE-OJI 
SHOULD NOT EICEED . IOOE+O3 

5Ufl OF IIOIIENIS lBDUI CDOIIOIHIIE DRlGlH  . - 4  -.519Et00) 

SH(IULD NOT EXCEED .IOOE+OI 

SHEAR STREUC1WISXEMI FMICE CHECK-Um - .W t. .>,Be-03) 

SHOULD NOT EXCEED .10OEtOS 

END-OF-FILE ENCOUNTERED YHlLE READING C0""aHO 

WORDS - ENll OF PRDBLEnlbl ISSUIIEO 
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148LC YO.  I .......................................... . LDnPYrEll PROCllan DESICNAI10N - "ILIA33 # 

I Or191n.lly Coded 8" 5tsPhen C .  Y I t S h t  1 . Yerl lon Hs. 1.107 
I ~ 2 . t  il.rfsion 0.t. 10111/91 . ,c, cosyr,.nk ,9ss-,9e, r ,  c. urlsht " 
" &,, Rl9"k.  R..*rved 

.............................................................. 

. RTIUL IS  OF COIIPUIATIOHS PTRFOR"E0 UIlNC THIS CDIIPUIEII . . PllOGltln 5t10ULO "01 BE UILO FOR O C l t C N  P Y R P O I C S  U N L E I I  7°C" . . HAVE BrEN YSII IFILO B I  IIIOEPENOCHI I H I ) L I I E I .  E I P I R l n E N f l l  x . DR1A OR rlLLO I I P E R l t l t C F .  THE W E R  IWLI M W R I I P N D  7°C . . 1 I C O R I I w I I I  1ND IHLLI I IC f iL  PIIOCEOYI1ES USED I N  7°C CDnPYTSR I . PROCIIAn &MI1 ""If YaYC RTAD l iLL OOCU1(EWTIIION FOR T i t t i  I 

I PROCSM STTOPE i)illWTI"C I T S  U I E .  

. "TITHER 7°C UNIVERSITY OP TEI13 NOR STEPWEN C. YRlGHT . . nWC OR LISUnE 114811177 FOR l H I l  YLIIRAHT11S. EIP*EISLD OR " . InPLIID. CDNCFRNlUG ?HE KCURLCY, RCLIIBIIII7. YIEFULNEII . . 01 eDAP1hBlL i l l l  OF I * t I  IO"PYTLI1 PI IOCRI I I .  

PROClLE i i l i i  5 - " & T < R I A L  TYPE . 1 

Gl0"lld IYT'lC. "P . lT .11  b.YO"d LO. 

PADFILL L i l l i  6 - "ATGRlllL TYPE . 2 

ch,n,,"r c , r . > n  

A , ,  ".. ~ r n l , l ~  i,".l d e l , n a d .  N o a i d  i , n r ,  i . l r ,nrb 

U I T I " I 3  . VEX 1.10, - ioilIlel - I C I  l e 8 5 - , 9 9 1  5 C. V R I C " 7  

0 .,., D , , B , , ' * .  i , * e ,  9 , , I , , ,  input ' ,,.. C I I I A N I I I I  

C,,I."N"RO ui.s,, I>ZICNI ,ON Bl iT i" .  Y i i k t " b Y r . .  4r11a1,1. 

I , ,  dum,lr.." d l n  e.B.nl..ni r l o ~ e  . . . . . .  ......... ... ........ .... ..... ~- 
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1 1 B i L  NO. I ...................................................................... . l i t Y  nA(C (1 l l l  PROPERIT OLTn - C O H U C H I I O X l l l ~ l R S T - I T A C E  COnPU1a110Mi " 

PO.. "r ter  Pr.,lur.. dtl,".d b" P,*,enrtric l i n e  

Numb., 0' I"* 0ilro.~t.lr i , " .  "3rd . I 

I l e 9 . t l u l  .or. .re,,",.. I., t o  z e r o  

DeTli FOR l l l T E R l l L  TYPE 4 

".ti". .or, 

PO,. " l t l r  *r~l.ul., d.f*nrd b" P i r l o n * t r i i  L ine  

H".b*? OI tn. P , ~ * ~ . ~ t r i r  l i n t  used . I .............................. 

TRBLE NO. 5 ..................................................................... 

A i l  ntu Dielumetrlr l ines drflnad - No o l d  ilnel reL.,ned 

" , T i e l ,  - V C R .  , . t o ,  - 10,131 91 - <<1 l s B 5 - l e 9 ,  5 .  C .  ultlC"1 
liaLI: 8 : > 8 : ? 9 7 4  l i n e i  9 > l t i l l  inout 411.a CRIANI.II1 

C4InNORO Ya51< D E T E t I T I O Y  B A S I N .  Y!CLenbu<9. I r 4 l S " i r  

, h i  o*.,nllre.n d m  e r b l n l m e n l  3 i o o e  

% * , , S , C  " 8 , -  *,0.,9 

148LS NO. l o  ..................................................................... 
l i i Y  SURFACE PRESSURE O l i A  - COIIYENI IONAL,FIRST- ITTCP iO"PU14110111 1 

nrr Mi!. !.,,in i,iru, . NO oro aa,a arialNr" 



..................................................................... 
T W E  FDLLDYlHC RCPRLSENT EITHER nTII)YLT OR P i l E Y l O Y I L I  OEFlNED Yl iLUEI i  

," ' , , ,l  Lrl.1 *.,,.at. 'or th .  ,.<tor .i , . f e l l .  ,o00 

i n l t l . l  L r i r >  .%tl.rtr for %lee t o r e .  Inrlinatlsn . 15.000 6c51ee1  

,aDn, ,<*b,e t o  %Pe"cer 's  nrmceewrc on!", 

1 n l t t . l  trill r ~ l u e .  t o r  tactor o+ IA(@tv (And s 1 d I  tore. l n r i ln r t l l l n  

t o r  S.."<.?'* .ror.durr) " l t l  b. *sot CQ".t."t surfin9 ,c.rrh 

P T S ~ C ~ U T .  used 10 cmleut. <h. I . ~ t o r  01 s.tetrl SPENCER 

rasL< YO. M ........................... 
R MEW SLOPE G I P I I E I R I  DLIA . 
X D i E  - HO 087" Y < l E  INPUT. ILOPE GEDMEIRI  O A 1 A  

MERE CEYFRhTFO BY 1°C P R O C R I I I  

I - W  
.... . . . . . . . . . . . . . . . . .  ..... --- 
I,, ",,"" ,,,, 4"- e.b.,,.ne", ,,woe 

llll.ll ",,>, 1.0.,9 

110.00 8 0 . 0 0  3 6 . 0 0  b.2LS - 2 0 . 9 6  10 

nCz3.e~ 0" ,"* 'O,,O","~ , > " * < % ,  .PP,,*,  t o  t h e  .bO"< C , ? < , e  

D t l l O n l N n I O R  III COUeiiDMZ POPl F WliS InliLL FOR B SLICES 

F I R S 7  4110 iali I L i C E I  UHERE DGNOIIIN&TOR U a I  LOU - 51 I B  

l40 .00  80 .00  16.00 3.bBB - 1 1 . 5 1  ................................................... 
OLNOIIINAIOR I N  I O U h T I O N S  FOR F "119 WALL TOR i SLICES 
F I R S 7  R N O  L A I T  S L I I F I  YHLRE DENOIIIH&IDR WAS LON - 53  $4 

110.00 8 0 . 0 0  11.00 2.617 -27.88 

110.00 1$0.00 66.00 1.955 - 9 . 3 ,  

110.00 110.00 6 6 . 0 0  2.&7l -16 .05  

>,0 .00  liO.00 &&.a0 Ser ns.r.9. on uert LL".,., 

L.31 ,<,a1 "slur* . 2.!*2 4 . 3 4  

,Last Til. i  Y ~ I U S I  % o m  Above h r t  Not COr?.cL F i n a l  V I ~ U . % ~  

VALUE OF I l D l  PORCE I N C I I N f l T I O N  BECAnE OUTSIDE RAllCE OF 

F E W  -BD.DY 70 I O . 0 0  OECOFTS 
IIO.00 l l 0 . 0 0  9 6 . 0 0  1.101 -10 .25  

110.00 110.01) 9 6 . 0 0 .  2 . b l O  - , 5 . 5 9  

110.00 llO.00 9b.00  5.. ".lllVl on Me"? Ll".,., 

L.r l  Irl.i Y a i u v r  . 2.171 4.3s 

,L.I, T r , . ,  Y . , u ~ ,  She"" A*.". * I (  Hot c O r r r < <  rtn. ,  Yl,".r, 

YPLUE OF IlOS SCtRCE INCIINkrlOll  B E C M E  OUTSIOL RANGE OF 

FRO" -80 00 7 0  l b . 0 0  DETRCES 

I6U.00 i 4 U . 0 0  0 6 . 0 0  2 . 1 8 1  - I 7 7 0  

, 6 0 0 0  1 , 5 0 0  > 0 1 . 0 0  2 , ) B  1 9 . 9 7  

150,110 i S o . 0 0  106.00 1.351 - I 1 1 2  

151.00 iSO.00 306 00 1 . 2 5 7  -18.11 
. . . . . .  .............- 
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160.00 150.00 IOL.00 2.116 -IP.<1 

l b S . 0 0  115.00 ,01.00 see n*...9e on Next Ltnerr ,  

L.rt 7rt.l Y.lue. . 2.252 5 . 1 1  

iL.3, , T i . ,  Y l l " * .  Shorn Above fir. M o t  carrart  rlnrl ".l"..l 

VALYE 01 I l U E  SORCE INCLIN8flON BECAn6 O U T I l O E  RaNCE 01 

FRO" -80 .00  TO IO.00 OEDRLEI 
165.00 iS0.00 IOb .00  5.. nlrl.s< on M e x i  L i n e i s >  

i r $ t  7rl.l Ul lut .  . 2.267 5 . 1 1  
,i.,, T,,,, Y.,".. shorn fib.". A?. U., <..r.c, I ,"., Y . I , ,  -.I 

Y L L l i t  OF l l O E  FORCE INCI INR7 IDU B E C A M  OUISIOS RAN66 OF 

FRO" -80.01) 70 10.00 LIECREES 

155.00 151.00 111.00 2.260 -18.11 

l bO .00  155.00 111.00 2.177 - 1 1 . 2 9  

165.00 155.00 111.00 Be. Wessa9e on Well i l n t i s >  

List Trl .1  Y.lue. . 2.281 5 . 2 2  

( L a s t  l r $ . I  Y.lu.' Shorn Ibou. Are Hot Corrart F i n a l  Y l l u m r l  

YI)LYE OF l i O E  FORCE lNCLiNATiDN BECI)III  OUTIlDl RhNCE OF 

$Ron -80.00 10 IO.00 DECREES 

1S1.00 111.00 101.00 2.222 -18 .92  

I6O.W 117.00 IOI.00 2.117  .L?.5t 
1h1.00 117.00 101.00 2.111 -20 .10  

IS1.00 150.00 IOb.00 2.222 - l S . B I  

I 6 J . 0 0  ISP.00 IOb.00 2.115 - 2 P . O l  
117.00 ISJ.00 IO9.00 2 . 1 2 4  .I8.76 

Ib0.00 15I.00 lO9.00 2.177 -t9.X7 

l $ l . O P  111.00 lDP.00 2.115 - 1 9 . 9 3  

t r6 .00  0 . 0  IO6.00 L.. n.r,.se sn urxr  L<"*<.l 

L..L frt.! V.lu.s . 2.151 4 7s 

i ~ a s t  ~ r i r l  v.!u.. s n o w  "bow 6r. vet c o ~ r . c 1  rin.5 valusr> 

YILYL OF l l D E  SORCt  IWCLIN&IION B E L I n l  OUTSIDE M N C 6  OF 

FRDn -80.00 10 30.00 OECIITEI 
161.00 151.00 lOt.00 Sar fle%%a9* an M l t  i l n r l l i  

L a s t  Tl8. I  Y.iu.. . 2.262 5 . 0 0  

,i.,, I, , . ,  Y.,".' Shorn AbO". hr. " D L  <orr..t T,"., ".i,..,l 

UliLYE 0s I l D l  IORCL IYCLIW&IIOH BECAW O Y l S l O E  RRNLL 0' 

FRO" -80.00 I0 80.00 DECREES 
1&0.00 156.00 112.00 2 . I 7 B  - ! 9 . 2 &  

I63 .00  256.00 112.00 2.,13 - i e . e 5  
I6L.OO 1S6.00 112.00 1.. n*.,..le on Nest L l " * < I l  

,.st 1-1.1 Y.lu.3 - 2.171 5 . 0 4  

r u s t  r r t r>  v.lu.. shorn haou. rr. corr.ct ~ I ~ ~ L  u.tue.l 
Y A L Y t  (IF l l O 6  FORCE lNCLlWLTiDN IECRI IT OUTSlDC IIaUGE OF 

<Ron - a O . O O  10 10.00 OECREEI 

162.00 I52.00 IOB.00 2.118 - > 9 . 7 7  

111.00 152.00 IOB.00 2 l l S  - t 9 . 9 6  

161.00 152.00 108.00 I.. ne...~e on Next  L l n r l r l  

i.ct 7ri.l V.lu(. . 2.291  5 . 4 0  

iLa,t 7rl . l  Y.lu.3 $horn Above I r a  Hot C o r r a C L  F l n a i  Y l i u e % l  

YALUL OF 910E FORCE INCLINATION BECAnC OUTSIDE RANGE OF 

FROII -80.00 TO 10.00 OECREES 

161.00  111.00 109.00 2.148 - 1 9 . 7 ,  

6 4 . 0 0  153.00 109.00 2 .112  -20.12 

162.00 ISl.00 110.00 Z . I+B - l 9 . 7 i  

161.00 154.00 110.00 2.k15 . , ? . 9 >  

l b 4 . 0 0  is4.00 0 2 . 2  -20.10 

161.00 iSt.00 108.00 5e. nels.9r on N I x l  L l n c i r l  

!..st Tr1.I V.lusr . 2 .274  5 . 8 s  
ir,., "a,".' shorn 6b.V. I r e  N.t corrrct  F,"., V . lu rs l  

VALUE OF SIDE IO(ICE INCLLNhTIOW BELAIIE OUTSIDE M N G C  OF 

FROn -80.00 TO ' 0 . 0 0  DECREES 

165 .00  151.00 lO9.00 Re$s..re on Nrlt L i n e i s )  
~ ~ 

CASANS.wT 8-18-94 9:15a 

I.."" C h U I I O I I  "I"". FACTOR OF ZRFEil COULD NOT BE COIIPUTEO FOR I O n E  

OF C R I B  P O I N T I  RROUND 7 %  nlNinun 
.II*1 R E I U L l S  "A" BE ERRONEDUI """"" 
VIEIRII - YER.  I.IO7 - 10111191 - < C )  I P 8 5 - l W l  5 .  C. Y R i G H i  

O a t * :  8:18:19*4 Tame: 9,12834 input i l i a :  C(\llin5 7 x 7  

LAEANbRO V R I U  OEiENllON BASIN. Y l i k m b u r s .  l iriloni. 

I i l  dounr t rarn  d m  c n b m l m n k  S > ~ P .  

~ e , s ~ , c  " > t h  a . o . , 9  

ThBLE NO. 19  

INFORnBTlON FOR CURRENT "ODE OF SERRCH - R I I  C ~ r t l r s  Wave the 

S.neR.diu, - R.d,".. lOe.000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

, -st. i* 
CenLc r  C o a r d l n r t a r  F.clni 51de Force  

01 fnrl'n.t,on 

Radius I l f r tr  I d e 9 r r e % l  IleiaLlonr 

II4.00 121.00 109.00 OOLtO .  0 ,  C > T . L l  ."i.e6. .11...b,. 

drr th - C I I C L C  U T l l C T S i i  
4 . 0  123 .00  IOP.OD BD,tol * I  t I ? t , .  r.r..d, .\lo..b,. 

depth - L i R C l E  R C l E C f E O  

l 9 l . 0 0  121.00 i O s O o  O o l t D n  o'  i , r c , .  ."...O. . I lO" .b l .  

a rptn  - C l i l C i t  REilC,iO 

11,."1> 1 1 1 . O O  IOP.00 2 0 1 B  - 1 . 1 3 5  

l s i . 0 0  153.00 lO9 .00  2.108 - l i . > l  

11*.011 1111.00 ,oe.oa *.,a, - , 2 . o ,  

Ib,."" 103.00 , 09 .00  see  "e,,a9* 0" >,en, L , , ,C ,$ ,  

C I R C L E  DOES 1I01 INTEISCCT SLOP< 

191.""  181.00 10'.00 Srr n.,,.g. on ,I."& L , "  .,., 
C I H < L E  00L5 l t I i i  i N T E R i E C i  SLOPE 

2 2 1 O U  1 2 1  00 i O 9 O O  o n k l o l  0 ,  C I , . I I .  .LCl.dL 11,.".61. 

O r o L h  - C I R C i S  R E 1 E C I e O  

iiq.00 151.00 ID9 .00  4 . 9 9 l  - 7 . 0 8  

2 2 ~ 0 0  161.00 109.00 111 Verra3r on Nest L l n a l l l  

C I R C L E  DOCS i i O l  I N I E R I E C T  SLOPE 

l O 9 . 0 0  s o t t o n  -4 c > r < , e  e"rardr .Ilo..b,. 

d e ~ t n  - KIRCLE F E I I I I T O  j 

109.00 Bettan 04 c l r c l r  Fsceeds .Il.u.blr 
deDLb - CIRCLE R E l P C I E O  

>os .oo  B D l l D n  04 r i i r , .  ."cr.dr r,,ou.~ll 

S c P t h  - C I R C L T  RLIECTED 

I O 1 . 0 0  2 . 0 5 8  . , a , , ,  
109.00 2 .196  - 1 5 . 3 1  

l O S . 0 0  2 .052  -22 .15  

IO9.00 2 . 0 5 0  -21.95 

, 0 9 0 0  2,068  -20 . , 1  
~.~~ .. . . ~ ~ .  ~... .. . 
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,se.oo rs3.00 109.00 , . ,rr .23.0, 

,e..oe ,a,.oo to9.00 2 .009  .21.47 ......................................... 
OEPTH OF C R I C X  15 bREI1,ER 7HI)N DSPIH OF CIRCLE 

~ ~ 

OTPTM OF C R N X  8 %  CRFhIEII i H l N  DEPTY OF CIRCLE 

194.00 I6B.00  109.00 Sea nss%.st on Next L l n e ( l l  

CIRCLL OOrS N O T  I I I E R S < C I  SLOPE 

Led00 1&0.00 109.00 2.036 - 2 2 . 6 1  

1B9.00 lb0 .00  $ 0 9 . 0 0  2 ,022  -22.71 

192.00 160.00 IOP.00 2.010 - 2 2 . 8 1  

1B6.00 163.00 109.00 1 . 0 0 0  -21.92 
I92.00 163.00 109.00 1.997 -23 .21  

186.00 166.00 iOI.00 2.022 -21.71 

189.00 166.00 ,09.00 2.198 -27.10 ......................................... 
I IEPTH OF C R K X  15 CREITER ?HA# DEPTH OF CIRCLE 

IBB.00 I62.00 0 . 0  0 - 2 2 . 9 1  

189.00 l61 .00  IO9.00 2.000 -22.94 

190.00 162.00 109.00 1.797 - 2 2 . 9 7  

ies.00 llJ.00 0 .  ! .  . I I . ? B  

!eo.oo 161.00 toe.oo t.99, -21 .07  

IBB.00 161.00 ID9.00 1.994 -21.17 

18.).00 111.00 109.00 1.997 -23.25 

IPO.00 161.00 l(l9.00 1.001 .21.15 

191.00 162.00 IOP.00 1.99% -21.00 

l 9 l . 0 0  161.00 109.00 1.991 - 2 3 . 1 1  

191.00 164.00 109.00 2.009 -21.50 

a t  L". .me 0' th. rurr.nt .ode 0' ..arch th. I..t crltlcri 

<lri,. * , C h  r.r round h.. the '.",lorin9 "A,"., - 
x-r.nt.r . l l 0 . 00  r-c.nt.r . tb1.00 Radius . i O 7 . 0 0  

~ ~ e t o r  st S a f ~ t ~  I . W l  21d. l o l ~ .  Intlln.?lon . -21.07 
UTEXIS1  - VER. 1.107 - LOItIJPI - ICI 1985-199, 3. 6 .  Y R l C X T  

Tl iBiE NO. I #  
INIORnAT10H FOR CURRLNT #ODE OF IFlRCH - 811 Circle ,  4re Tln9.nt 

1. llo1lzontal Line $1  Y 51.000 
................................................................ 

I.ll.9. 

Center C.ordln.1.I I . c t D r  l i d .  FDr- 

0' I".,,n.tlmn 

Radius IA<.ll Idl9l.e.) Iker.tlOnl 

lb0.00 111.00 79.00 51. n.,rrse on ~ s r t  L i n r l r r  
2.261 ................ ,.,, 

(La.? irlll V.lu.. Ih~ .n  &bow. I r .  Hot Corract  l l n r l  V.luell  

VALUS OF I l D E  SORCE INLL1HATION BEClnE DUT910E RLHDE OF 

FRO" -80.00 10 10 .00  DELRLCI 
190.00 111.00 7 9 . 0 0  2.053 -21 .15  

2 2 0 . 0 0  111.00 7 9 . 0 0  5ee n.ss.ee on wait ~ l n * % s ,  

l60.00 i 6 I . 0 0  lO9.00 see n.r,.llc 0" Next  Line<. ,  

Last t r l . l  V a b u r l  . 2 . X 0  q .52  

,LA,, T,,., Y.,"., ih.".. lib-". Ar. N o t  c.ri..t Fin., ".lur., 

VALUE OF S I O T  SORCE f N C L l R R f l O I i  BECAltE OUTIIOE RkNCE OF 

FROM - 8 0 . 0 0  10 10.00 OECI IEtZ  
220 .00  i d 3 0 0  109.00 See n e s l a ~ e  on Hest L i n c C l l  

C I R C L E  OOEI NOT XnmRsrcf $LO% 

lbO.00 lSi.00 119.00 2 .2&1  - > ? . I 2  

i 9 0 . 0 0  l91.00 ll9.00 , 9 7 7  -21.08 

2 2 0 . 0 0  i e l o o  i l e o o  re*  neS'.sr on wer, ~ ~ ~ ~ s ~ ,  
C l i i C L L  "OES M O T  iNTil3iCT SLOPT 

l60 .00  221.00 169.00 2 . 3 5 0  - t e . 9 ,  5 
190 .00  121 .00  l b 9 . 0 0  2 . 0 2 7  -21.01 

220 .00  221.00 l b 9 . 0 0  I.. "..,.9. on M I " ,  L inr t r ,  

L I R C L C  DOE5 M 0 1  I N T S i l l T C 1  ILDPL 

IBS.00 188.00 >I<.OD 1 , 9 9 2  - 2 2 . 9 1  

leO.L)o I B D Q O  111.00 I.P7B -23.08 

175.00 188.00 3 7 - 2 1 . 3 1  

185.00 l P l O O  ll9.00 2 . 0 0 2  - 2 2 . 9 1  

195 .00  >91.00 9 . 0  7 2  - 2 1 . 2 7  

( 8 5 . 0 0  iPB .Oo  214.00 2.015 -22.81 

190.00 198.00 1 . 0  9 5  -2I.O) 

195.01) I 9 8 0 0  114.00 1 . 9 6 9  -21.26 

200 .00  i P 1 . 0 0  9 . 0  2 . 2  -21.91 

2 0 0 . 0 0  190.00 114.00 I.9B9 - 21 .75  

l 9 D O O  201.00 i,'.OO I .97,  -21.07 

L95.00 201.00 ,.e.oo 8 .966  -11.21 

200 .00  201.00 0 7 - z > . a *  

190.00 2OB.ao 154.00 1.981 - 2 1 . O L  

r e 5 . 0 0  2C10.00 lll.00 I . 9 6 4  - 2 3 . 2 2  

200.OD 2 0 0 . 0 0  iS1 .00  i . W *  - 2 3 . 5 0  

l e 0 . 0 0  211 .00  IS9 .00  1.994 -2x .04  

tes.00 2li.00 159.O0 , .9a,  . 2 , . 20  

2 0 0 . 0 0  2h1.00 i S 9 . 0 0  i . 9 6 6  . 2 3 . 4 4  

,?o.oo 210.00 l a r o o  2.010 -21.01 

195.00 2i%.OO l 6 4 . 0 0  I.PLI - 21 .17  

1 0 0 . 0 0  218.00 161.00 1 .962  -23.19 

lbl.00 1 . 0 0 8  - 2 4 . 5 .  

I b 9 . 0 0  I . 8 9  . 2 ' . , ?  

> 7 , . 0 0  C*",*? 0' c , r c , e  $ . , , 3  O " L 3 , d C  n, 

. urrrnt  e r l d  - G r i O  r r - , n  , t i .  liZCd 

164.00 1 ,961  -21 .17  

1&1.00 l.lb2 -21.19 

l64.00 2 . 0 0 8  - 2 < . 5 <  

l69 .00  1 .961 - 2 1 . 1 1  7 i 
169.00 Ir9B9  - 2 4 . 1 7  

,,,.oo 1.975 .21 . , ,  
. 1 . 6  - 2 1 . 1 1  

4 . 0  9 ,  . 2 1 . 9 l  7 

17e.oo , . e m  - 2 7 , s  

l?s.oo i . e s >  -2r.29 

1 7 9 0 0  1.96) - 2 3 . 7 8  

. . . . . .  ~- ............... ......... - ... 
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a t  tn. .no .l tnt rurrent nod. 0' i r r rcn  tnr asrt  Cr2llr. l  

< i r C i r  "nlin ".S '6""d "4. Lh. lDl,o.lnp r.,u.r - 
I-.ant.r . 201.00 c 252.00 Rldlv% l9B.00 

F a c t o r  o f  I I i r l r  . 1.917 Side Cnrrr in<lln.tlon . -21.35 
"TEXAS3 - YER.  1.107 - lO,lI/9! - < C l  (985-1991 2. G. U R l C I t i  

Oat., 8 : 1 8 : 1 9 9 4  i l m a i  9 i > 2 i l +  I n p u t  ' l ir i  C ( \ I A N I . T I T  

CI)IOHORO URSY OElrHTlON 8451". V&(kenbu?$, h r l z o n l r  ,:, d o m r l r * m  d l "  eM.nkmenl .,on< 

* r , m m > <  . i , n  r . o . , s  

748LE NO 19 

INF(IRI(ATI0N I O R  CURRENT nOOE OF IERRCH - a l l  C l r i l c .  Wave t h e  

$.me l8Olul - Rll( lu% . 198.000 
............................................................. 

,.9,.9( 

Clntrr r o D r a i n r t t r  ?.<tor S,d< se-ce 

6' inr,,n.,,an 

R l d l u l  Z l t e L I  16.9ree.l II.rtLiDn. 

liI 00 221 .00  I9B.00  Bottom D (  c l r c l .  e a i r e d l  .llor.bl. 

depth - CIRCLE REJECTEO 

2 0 , o o  222 .00  , i 9 B . 0 0  BOt,.. D I  C t r r l .  r l trrdr  .110..b,. 

d.olh - CIRCLE RCr r lTEO 

111.00 1>1.00  >ss .oO Bol lon  0 ,  c l r < l <  e x ~ ~ c a l  Alloursla 
6.0," - C I R C L T  i l B , 6 < T S O  

I>I.YO 252 .00  lsS.00 2.219  -20 .15  

233.00 251.00  l78.00 See nrll.se on N e x t  i l n e l l r  

C I R C L E  DOC5 NO7 l H T E R I E C i  I L W T  
1 ? 1  00 2 8 2 . 0 0  l l B . 0 0  5s. O.%srCI on NII~ L l n e l s l  

C l i i l t  OUCi I t O T  I$4fEI1LECI SLOPE 

2 0 7 . 0 0  2 8 1 . 0 0  198.00 $1- nerlrse on Mel< L l n e l % l  

C 1 R T t 6  DOIS >>"I III1ERSTCI SLOPE 
211.1>0 2 8 1 . 0 0  89e.00 See @es%.9e 00 fkht  L $ n e , 9 ?  

C I R C L t  0<11S li", I Y I L I I Z L C ,  I L O P L  

i r s l " "  2 1 7 . 0 0  l l B . 0 0  2 . 0 9 2  - 2 1 . , 7  r 6  
20l.00 217.00  398.00 2 . 0 8 9  - 2 1 . 1 5  

2 0 8 . 0 0  0 198.00 2 .051  - ? a > +  
I?0.1>0 2 5 2 . 0 0  lPB.00 2 .011  - 2 1 . 2 8  

:I," 110 252 .00  l l B . 0 0  5.r nrrr.91 on N*"k L l n . l r ,  

La*!  > - 8  * I  U ~ > U @ $  ' 1 . 9 8 1  1 . 2 1  

i,.,,, 1, ,., V.,"., 5,,orn (i0ou< a r e  Not c o r r w ,  T , " . ,  v a i u e r ,  

Y ~ ~ U C  ,or sine i l iac$ i , , c t . iu~~!nn  Bctnnc ourriuc nn,im o i  
,,< ,,,, , a , ,  , 3 , >  >,, ,<,.<>o ,nc<,"cr$ 

,..,, ,." 111 "(1 ,?a, ,>@ . . . . . . .  5eu nass.9e ",> ,4.", L : , , e , 5 !  ~ ~~ 
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DLPTW OF CRRCI  15 C l l l l l E R  THAN DEPTH OF C l R I L E  
201.00 2 5 7 . 0 0  118.00 3.. n.ss.9~ so N s x t  I ! n m < r i  

CllPTlt OF C R 8 C I  i l  CRTerEI I  I M A M  DEPTH OF C l l C C L  ...... 257 .00  .................. Me", L...... 

C I R C L E  DOE3 HOT INTERSECT SLOPE 

200.00  2'9.00 IPB.00 2.018 -23 .00  

201.00 2.9.00 l9a.00 1.001  -21 .10  

206.00  219.00 l 9 B . 0 0  1.972 - 2 1 . 1 7  

2 0 0 . 0 0  252.00 l9s.00 I . ? * >  -21.12 

206 .00  252.00 Ise.00 l . 9 S l  -23 .56  

2 0 0 . 0 0  255.00 l9B.00 I . ? #  -1I.02 

2 0 3 . 0 0  255 .00  LsB.00 2.051 -16.51 

2 0 6 . 0 0  155 .00  198.00 II. n.slAe. on Wrt L i n e l s l  

DEPTH OF CRACK I E  GREATER THAN DEPTH OF ClRCLE 

iRBLE NO. 26 .............................................................. . C0ordln.t.. Y.lsn,. 9tr.nstn ."d *or. Y A t C r  Prr..ur< " 
" ,nt.r.rt,.n tor ,"dl"ld"., i , , r* .  ,or Co"v~nt l0n . l  
I Lo.eut.tl6nl or l l r r t  i t l o .  a1 nultl-lt.9. ComPutltlon.. 1 . ,,"tor ..,lo n i r  ' 0 ,  thS Cr'tle., she., sur,.ce I "  t o *  " 

5e.rm.> .................. 
""""""""""""."""""""""""""""""""".,*,.,."""""."""""""""""""*"" 

T48LS N O .  2 )  

TlsLL N O .  2e .................................................................... . , " . , "  . .  " 0 ,  t "  " , ,  h e  0 . 
" 0 ,  i.,.!" .n,, I l d r  i s r r r  i n c l l n . t l n n  b" i P r n C < i ' ,  plaredui. . .................................................................... 
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L 3.00000 -il.OOOO -.171BF+Ot .$171110& 

c,r.t-oraer eo , r< r t ,on*  Lo F ."d ,"Ti" . . . . . . . . .  -.,6,1.0, . , I ,  C l 0 ,  

".,"*. '.<Lor.d b" .101E100 - D .,,.I t.. I.,-. ..500T.00 .,.itloo 

1 2.00000 -11.2959 - . 1 1 5 6 E + O I  .515OE<aS 

I l r % $ - o r d < r  C o r i ~ c L l o n r  I 0  F 2 n d  THETA . . .  - 2 a 7 L - o l  -.&llSto2 
Y l i u w  Ir tkored  by I 1 I E ' O O  - 0. l l . I  100  i a r g e  - 7 b l E - 0 2  811E lO l  

Numb., 0' tt.r.t,on. . . - . . . 7 
Y I E l l s l  - YLR. 1.107 - l D ) l 1 / 9 l  - LC) l985-199l 1. C. VRlCHT 

D . t l l  8slS,l994 Tin., 9.12834 Snout l l l e .  C 6 I A N I I I T  

ChIIHDRO Y 8 I Y  PETSHTlDH IRSIH. ULcL~nburs, a r < l o n l +  
1:1 eom.tr... d . I  .nbmll.nl .,o.. 

s*,.n,< ",," . .0.,9 

n < R e s u l t s  for  <rlt i i . l  5h.aP Sur4.i. I n  Case ol a 5e.rrh.l x 
.."""""*""""""""""".""""""*"""""*"".""""*"""""".#"""".."""""""" 

T O L * ,  Ef ' . i l ."e 

I l l C C  "om., Ilor.., I".., 

No. e n  r Stre,. S t r e s s  6 t r r r l  

il(lillLL7 NOT L I C E I D  . IOOE.Ol  
run or rlonrwi LBOVT C O O R O ~ N A T E  ORIGIN . 0 0  1. - .211C-021 

5UOt l lD ti01 EICECO . I O O L + O l  

C i l r C Y  suns - ,ALL i"0uLo ST snaLL, 
SUn O i  FOilCES I N  V E R T I C A L  ( I IRFCTION , 0 0  1 1  , 8 0 5 s - 0 % )  

SHOULD i iD7 E I C E r D  i O ( i E l O 3  

5"" 06 FORCE5 I N  HOR120NTeL L I i X l C T i O N  . 0 0  i. 2 8 7 5 - 0 3 1  ' 
81<01110 l l U i  E l l i S L I  l O O E ' O I  

sun OF n o n r ~ ~ s  nsou! COORDIN*II O R I C ~ N  . oo I I  - 2 2 1 ~ - 0 2 )  

%SOULO l i Y l  6 l < E T l i  . >OOL+OI i 
SHE" R5TIIEtICI1IISHEIIR FORCL CHECL-Sun . 0 "  I. .,I,E-ol, 

i l t D U L D  l l O T  L I C E C O  .lOOE,Ol 

~~ . . . . .. .-. .. . 
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PIEZOMETRIC SURFACE 

SLICES USED IN 
SURFACE PR STABILITY ANALYSIS 

- -  

SEISMIC, DOWNSTREAM SLOPE 

SLOPE STABILITY ANALYSIS 
CASANDRO WASH RETENTION BASIN 
FILE NAME: CASAN S 





......... -- .... .. .....- 
Y p s t r s a l  S L D O .  .n.Iy%l.. I , !  .1eD#. PIIF e11201et11c %ult .ce 

7A8LE NO. I0 ..................................................................... 
I HEY PYRFLCE PRESSURE D(iT(i - CONMHTION~L IP I I IS I -S7ACE COMPUlAr lOUS " ..................................................................... 

,AsLC NO.  1 ...................................................................... 
ME" I I I T E R I A I  PROPSRrl DLTl - CDNVENT1ONRL,FIRII-IT&CC C O I I P U I I T I O N I  m ...................................................................... 

O i l 7 8  FOR O L I 6 R I R L  T I P 6  I 

elb.n(rn*nt 1 1  11 

DRTR FOR nlTERI( \L TYPE 2 

thlnnrr o r r i n  . . . . . . . . .  . .  
CASANlO.WT 8-17-94 2:42p'  

w.tcr Pre,,"re. de$,"ed h" Dlezs*et?,c ,,"* 
HY.b.? 01 th. * i . i . . l i r lc , I" .  "led . I 

NI. .LIY.  P O I .  TT.II"T.. 1.1 LO 1.10 

O & i A  FOR " " T E R i i i i  i "P6  4 

".tl"I S O , ,  

A " 2 0 ,  4 ' "  . !4* - l a  d r l r  r.Llln.d 

U I P X 4 1 1  - Y L R .  1 . 1 0 7  - LOllllVi - I C 3  l 9 8 5 - 1 ? 9 !  1. 6 .  Y R I G ) t l  

O " , C ,  8,>,:,9"4 7,"7e, >.,xe,.o ,"*"t + , , C ~  <.%.",O L",  

<Al;aioan uni,, l lC rEN l io"  D " 5 l N .  Y,~l . , ,hYI. .  " r , z O " , .  

, : I  do"nrl , .rr .  dam .nTrmkn.n, it.. 

"*5<?*.rn 9 ,nve  a".L"s,s, > : I  ,>one, Pnr P , c z o ~ ~ , r , e  s"r'.e* 

148LC NO. h5 ................................. 
I NLU RltPLI l lTiCOnPUT4110N DATA . ................................. 
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2 6 . 5 0  117.00 76.00  I c e  n.l%As. Qn N c r t  Line<*> 

DEPTH OF C W C X  I3 CRSkTEII THAN OEPTM OI CIRCLE 

4 1 . 5 0  l l 7 . 0 0  76.00 I . O l B  1.16 5 
5 6 . l O  11?.00 76.00 5.251 1.11 5 
2 4 . 0  152.00 91.00 5.. tle%r.se on NIX, L L n e i r i  

DEPTH OF CRIICK IS CREhIER THliN DEPTH OF C t R C i E  

6 . 0  152.00 9I.00 1.116 2 . 9 7  
26.10 I67.00 106.00 I*. nerr.9. on N l l l  Ltnrl . ,  ................ 2 . 0  i s 9 9  4 ,  

l l a l I  2rl.l V A I U ~ I  Shorn libova Are Not  Corr.<L F8n.l V l l u c l ,  

i i i T A L  1R110e 1M LALCULIIT1WC FlCTOR OF S A I E T I  
i O L Y l l O H  010 HOT CONYLICC Y l i X l N  10 liERAilONI 

li.IO l b 7 . 0 0  iOb .00  2.812 I . + O  

5 6 . 5 0  l d 7 . 0 0  tOh.00 4.003 2.34 

3 9 . 0 0  l l 9 . 5 0  8B.IO 2.sB9 2 . 0 2  

4 1 . ~ 0  1 4 e . 5 0  s e r a  2.719 I.)? 
14.00 4 . 0  8 8 . 5 0  2 .767  3 . 5 0  

3 9 . 0 0  IS2.00 9 1 . 0 0  2 . 8 2 6  2 . 4 2  

+ + o o  152.00 e2.00 > .792  1.4e 

39 .00  151.50 91.50 2 .771  2 . 8 1  

11-50 151.50 9 3 . 5 0  2 .726  I . + )  

ll.DO 151.50 91 .50 2 .819 I 4 B  

10.00 150.50 B 9 . I O  1.790 2 . 6 8  

< ! . 5 0  150.50 89.50  2 .72 ,  1.10 

4 3 . 0 0  tSO.50 89.50 2 .742  X . 5 0  

40.00 152.00 91.00 2.760 2 . 9 0  

43.00 152.00 9 i . 00  2.75% 3 . 4 9  

40.00 151.50 92.10 2.71s 1 . l i  

41 .50  151.50 92.50  2.719 , . + I  

0 $53.50  92 .50  2 .7bB 1.49  

41 .00  lS1.50 90.50  2.7% 3.24 

.1.50 151.50 90.50 2.71% 1 . 4 0  

+>.DO 151.50 9O.SO 2.720 3 . 4 s  

1,.00 IS2 .00  91.00 2.721 3 . z  

12.00 152.00 PI.00 2 .724  l . l P  

4 i . 0 0  152.50 $1.50 1 . 7 1 6  1.15 

41.50 152.50 91.50 2.7II I.17 

0 151.50 9 i . U  1 . 7 2 7  3.4B 

A t  tn*  ."6 0 ,  the currmt nod. 0 ,  r..r<h th. nsrt cr'tlc.3 
i l r e l .  ~ h l r h  r.l (sun6 ha. the +ollOrlns r.lul% - 
I - c . n t l ~  . 4 1 . 5 0  7-center . IS2.00 Radius . 91.00  

Factor  o f  I l f . l l  . 2.712 5Ldl For(. InCl ln . l l0"  . 1.15 

YIEIRII - V C R .  1.101 - 10113111 - <C> 1985-!99! 1. 6 .  YR(CH7 

Oat . ,  8 , 1 ? ~ > 9 9 ,  T 'ec :  t 4 > 3 8 < 4 0  Znouk 4 ( ! t c  c a s a n t O . t z t  

C l l 9 l H O R O  WASH DErEnTlON 8411X. YlcXmbur9. I r l Z o n l .  

, : I  d.m.tr..n d.. I"h."k"("k 'lop. 

U o s l r e ~ n  rlooe .nalr,l.. X i >  .IoPe. POF Pl.zonelrlr rur 'ace  

i l l 8 L E  NO. 2 1  I,..I I-SIICE FlnAi t l l l l l C l i  CIRCLE inFORnlrlDIi '"""" 
I Caerdlnrt.  a' Center - - - - - . - 11.900 

" Coordin.,. 0' c.nt.r - - . - - - - I 5 2 . 0 0 0  ..................... + , . O W  

r.ctor s f  I a t e L ~  - - - - - - - - - - 2 . 7 1 2  

S i d e  For.. I n i t i n a t t o n  - - - - - - - 1.41 

Numbrr . , r r > c .  I r l . 0  - - . . - - I.9 

lasir NO. 26 .............................................................. 
" coardln.Le.  we,.,,,. I l r .n9th .no Pol. w t r r  P,<,,"iC I 

" In'ornallon I e r  i n ~ l r l ~ u . ,  l i ( C . 3  ' O i  Con"entlon.l 

I C a n ~ u l r t l o n r  e i  F l r l l  I t . 9 ~  0 ,  t lu l l l -51 .se  C o l l P u l r t l o n r .  I . l l n l D r n a l l D n  I ,  'or lb .  T . , L i < . l  3ne.r Suri.<< I n  L". " 
" C l l r  0 ,  m iiuton.t,r i*.rm., 

U T I X h I I  - YER. > . I 0 7  - !01>1,9l - < C )  $ 9 8 9 - > 9 9 I  1. C .  Yl l lCHT 

,ABLE ND 2, ............................................................. 
n Ieirmlc F o r t r l  2nd F o r c e r  Our L Q  S u r f a c e  Prel .ur .s I s ?  .. 
" fnb>"id". l  i i , r r ,  ' 0 ,  <.nulntion.l Com."l.,lon, a i  ,nr " 
I t l r 3 k  5L19e 0 8  n u i t l - 8 1 . 9 e  C ~ s ~ ~ t . t l 0 ~ 3 .  . i l n i o r n r , , o n  I, 'or t n r  i r , L l i r l  inerr  sur t .er  i n  the " . c.re 0' m L,.tan.ll< 5..TCh.l 

FORCES l l r  10 I Y Y I R C E  PRTSIYl l65  

" ,ar 

I,,<. i . , , l i C  i e i , n l <  Worn., in..r 
*a .  I i a r c r  Force rerrl. poire 

. . . . . . . . .  . . . . . . . . . . .  - ........-.......... 
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I 3 9 . 6  0 .  61.1 426 , .  0 19 d 

2 r 3 . 9  0. L 2 . I  .PI&.  0 ,, # 

I $ 8 . 6  0 .  11.0 11.0. 0. 4 8 . 6  

1 51.1 0 .  6l.L 1927. 0 .  5 1 . 3  

5 5 B . i  0 .  6 5 . 1  141,. 0 .  5 B . 0  

6 62.7  0 .  6 6 . 5  2906. 0 .  b2.7 

7 6 1 . 3  0 .  7 .  2W7.  0 6 7 . 1  

B 7 1 . 9  0 .  69.4  1921. 0 .  1 1 . 8  

9 76.3 0 .  7 . 9  1158. 0 .  76.2  

10 80.7 0 .  7 2 . 6  l O l b .  0 .  8 0 . 5  

I 1  81 .9  0 .  7 1 . 1  402 .  0 .  81.7 

12 S 9 . 0  0 .  76.1 219. 0. 88.5  

I 3  9L.l 0 .  77.4 2. 0 .  91 .2  

I +  92.8  0 .  7S.l 0 .  0 .  9 1 . 8  

15 91.2  0. 78.) 0. 0. 94.2 

UIEIASI - VER. 1.101 - 10111J91 - I C I  1985-,991 6 .  6 .  YRlGHT 

D a t e I  B1%7.L994 Tlncl  1+,18140 ln lu l  f i l . ~  c.rant0.krt 

CRIANDRO Y651( OETENTlDN B h I I N .  UlckmbWrs. Orlroola 

3 . I  domltr... dam anb.nkncnt slos. 
U ~ s t r e s l  sL.0~ a n a l n l s .  1st slope. PIIF ~lezoaetrlr sur$ara 

TLOLE I". IB 
"h"s"..""""." ...,. "*..."""""""." ..,. """"".".."""*" .... """""X"." 

I rinri R ~ ~ ~ L ~ ~  to r  ic iesrrr  a long t n r  i n a r r  5uis.ce 

I t R c , " l l r  t o r  c r , i i r . l  Sh*.i 5ur,.<* i n  c.re 0' . s*.rcn.> . 

YhLUEI n i  CENTER OF BASE OF S L I C E - - -  

, D l . ,  E i ' . C t i " .  

Z, ,<.  N0rn.l Nsinll she.? 

N.. * " , stre,% s t r e r r  

- ...~. . .~ 
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-------PIEZOMETRIC SURFACE 

SLICESUSED IN ,/ - 
STABILITY ANALYSIS ' 

STATIC, UPSTREAM SLOPE 

SLOPE STABILITY ANALYSIS 
CASANDRO WASH RETENTION BASIN 
FILE NAME: CASAN 10 



CHECK suns . t a u  ruouLo sr snrrrl 
sun or foacrr IN v r r r ~ l r a ~  ~ X R E C T X O H  . .oo I .  . I I & E - O ~ ,  

5HOULO "01 CICEEO . I O O E + O f  

Sun O I  FORCES I N  HORIIONTRL D l l l E C T l O N  . .00 <. . 7 7 1 E - O l >  

SHOULD NOT T l i C S O  . > O O E 1 0 1  

Sun o< nOnENiS ABOUT C00RDXWl)iE O R I G I N  . - . 0 1  < *  -.133E.O>> 
IHoYLD UOT EXCEED . I O O E I I I I  

1m14R 9 7 R C N C T Y I I H C 8 R  FOTtCE CIIECX-5"" . .00 1. . > 2 9 C - O > >  

IHDYLO W O I  CXCEEO ,100EaOl 

u T E I ~ S I  - V C R .  1.107 - 18/13/91 - i C )  1981-1191 1. L. Y R l C l t i  

O a t . ,  8 , 1 7 , 1 9 9 1  lll3&>l0 fnPul f l l e l  <.rmfO.t"t 

L4i i i t t0110 Y41W DCILWIIOt< 8 A I I N .  Y l t l c n b u r l l .  l i l l o n i .  ................ *"b."k"rn, ‘1.0. .................................................... 

For tn .  i n i t , . ,  "ode Of  '..?.h ....................................... 
P 14.000 

TADLE NO.  is 

I N F O R M T I 0 3 8  F O R  IU(IRLNI nOllE OF STliRCN - A l !  C l r t l r s  A i r  I a n s m t  
to  . ,iDrllon,rl La"* .i )I . ,l.OOO 
................................................................ 

I - I L l s r  

C r n l r i  caa, b l n r l r r  I.EL., l i d .  FDCi. 
04 I n r l , " . , > s n  

Rae i,,, I l l r , *  iutrrre , ,  , l r r . t i O n ,  

i8.5I) 107.10 61.50 2 . 0 2 0  1 . 8 1  

l i O Y  107 50 6 3 . 5 0  >.SO6 I.$O 

21.50  1 0 > 1 0  81.50 I S 0 0  4.8,  

l S . 5 0  ilO.00 6 6 . 0 0  2 . 0 3 .  1.*.  

zis,, I IC1.U" 6 b . O "  l B B I  5 .0"  

1 9 . 5 0  i i 2 5 0  611.50 2 . D S 1  . . . . . . . . .  " 0 s  
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TeeLC NO. I 9  

I N F O I I I ( 8 I I Y N  FOR C U l l l i T l i l  nOliF OF IERl tCH - a I I  ilrclss H i v e  t h e  ........................ 
............................................................. 

t-ltrgs 

c r n t @ r  c a o i e l n l l c r  Factor  * > a *  Fmcc- 
0' ,n<,,n.t ,on 

R.ei". Srfei" , ,  It.F.,i*". 

9 - 5 0  120.00 s > o o  Bottom -*' i * r c , e  .xieeos .lisr.ble 

deoLh - C l R C L l  RE>ECTED 

1 1 . 5 0  120.00 e,.oo Bottom O f  r > r c , .  r"r.edr l i l o r a b i e  

depth  - C l l l C L E  R E i E C i E D  

3 9 . 5 0  liO.00 e,.oo a o t t o n  at c i . r , .  e"rerb, . I l s r . b l e  

dasth - CIRCII PlElECiEO 

9 . 5 0  l l S . 0 0  e l . 0 0  2 . 4 1 2  1.90 

3 9 . 5 0  ! > S o n  91.00 8.987 7 . t +  

9 . 5 0  150.00 98.00 I t *  n c r l a 9 s  on Next L l n r l r i  

C I R C L E  O O E I  NOT 11ITLRIECT LLDPE 

21 .50  l S 0 . O D  9 1 . 0 0  i c r  n.rr.9c on "I", Ll"e< . i  

La rk  r r i a l  V a l u * ,  . i > . B 7 1  7 2 . 0 5  1s 

v . > ~ ~ ~  snDrn A ~ V .  lire N ~ L  c o r r e c t  r lnrl   ell 

Y l L U l  OF 510E FORCE I N C L I N I T I O H  BECR"E O U T I l O E  RiiNCE 01 

C R M  - I D . D O  70 B O . 0 0  DECREES 

39 .50  150.00 91.00 1.583 6 . 0 4  

S 4 . 5 0  115.00 91.00 2 .528  6 . 2 6  

5 1 . 5 0  150.00 91.00 1.970 6.81 

23.50 i b s . 0 0  s1.00 iar. n e s r a g s  on wex< ~ $ n e < s ,  
C I R C L I  O O E I  NOT I M T E R S E C I  SLOPE 

39 .50  165.00 91 .00  111 n t r r a s e  on Next L L n e t r i  

LlRCLF 0065 NOT l N I E R I E C i  SLOPE 

14 .50  l b S . 0 0  91 .00  3.. n F l l l s e  0" N I X <  ii".<l, 

C I R C L E  OYEI I I O I  1NTERLECT SLOPE 
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............................................... 
, . I .  "h,.D r.. '.""d ".. th. ,.llorlns ".,"el - 

I-c.nt.i. 4 4 . 0 0  ".C."t.?. 154.00 Rid,".. 71.00 

F.etOi o'  3.t.t" . 1.556 l l d .  PO?<. ,n.,,n.t,on . 5.19 

U T E I A I I  - YE.. 1.107 - 10113191 - I C 1  I.)85-l9Pi I. C. Y R l C I t i  

Oat., 8 . 1 7 t 1 9 9 l  7Ln.1 11.18840 ,nou, l l l s i  c.IAnlO.tkt 
C45R11DRO Y l S H  l lE i lWTlDN 8851". U i c b e n b u r ~ .  Ir lzonl .  
I , ,  d.rn.t,..* 6." ."b."l"."t .,.PI .................................................... i R B L t  NO. 2 1  

I ~ I ~ I  I - I 1 8 C F  FINAL C R I T I C A L  C i R C l i  Z l l S O R n R T I O N  " " x " "  

" c , ,  m ,  " - - - r t . 0 0 0  

. . . . . . .  I CourUin.l, o <  Center  154.500 

Rld("r . . . . . . . . . . . . . - .  9 l . 5 0 0  

l r t t n r  o i  5 . t e t r  . - - . . . . . - .  ,.IS5 
. . . . . . .  l i e .  F o r r e  Inellnr$>on 5 . 7 5  

Numb<? 0' r i r c l e l  trl .4 . - - - - - i > B  

4 ,  ' I ,  F . 0 - - 167 

UIEIPSI - V C R .  > , L O T  - i o t l w e z  - i c i  I ' S S - I W >  1. C .  Y R ~ C H ,  

D. tC,  8 , I , , ,  $ 9 ,  , ,me ,  ,,,,e,,o ,"W, ',I*: C . S . " > O . t " k  

c*iannao ""S" O t l E N T i O M  B I 1 S I N .  "li l*"bil ,9.  41110.1. 

, , I  ,darn,tVr.n ,,.- .n"mkn.nl r i w r  . . .  ... 
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$ 1 1 ~ 1  S I < C =  ".kt. ~ ~ l ~ t c ~ ~  pore 

No. I Y YeLsnt TYPe Csbeslon A w l *  Pre%surc 

TRBLE NO. 27 ............................................................. 
" ' 0 " 6  . 0 "  0 " " ' 0  " 
" I"d,"ld".l l i , . .S ' 0 ,  Cnn".nt,on.l ConDu$rt lonr 0-  f h .  " 
I F x r l l  Stage 01 nultl-SL19e C ~ ~ ~ u t l t i a n s .  . Ilninrlalinn I s  t o r  the Cr l t1r . l  Shear l u r f r c e  1 0  t h e  . 
I i r r c  0' .n l" tOrn . t ,<  I..,C"., 

B 7 4 . 5  2,s. 7 I & ? , .  0 .  7 1 . 1  71.3 

I i e . 0  2 5 1 .  7 2 . 1  i 2 O b  0. 7 8 . 9  73 .8  

10 " 7 . 4  22& .  7 1 . 1  766 .  0 .  8 1  2 7 6 . 2  
I 5  " 7 6  1 8 2 .  75 .5  351. 0. 8 7 . 3  77.4 

12 " O . L  6 2 .  7 7 . 2  31 .  O. e o . 7  > e . b  
11 2 .  67. 7 8 . 2  0. 0. 9 2 . 7  l 9 . l  

UIEIflII - V C R .  . a  - 0 9 ,  - , 9 ,  3 .  c ,  un,ax, 
o a t * ,  e:t7:$?9< 7,r"e, , 4 : , 8 , 4 0  ,W"t , s t * :  C.%.",O.,"t 

C A I I U O R O  illiSIi O l i i l t 1 1 0 N  B A S I N .  U i i l e n O ~ r g .  f i r l zan la  

3 x 1  dounr t rera  dam enbanknml 5I.p. 

"Pscr#.m s ~ o ~ a  >"a,"52,, 3 ,L  ,,oPe, ?nF ~ ! ~ z * m e t r , c  %"?',e* 

7"BLE NO.  2' .................................................................... 
" In 'ormrt ion  C.n.r.t.e Dvr lns  It.r.ll"r i 0 , u l i . n  i.r th. F a c t o r  . 
" 0' Sa ia t ) .  and 5x6. Forts Lnilinalton br i p e n c r r ' r  Proccsur. .................................................................... 

Trlrl T r i a l  

i r c l a r  l i b *  Force F o l i e  nnntnf D l l t A  
m -  0' rnc,<n.t,cn I.h.l.".. Inb . , ln i r  Olit..F met. 
a t l o "  i a i e t r  id<riraer, < I b , . l  C+t..Lb,., Idelircsr, 

I I O O O O O  15.0000 ,227OE'OI -.BiObE.OS 

F i r T t - e r d c r  <orreitlonr t o  F m d  IXETh ......... - . I S < E l O i  -.Ib2G+Ol 
Values f a c t o r e d  br .i?lE.DO - D e 1 t 1 %  Lea i a rs .  - . 5 0 0 E ~ O O  -7ISE+OO 

2 2 .50000  19 .2851  .I?ltE+O1 - .65011'05 

F i r s t - a r 6 e r  ioiiertl.nr t o  F md THEIR ......... - . t I > T , 0 l  -.3BBE+Ol 
V "  a " 3 0  . 0 ,  0 4 - .SooE.Oo . . a .  2110, 

1 2 .00000  12.8675 .9411ElOI - 3 i 9 b C 1 0 5  

F i r r l - - r o c ?  inlrecL$onl Lo F m d  THE,& . . .  ..1111100 -.4251101 

Value, 1 a c L o r r O  bu . 9 7 @ E , O O  - B e l l a s  t o o  1119e  -.rooEroo - .r lsrtol  

1 1.50000 B . ? i l i  -.26PIE*Ol .>iI9T.O5 

F i r s t - o r d e r  r u l i c i l i o n ~  t o  F m d  IHEIR . . . . . . . . .  ,159E-01 -.XSOLIOI 
Secund-"to*r  r o r r e < t l o n  . I l ~ r r t l o n  I . . . . . . .  . % I > C . O >  - , , ~ o c ~ o ,  
I l rnn i l -ordsr  C..rl.e.tlnn . I le r .< lon 2 . . .  , 1 1 2 C - 0 1  -.350ElOl 

I > . 5 1 1 2 >  5.2118 ,18721101 - . 1 2 1 7 C + 0 +  

C l r r t - o r e e r  CoireCtiQnr l o  F m d  T H E V  . . .  4 1 4 1 - 0 2  ,510EIDO 

Sccone-erder ' o r i o c t l o n  - , < e r r l i o n  I . . .  .l,,E-OI .I,OE*bO 

Second-order c e r r e r l l o n  . I l e r a t i o n  2 . . . . . . . .  4IIE-02 .SIOE+OO 

6 1 .55538  5.7Ill -.IO6BL-Ol .qlblElOi 

F i r s t - a r d s r  <nricclionl I 0  F m b  W E T 8  . . .  . . lsBr-04 ..>12E-02 

5 r c * n d a l o t r  i u i r c c l l o n  . I t e r ~ t l o n  I . . . . . . . .  - 1 6 5 1 - 0 4  -.IB&E-02 

1 > . 5 5 1 1 1  5 . 7 5 1 2  - .10521-01 I I O B S . 0 0  

First-nrbur i a i i e i t l o n s  t o  6 2nd THETh . . .  . . 2 l i E . O I  - . 2191-01  

? l r l a r  0 4  5 . l . t ~  - - - - - - - - 1 . 1 5 1  

$ 3  r " " t  - - - . . 5 . 7 3  

livn,,rr i,l ,,.,.,lo,,. - - - - - . 7 

U I L I I A I I  - Y E I .  , 1 0 7  - 9 C 9 5 .  C.  Y R I C U I  

O A t E :  @ : > ? . > 9 ? 4  I < m e ,  1 < , 3 8 > 4 0  fnPu< # S t * :  < ~ 5 a n b " . k ~ t  

CRSRNDRO U l i H  D C l E N i l O l l  8A1111. V ic lenhurg ,  8illonir 

, , I  Oouli,trea. 42" .nal.,r..nt ,lo.* 

UPst#.mam ~~~~~ 4 n ~ ~ v ~ # s ,  3 : >  s > a ~ e ,  PnF ~ f e 2 o u c t r > c  % u r # a c e  

i l i 8 l L  110. IR ............................................................... . i i l l r l  i *er" l l r  i a r  5trerrer  Alan9 tile i n r r r  i u r l r i .  
. . . .  
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SPENCER'S PROCTDYRE Y9GP TO COnPUIE F K T O *  [IF S I F L T I  

<.<lor 01 511tL1 . 1.515 S l d r  < o r r e  inclin~tl-n . 5 . 7 5  Dcsrrrl 

. . . . . . . . YIILYES RT CENTER OF B a l l  OF S L I C E - - - - - - - - -  

rot., El'lctire 

l i l c -  Nor.., I l0rm.i S".., 
No. X "  " strrrr 51rr.s 51r.rs 

4 3 . 8  0 1031.2 34 .8  LB.8 

2 4 6 . 4  6 3 . 1  1072.0 1 7 . 5  4 i . 8  

51.2  61.1 1121.8 ill.0 7 7 . 1  
55.9 61.8 1118.0 190.1 102.7 

60.7  b 4 . L  1 1 2 1 . ,  221.5  i l 9 . 5  

65 .1  65.6  l07b.6 217 .B  I P B . 3  

7 0 . 0  6 6 . 8  lOO2.2 240.8 129 .9  

B 7 4 . 5  bB.> 900.9 211.8 125.1  

7 . 0  7 0 . 0  7 1 4 . 1  212.1 114 .q  

L O  8 . 4  7 .  2 183.0 9 8 . 7  

I I 87.6 4 .  150.6 l 3 S . B  78.7 

12 9O.b ' 7 5 . 8  117 .2  > $ d l  61.6 

II Sl.7 7 . 0  127.6  131.3 7 0 . 9  

CHECK SUMS . (ALL SHOULD BE SnRLLI 
Sun OF FOIICES IN YERTiC lL  OlRECflON . .a0 i. .B IPE-03 ,  

SHOULD HOT EXCEED .lOOEsOI 
run OF FORCES i N  HORIZONIAI DIREC710N . . 00  1. .552E-031 

SHOULD Mi EICIEO . IDOE103 
5Un OF nOOEHTI R S O Y I  COORDINATE DRlClN . - . 5 0  1. - .S I )OEtOOl  

SHOULb NOT ClCEEIl . IOOEaOI 
SHEAR STREHLTHTIHEI)R FORCE CHECI-sun . .oa <=  a o 2 r - o m  

SHOULD NOT EXCEED .1006101 

UIEIISI - VCR. 1,107 - 10111111 - I C I  1981-l99l 1. 0 .  " R I C H 7  

Date, Bii7e199+ Tinct  11118810 Ineut t l l . ~  C.lanlO.txt 
CBSIVIDRD "ASH DFIFWTIOH BA518. Y iO(nbur9 .  I r l l O n < .  
I , ,  dom%tr.m dam embankment ~ 3 0 1 .  

U ~ % t r e r m  'Ioe. m.lv.3.. 1.1 r!oo*. PI1F Pi.ronetrir ,urt.r* 

TABLE "0.  I9 
"""*""""""""*"""."""*""""*""""""".""*""""..""""""""""*"""""""""" 
" Fin., R.."lt. t o r  %,a* Ferca, ma i tr*s.er 8.tr-m 9,icrr. 

s IR.%U$+% tor  C r l t l c a l  5hc.r BYrl.e. I n  La*. 01 I*.reh.> I 

" .,... ""."""""" ,..... """""""""""."""."""*"""".""""""""""n".."""" 

SPENCER'S PROCEDURE UIEP TO COOPUTE FACTOR 0' ILFETl  
Facts? a4 S a ( e 1 y  1.555 l i d .  Force Intlio.LiOR . 5 . 7 9  019re.I 

. . . . . . . . . . . . . . . Y A L Y E I  I T  I1II iMT SIDE  OF 5 L l C l  - - - - - - - - - - - - - - - -  

I.C*.ld. 0' rr .c t ion  i l 9 " .  Z < m .  

I l i r r  l l d e  $ id .  FoTCe ot a t  a t  

no I. l l l9"t Forre  L.i.l,." H*,."l lo. cotton 

4 4 . 0  171 .  6 2 . 1  . 6 l b  1 1 6 1 . &  118 .8  

lB.8 >6@&. 6 4 . 0  ,511  1 2 1 4 . 4  81+.0 

f 9 l . b  2818. 15.0  ,517  1207 .3  1 7 1 . 5  

5 8 . 1  3593 .  b 6 . l  ,511) llO4.0 1 7 1 . 7  

$ 3 . 0  39.4. 6 1 . 1  ,521) 9 l l . l  > a 6 6  

7 l S l l .  6 8 . 6  ,510 811 .1  111.1 

1 2 . 1  75+9 .  7 0 . 0  ,500  6 8 9 . 5  6 9 1 . 7  

,&.a 2924 .  1 1 . 5  . r e ?  5 r t . t  a l 7 . l  

8 1 . 2  1112 .  ~. 
71.1 , 1 7 7  1 1 1 . 2  l l B . 8  

~~~~.~ . . . .  -.. . ~ 
~. 

CASANl0.WT 8-17-94 2:42p 
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Casandro Wash 
Seepage Analysis 

- 
Group H (ft) K (cmlsec) T = 1 day T = 5 days T = 10 days T = 20 days 

1 Avg Vert K 5 0.0005 4.5 10.1 14.2 20.1 
10 0.0005 6.4 14.2 20.1 28.5 
15 0.0005 7.8 17.4 24.6 34.9 
20 0.0005 9.0 20.1 28.5 40.2 

2 2xAvg Vert 5 0.001 6.4 14.2 20.1 28.5 
10 0.001 9.0 20.1 28.5 40.2 
15 0.001 11.0 24.6 34.9 49.3 
20 0.001 12.7 28.5 40.2 56.9 - 

3 lOxAvg Vert 5 0.005 14.2 31.8 45.0 63.6 
10 0.005 20.1 45.0 63.6 90.0 
15 0.005 24.6 55.1 77.9 110.2 
20 0.005 28.5 63.6 90.0 127.3 

4 20x Avg Ver 5 0.01 20.1 45.0 63.6 90.0 
10 0.01 28.5 63.6 90.0 127.3 
15 0.01 34.9 77.9 110.2 155.9 
20 0.01 40.2 90.0 127.3 180.0 

John Livingston 

13-Apr-94 
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Type of Material Casandro K & J U a L b  Detentionam - J ob No. -2.1- 

Source of Material s--- I.ab/lnv. No. N / A  

Test Procedure ASTM D422 Tested/Calc. By q i  . snn . -- Date 7/7/911 

Reviewed By -cr , - -  Date .-. 
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3. When outlet velocities exceed 25 times the allowable channel velocity, an 
energydissipatorshouldbeprovided.Severalenergydissipators aredescribed 
in Chapter 6. 

Cufoff Walk: Acutoff wall placed at the culvert outlet ina natural stream provides 
adequate protection downstream when the scour will not be excessive, or where 
the development of a scour hole wi l l  not undermine nearby structures so that it is 
practical to allow localized scour. 

The foUowingaiteriaapplicable to cutoff walls is based on thecomputed.scourhole 
geometry. The procedure for determining the scour hole geometryfs presented in 

1. The depth of the cutoff wall shall be equal to the mi&mum depth of scour. 

2 The width of the cutoff wall shall be a minimum of one-third the maximum i. . ...- ~ .r.. . ~ . . . . ~- .. . . . . scourwidth ;- .---; - - --..-- -. -~ ~ - ~ - ~ - ~ - ~ -  . - 
3. The depth of the cutoff wall should not nonnally exceed six feet. Where a 

I deeper wall is necessary to meet the above criteria, either another form of 
protection should be employed or an analysis will be required to substantiate 
the walls structural stabiity- 

4.5.2.4 Safety: Inlets and outlets to dosed conduits may present dangers to the 
public when accw is not controlled. Refer to Section4.327 for the safety rapire- 
ments related to conduit inlets and outlets. 

4.5.3 Design Procedures 

I 4.5.3.1' Scour Hole Geometry: The objective of this sectionis to presenf a method 
for predicting local scour at the outlet of stmdures based on soil and flow dataand 
culvert geometry. This section has been adapted from the Hy&auIic D&gn of E m g y  
Dissipafors for Culverts and Channels (FHWA, HEC-14,1983). 

The scour hole geometry varies with tailwater conditions with the maxhiumscour 
aeomehv occurrina at tailwater devths less than half the culvert diameter with the " - 
maxim& depth of scour (hs) dccuning at a location approximately 0.4 C, 
downstream of the culvert outlet, where L, is the length of scour. 

I Empirical equations defining the relationship between the culvert discharge inten- 
sity, time, and the length, width, depth, and volume of scour holeare presented for 
the maximum or extreme scour case. The dimensionless scour hole geometry is 
shown in Figure 4.78. 

Cohesionless Muterial: The general expression for determining scour geometry in a 
cohesionless soil for a circular pipe flowing full is: 

M M B  Dimensionless Scour Geometry = Q ( Q / g  D ) (f/f,, )e (4.14) 



Closed Conduits 

For nondrcular or partly N1 culverts, the diameter D can be replaced by an 
equivalent depth, ye: 

A is the aoss sectional area of flow. Modifying Equation 4.14 to include the 
equivalent depth results in the general expression: 

H P ~imensionless SCOW Geometry = a, ( ~ / g %  ) ( f / f ~ ~  (4.16) 

where: + 

% - - aoa25P-1f~r h ~ ,  W,and L, 
a, - - aoa25p-3  for VS 

The values of thecoefficients a, c+, $,and 0 in Equations 4.14and 415 are given in 
Table 4.7. 

~ .... . ~ ~~ 2 ~ ~~~- ~--- - ~ ~ ~~ . ~. :. ~~ 

Gmdationr The cohesionla bed materials presented in Table 4.7 are cdtegorized as 
eitherunifonn (~ )o r~ raded  (~).~hegrains&*tionisdet~ed~@om- 
ing a sieve analysis (ASTM DA22-63). The standard deviation (a) is computed as: 

wherethed~ofdgqandd~6aresctractedfrom~e~grainsizedis~tion Ifas 1.5, 
thematerial is considered to beuniform; $a> 15, thematerial is da&ied as graded; 

CohesiveSoik: Kthecohesivesoilisasandyday~totheonetgtedatColorado 
State University by Abt, et aL Esuations 414 or 416 and the a u u m u x i a t e ~ e n t s  in 
~ a b ~ 4 . 7 ~ ~ ~ t o e s t i m a ~ ~ l e ~ ~ 0 ~ 1 h o l e ~ o 1 ~ ~ .  %e&ndY day tested had 
58 pefient sand, 27 percent clay, 15 percent silt and 1 percent organic maw, had a 
mean grain size of 0.15 mm, and had a plaslicity index 0 of 15. 

Since Equations 4.14 and 4.16 do not include soil characteristics, they can only be 
usedforsoiIssimiIar to theones testedShearnumberexpressio~,thatr&tedxo~~ 
to the critical shear stress of the soil, were derived to have a wider range of 
applicability for cohesive soils besides the one specific sandy clay that was tested. 
The shear number expressions for circular culverts are: 

and for other shaped d v &  . . . , 

hs/ye. W,/y& Ls/ye or ~,/y: =a, (p V'AJ~ (f/tde ( 4 ~ 9 )  

where: 
a, - - d(0.63) for h, Ws, and L, 
a, - - a/(0.63)~ for VS. 



Table 4.7 
Experimental Coefflcientsfor Culvert Outlet Scour 

CohesiveSandy 0.15 V-1 orV-2 1.86 0.57 0.10 1.53 8.63 0.35 0.07 9.14 15.30 0.43 0.09 14.78 79.73 1.42 0.23 61.U 
Clay i1 
6VASand PI 15 

Clay PI 5-16 Various V.3orV-i 0.86 0.18 0.10 1.37 3.55 0.17 0.07 5.63 2.84 0.33 0.09 4.48 0.62 0.93 023 2.48 

V-1. For Clrcular Culverts. Cohesionless maiedal or the 0.15mm cohesive sandy chy: V-3, For Circular ~uivetts. Cohesive sandy chy with PI. 5-16: 

hs W L 
[E,+.b.or $1. a[-+J[iJ $1 = : ? (~ ] [~ r  

V.2. For Olher Culvert Shepea, Same matedal as abeve: 

where b - 316 min. 

- 
where b . 316;min. 

V-4. For Other Culvqrt Shapes. Cchesive sandy day wih PI = 5-16: 
I [;3$8;oi $1 = Q[$][;~ 

where b 316mln. 
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CASANDRO WASH: Plot of 0.5-PMF 
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URRENT DATE: 09-22-1994 

t NT TIME: 14:39:16 
FILE DATE: 09-22-1994. 

FILE NAME: CU-BASIN 

- 
............................................................................... 

X..tttt*t*****t****W HY-8, VERSION 3.2 ***********""****""*** 

SITE DATA I WLVERT SHAPE, MATERIAL, INLET I 
I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ * * - - - - - - i - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - l  i: INLET CUTLET CULVERT I BARRELS 

V I ELEV. ELEV. LENGTH I SHAPE 
I 

SPAN RISE WNNING INLET I 
(FT) (FT) 1 MATERIAL (FT) (FT) n TYPE I 

\ - - - - - - - - - - - - - - - - - - - - - - - - - - [ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - [  4 (FT) 
1 1 32.20 32.00 100.00 1 1 RCE 80.00 10.00 .012 CONVENTIONALI 

................................................................ :BUY OF CULVERT FLOWS (CFS) FILE: CU-BASIN DATE: 09-22-1994 

V (FT) TOTAL 1 2 3 4 5 6 ROADWAY ITR k::: 0 0 

0 0 0 0 0 0 1 

370 370 0 0 0 0 0 0 1 

37.71 740 740 0 0 0 0 0 0 1 

'7.95 1110 11jO I 0 0 0 0 0 0 1 

8.17 1480 1480 0 0 0 0 0 0 1 

38.38 1850 1850 0 0 0 0 0 0 1 

t 8.59 2220 2220 0 , O  0 0 0 0 1 

8.80 2590 2590 0 0 0 0 0 0 1 

9.02 2960 2960 0 0 0 0 0 0 1 
39.23 3330 3330 0 0 0 0 0 0 1 u 9.45 3700 3700 0 0 0 0 0 0 1 

0.00 33219 33219 0 0 0 0 0 OVERTOPPING 
.................................................................... 

............................................................................ a 
SUMARY OF ITERATIVE SOLUTION ERRORS FILE: CU-BASIN OATE: 09-22-1994 

HEAD TOTAL FLOW X FLW 

ERROR(FT) FLOU(CFS) ERRORCCFS) ERROR 

0.00 0 0 0.00 
37.44 I 32'20 

0.00 370 0 0.00 

37.71 0.00 740 0 0.00 

37.95 0.00 1110 0 0.00 

I 38.17 0.00 1480 0 0.00 

38.38 0.00 1850 0 0.00 

38.59 0.00 2220 0 0.00 

38:80 0.00 2590 0 0.00 

39.02 8 39.23 

0.00 2960 0 0.00 

0.00 3330 0 0.00 

39.45 0.00 3700 0 0.00 

1 ............................................................................. 
TOLERANCE (FT) = 0.010 <2> TOLERANCE ( X )  = 1.000 

.............................................................................. 

inpus into scour-  

hole - Jr'~e4sr'o1\ 

r o  K + I ' Y \ ~  



ENT DATE: 09-22-1994 
ENT TIME: 14:39:16 

FlLE DATE: 09-22-1994 
FlLE NAME: CU-BASIN 

t*t*t*************t*********.**L*tt********************* 

"*t*****t*t...******** CULVERT # 1 .......................... 
.** .......................................................................... 

PERFORMANCE CURVE FOR 1 8ARREL(S) 

I H E  TUE ICH OCH FLW CCE FCE TCE VO 
(CfS) ( f t) ( f t)  (ft) (ft) TYPE (ft) ( f t )  (ft) (fps) 

32.20 32.00 0.00 -0.20 0-NF 0.00 32.20 0.00 0.00 2: 37.44 3 1 3 1  5.246-FF 0.00 0.00 0.00 5.29 
740 37.71 33.14 2.07 5.51 6-FF 0.00 0.00 0.00 6.66 

37.95 33.46 2.71 5.75 6-FF 0.00 0.00 0.00 7.63 E G.17 33.74 3.28 5.976-FF 0.00 0.00 0.00 8.40 
38.38 33.99 3.81 6.186-FF 0.00 0.00 0.00 9.04 

2220 38.59 34.23 4.30 6.396-FF 0.00 0.00 0.00 9.61 
,3830.. -34.45 4;76 . . .-6:60...6-.F~..- --.0;00 . . --O:OO 0.00 10.12 

0 39.02 34.66 5.22 6.82 6-FF 0.00 0.00 0.00 10.58 
3330 39.23 34.86 5.67 7.03 6-FF 0.00 0.00 0.00 11.00 

P 0 39.45 35.05 6.11 7.25 6-FF 0.00 0.00 0.00 11.40 

El. i n l e t  face i n v e r t  32.20 f t  EL. o u t l e t  i nver t  32.00 f t  

EL. i n l e t  throat  i n v e r t  0.00 f t  El. i n l e t  crest  0.00 f t  

............................................................................... 

SITE DATA ***** CULVERT INVERT '************* 
INLET STATION (FT) 0.00 
lNLET ELEVATION (FT) 32.20 

I WTLET STATION (FT) 100.00 
WTLET ELEVATION (FT) 32.00 
NUMBER OF BARRELS 1.00 

I 
SLOPE (V-FT/H-FT) 0.0020 
CULVERT LENGTH ALONG SLOPE (FT) 100.00 

*** fllLVERT DATA SUMMARY ***********t*-****x* 

I BARREL SHAPE BOX 
BARREL SPAN 80.00 FT 
BARREL RISE 10.00 FT 
BARREL MATERIAL CONCRETE I :AR.R~~lNGfS N 0.012 

CONVENTIONAL 

I 
INLET EDGE AND WALL BEVELED EDGE (1.5:l) 
INLET DEPRESSION NONE 



ENT DATE: 09-22-1994 
ENT TIME: 14:39:16 

FlLE DATE: 09-22-1994 
FlLE NAME: CU-BASIN 

................................................................................. 

.................... TAILWATER .......................... 

*** REGULAR CHANNEL CROSS SECTION ******n******** 
BOTTOH WIDTH (FT) 100.00 
SIDE SLOPE H I V  (X:l) 0.0 

I CHANNEL SLOPE V/H (FT/FT) 0.020 
MANNING'S N (.01-0.1) 0.035 
CHANNEL INVERT ELEVATlON (FT) 32.00 

I 
CULVERT NO.l WTLET INVERT ELEVATION 32.00 F1 

*** UNIFORM FLOV RATING CURVE FOR DOWNSTREAM CHANNEL 

I FLW W7S.E;-fRWDE VEL. 

(CFS) (FT)  NUMBER (FPS) 
0.00 32.00 0.000 0.00 

I 370.00 32.75 0.999 4.92 
740.00 33.14 1.066 6.47 

1110.00 33.46 1.106 7.59 
1480.00 33.74 1.135 8.50 

I 1850.00 33.99 1.157 9.27 
2220.00 34.23 1.175 9.95 
2590.00 34.45 1.190 10.57 

I 2960.00 34.66 1.203 11.13 
3330.00 34.86 1.215 11.65 
3700.00 35.05 1.225 12.14 

SHEAR 
(PSF) 
0.00 
0.94 
1.43 
1 .a3 
2.17 
2.49 
2.78 
3.06 
3.32 
3.57 
3.81 

I ROADWAY SURFACE PAVED 
EMBANKMENT TOP WIDTH (FT) 10.00 

I CREST LENGTH (FT) 100.00 
OVERTOPPING CREST ELEVATION (FT) 100.00 



ULVERTNALYSISERSION 

I URRENT DATEURRENT TlMElLE NAHElLE DATE 
09-22-19 14:37:55 CU-BASIN 09-22-199 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I CULVERT AND CHANNEL DATA 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - *  

I ' 

CULVERT NO. 1 DOWNSTREAM CHANNEL 

CUlVERI .TYPE_: 80.0 X..!O.O_EOX I - CHANNEL TYPE : RECTANGULAR 

CULVERT LENGTH = 100.0 FT BOTTOM UIDTH = 100.0 FT 

I NO. OF BARRELS = 1.0 TAILWATER DEPTH = 3.0 FT 

FLOU PER BARREL = 3700.0 CFS TOTAL DESIGN FLOW = 3700.0 CFS 

I INVERT ELEVATION = 32.0 FT BOTTOM ELEVATION = 32.0 FT 

I CUTLET VELOCITY = 11.4 FPS NORMAL VELOCITY = 12.1 FPS 
------------------------------------------------------.----------------- 

I -------------------------------------------.------------.--------------- SCWR HOLE GEOMETRY AND SOIL DATA 

LENGTH 2 151.1 FT UlDTH = 56.5 FT 

I 
DEPTH = VOLUME = 20277.8 CU FT 

MAXIMUM SCWR OCCURS DOWNSTREAM OF CULVERT 

SOIL TYPE : NONCDHESIVE 

SAND SIZES: 

D l 6  = 0 mn 

0 5 0  = 1 mn 

Qes I tf 
S c o u r -  hole - Jljrnensrbh 

r a  u t i ' n  e 



CXMHILL Scour a t  Grade Control Structura 

Project: CASANDRO WASH By: H. Allen 
Scour d.s. of Basin for 0.5 PMF D* 9/22/1994 

project #: SWW35441 

INPUT: 

Constants 

Gravitational Accel., g = 32.2 ft/s2 
Diffusion Coeff., Cd = 1.8 

Local Friction Equ.: 
Exponent x = 0.5 

Coefficient B = 2.0 

Water/Flow 
Jet Thickness, Yo = 4.04 ft. (assume critical flow) 

Jet Velocity, Uo = 11.5 ft./s. (assume critical flow) 
Tailwater Depth, Yt. = 3 ft. (normal depth rating) 

Channel Material 
Specific Gravity, Gs = 2.65 

Submerged &gle of repose, $ = 25 degrees 

Effective diameter, ds (I1 = 1.4 mm. 

structure 
Drop Height, Dp = 1 ft. (Depth for max. Ds.) 

Face Angle, h = 90 degrees 

CALCULATIONS: 

Jet Angle Near Bed, P' = 0.3 10 radians 
( = 7 . 8  degrees) 

Diffused Length of Jet, Ls = 52.6 ft. -- 
Scour Length, Xs = 50.1 ft. 

Equilibrium Scour Depth, Ds = 15.0 ft. 

I Note: 
( I )  N. B m m m  rsmmmcnd. using D84if lrmoMg c m  -. M x D S O  4s of&" uwd 

HPMFSCR.XLS 



M E M O R A N D U M  w H / u  

TO: Steve Walker 
Bob Momson 

FROM: John Livingston. 

DATE: January 12, 1995 

SUBJECT: Casandro Wash Dam Stilling Basin Uplift Analysis 

PROJECT: SWW35441.PS \ 

I have performed an uplift analysis for the stilling basin and spillway chute for Casandro 
Wash Dam. This memo presents the analysis and recommendations for drainage. 

Stilling Basin Analysis and Recommendations 
Water will occupy the stilling basin from direct precipitation, flow from the outlet pipe, 
and flow over the spillway. The flow from direct precipitation and from the outlet pipe 
will be relatively calm flows and no hydraulic jump is anticipated. The water will simply 
fill up the stilling basin and go over the downstream lip of the stilling basin into the 
natural stream channel. The stilling basin will gradually drain through the low level 
gravity outlet at the bottom of the stilling basin. 

When the spillway operates at the design flow of 0.5 PMF a hydraulic jump will occur in 
the stilling basin. The hydraulic jump will appear as a series of waves which rise up to a 
maximum water depth of approximately 10.6 feet based on the hydraulic calculations. I 
understand that no rip rap will be provided so significant erosion will occur when the 
flows are high enough to carry off the sandy soil. A concrete cutoff wall has been 
provided to prevent scour from undermining the stilling basin. As the spillway operates 
water will tend to seep into the ground downstream of the stilling basin. Seepage will 
move under the cutoff wall and may reach the underside of the stilling basin floor. This 
condition will take one or more days to develop if the ground is dry but if the outlet has 
been flowing for a couple of days then the ground will already be partially saturated and 
the seepage pressures will develop much quicker. 

The magnitude of the seepage or uplift pressure could equal the maximum water surface 
in the hydraulic jump which was taken to be Elevation 2134.6. With the floor of the 
stilling basin at Elevation 2122.5 the maximum uplift pressure is estimated to be 755 psf. 
This force will be resisted by the weight of the concrete and overlying water in the stilling 
basin. 

The calculated pressure distributions under the stilling basin are shown on the attached 
two figures. For the specific water surface and hydraulic jump shape shown the factors of 
safety against uplift were plotted. With no drainage, the factor of safety was 0.4 in one 
area of the basin and safety factors below one were calculated for quite large areas. It 
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would take up to approximately 3 additional feet of concrete added to the floor to resist 
the undrained uplift pressures. The cost for the added concrete is on the order of $20- 
30,000. This is much higher than for an underdrain system and therefore an evaluation 
was made of the uplift pressures with an underdrain system. 

The attached figures show the general layout for relieving pressures under the stilling 
basin and part way up the spillway chute. A 12-inch thick layer of granular filter material 
similar to the chiminey drain material would be placed under the horizontal portion of the 
stilling basin and up to Elevation 2134 on the spillway chute. Several slotted PVC pipes 
would be placed in the drain material to convey the seepage water to an outlet located in 
the chute wall at the invert Elevation 2126.0 This drain pipe would have no valves and 
would only require a screen to prevent rodents from eating and nesting in the pipe. When 
the spillway operates the pipe would not have any flow until the hydraulic pressure under 
the slab was equal to Elevation 2126. Based on the attached figures the minimum factor 
of safety would be 1.3 with the underdrain system normally operating. Should the system 
deteriorate due to contamination of the filter material with silt then the safety factor could 
drop to 0.8 over a small area of the basin, however this possiblilty is quite low and any 
silt that enters the underdrain will likely flush out when the seepage water is discharged. 
this is an appropirate system for the low frequency that the spillway will be used. 

Spillway Chute Analysis and Recommendations 
The soil underlying the spillway chute will be embankment material which is a silty sandy 
soil. The spillway will have a 3:l slope. The concrete slab will have joints with 
waterstop material so that seepage through the joints will not occur. The only way 
seepage could get under the slab is if cracks occur and water seeps into the underlying 
embankment. This condition is very undesirable because the water could migrate along 
the soil-concrete interface and build up hydrostatic pressure which could cause the slab to 
crack or be lifted up. The 12-inch slab can only resist 2.4 feet of water pressure before it 
is lifted, therefore it is very important that the seepage pressure be minimized under the 
chute slab. 

An 8-inch thick granular filter drain will be provided under the chute slab. This zone will 
convey seepage water to outlet pipes extending through the chute walls. The outlets will 
be positioned sufficiently high on the walls to prevent backflow of the water in the chute. 
The drainage layer will also serve an important function of providing a surface on which 
to place the rebar and concrete. The sandy embankment soil would be severely disturbed 
and hard to walk on without a granular drainage layer. The drainage layer will also serve 
as a filter to prevent silt particles from being sucked up through cracks in the slab. This 
would occur if negative pressures developed at vertical offsets in the slab and soil 
particles were sufficiently small to be carried up through the cracks. 








