
" - Engineers 
Planners 
Economists 

1 %Scientists 

Proprey sf 
F l d  C m t d  District of Mf: Gb-g 

Piease Return to 
280 I W. Durwrgo 

Phmriix, AZ MQCB 

June 21,1992 

SWW35441.GT.40 

Michael Lopez, P.E. 
Project Manager 
Flood Control District of Maricopa County 
2801 W. Durango Street 
Phoenix, AZ 85009 

Subject: Addendum No.1, Final Design Report 

Dear Mr. Lopez: 

This letter presents our response to comments on the 90 percent design of the subject project. 
We have provided responses to the comments from the following District and ADWR 
correspondence: 

District comment letter to CJ32M HILL from Michael Lopez dated April 26,1995 

ADWR comment letter to the District, dated April 26,1995 

ADWR comment letter to the District, dated May 2,1995 

ADWR comment letter to the District, dated May 16,1995 

We have presented our responses in the form of an Addendum to the Final Design Report, 
dated February 1995. Our responses reference each comment by comment number. A copy 
of the comments are attached. As soon as you have a chance to review our $sponses, we 
will arrange for a meeting to resolve any outstanding issues so the plans and special 
provisions can be finalized. 

Please call if you have any questions. 

F k w n l x  Offlce 1620 W. Fountainhead Potkway, W e  550. rempe. ~285282- 1843 W 2 W 1 8 . 3  
P.O. Box28440. Tempe. A285265M40 Fax No. 602 WQM 
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Sincerely, 

CH2M HILL 

Steve Walker, P.E. 
Project Manager 

David AllardlCH2M HILLIPHX 
John LivingstonlCH2M HILLMID 
Tom WolVCH2M HILLIPHX 
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Addendum NO: 1 
Casandro Wash Dam 
Final Design Report 

Comments from District in Letter to CH2M HILL dated April 26,1995 

General Comments 

Plans 

Cover Sheet 

1. Will add Wickenburg approval 
2. Will change 

Sheet 2 

1. Will change 

Sheet 3 

1. Will increase line weight 

Sheet 4 

1. Will add easement 
2. Will increase line weight 

Sheet 5 

1. Will remove grid lines 
2. It is necessary to keep the chimney adjacent to the spillway to collect water that could 

move adjacent to the spillway wall. 

Sheet 6 

1. The geotechnical report used the 100-year water surface elevation to look at the 
steady state seepage requirements. It is usell to extend the chimney drain as high as 
possible in the dam (% PMF elevation ) to intercept any water that could pass through 
the dam during larger events when the spillway is operating. 
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2. Material zone types are referenced to special provision sections. Cross references 
might be confusing. 

3. A tot4 of four Zone 2 finger drains will be included in the design. The drains will 
consist of Zone 2 material without any pipes. All drains will daylight on the 
downstream face of the dam. 

Sheet 7 

1. Concrete slurry backfill will be used for the entire length of the principal spillway. 
The concrete will be encased in Zone 2 filter material downstream of the chimney 
drain. 

Sheet 8 

1. The PVC drain pipes in the chimney drain have been deleted. 
2. The rip-pap will be buried at 1 foot below the downstream sill of the stilling basin. 

Sheet 11 

1. The conduit will be lowered to the floor of the structure. 

Sheet 13 

1. The sump will be removed. 

Sheet 15 

1. The bench will be eliminated and both pipes will be installed in the same trench. 

Bidding Schedule 

These two items will be added to the bidding schedule. 

Special Provisions 

The requested changes will be made to the special provisions. 
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Comments from ADWR Letter to District dated 4/27/95 

Initial Review Comments 

1. Additional subsurface investigation was conducted at the left portion of the dam. Four 
borings were drilled at locations recommended by ADWR. The infomation from the 
additional investigation was submitted to the District as Addendum No. 1 to the 
geotechnical data report on May 15,1995. 

2. Foundation acceptance criteria have been developed and will be included in the 
Construction Quality Assurance Plan. The acceptance criteria that will be included in the 
plan follows. 

Foundation Acceptance Criteria 

Definitions 

Roadway Embankments. Roadway embankments are those soil embankments which 
will not contact water in the main rese~oir  or contribute to freeboard above Elevation 
2163.5 around the reservoir perimeter. The primary purpose of these embankments is to \ 

support vehicles under dry and wet conditions. 

Dam Embankments. Dam embankments are those soil embankments which retain water 
up to Elevation 2163.5. 

Reservoir Perimeter Embankments. Reservoir perimeter embankments are those soil 
embankments which form the perimeter of the resewoir and whose purpose is to reduce 
erosion, enhance slope stability, and allow future vegetation. 

The decision as to which areas fall into the above classification is mostly selfevident. 
Areas which fall into a combination of categories will be classified by &e Engineer and 
Owner. In case of discrepancy, the more restrictive foundation acceptance criteria will 
apply. 

Acceptance Criteria 

Acceptance of the foundation for embankments will be as follows: 

Roadway Embankments. Complete Clearing and Grubbing-Section 201. Complete 
subgrad; PreparationSection 301. compactthe upper 12 inches of subgrade to 2 least 
100 ~ercent relative compaction-Subsection 301.3. Proof roll entire submute-- - - 
Subsection 301.3 to find any deep loose soil areas. Remove, replace, recompact areas . 
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which are soft, unstable, contain organic or deleterious material, or are otherwise 
unacceptable to the Engineer. Maintain moisture content and density as specified fill 
material is placed. 

Dam Embankments. Complete Clearing and Grubbing-Section 201. Complete 
excavation in accordance with Subsection 204.3 down to the elevations shown on the 
drawings over the entire footprint of the embankment. The engineer will determine the 
relative compaction of the soils from the ground surface to a depth of 6 inches. Spacing 
of the tests will be a grid with intervals of approximately 100 feet. The desired 
foundation material is a slightly cemented silty sand. Samdes of the material will be - - 
taken at each compaction test location and approximately 50 percent of the samples will 
be tested for madation. Areas with relative comvaction of at least 95 percent containing 
silty sand w i i  be deemed acceptable provided n; undesirable conditik are present. 1f 
any areas have clean sand, the Engineer will consider whether additional excavation is 
appropriate. The sandy areas will generally not exhibit any cohesion and will readily 
pass water. Although no permeability tests are anticipated, the Engineer has the 
discretion to perform additional field and laboratory tests as deemed appropriate to 
establish that the foundation is suitable. 

If extensive non-cemented sandy soil is found, an evaluation will be made to determine L 
its presence will be detrimental to the embankment. Elements that will be considered 
include height of overlying embankment, settlement potential, length of seepage path, , 
duration of seepage, permeability, location relative to chimney drain, and potential 
alternatives for reconfiguring the embankment. The Engineer and Owner will perform 
the evaluations and make a determination on the best course of action. 

Reservoir Perimeter Embankments. Complete Clearing and Grubbing--Section 201. 
Complete removal of loose soil to a depth of approximately 1 to 3 feet in accordance with 
Subsection 204.5. The Engineer will determine the relative compaction from the 
excavated d a c e  to 6 inches below the excavated surface at selected points around the 
reservoir. Test spacing will be about every 100 to 200 feet. If the soil has at least 90 
percent relative compaction it will be considered dense soil suitable for the perimeter 
embankments. Soil which is not dense shall be removed to a depth acceptable to the 
Engineer. Compact the upper 12 inches of native soil to at least 95 percent relative 
compaction. Maintain moisture content and density as specified fill material is placed. 

3. The report was returned by the District. 

4. The additional routings requested have been completed. Computations are included in 
Attachment A. The 100-year peak stage would increase by about 0.2 feet if the low flow 
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outlet were completely clogged and the 0.5 PMF stage would increase by about 0.5 feet. 
Peak discharges would increase by approximately 30 cfs in either event. 

5. The outlet pipe will be encased in concrete slurry for the entire length (see comment 
response for District's Sheet 7 comment). 

6. The emergency action plan will be provided by the District. A revised dam failure 
analysis was prepared and submitted to the FCDMC. A copy will be provided to the 
Department. 

7. An instnunentation and monitoring plan will be provided by the District. 

8. A Construction Quality Assurance Plan has been prepared and will be provided to the 
District for use during construction. A draft copy of that document is included in 
Attachment B to this addendum. 

9. No response required. 

10. a Response to the drainlfilter comments are presented in specific responses to the 
special provisions. The maximum allowable width of a crack in the concrete spillway 
should be 118-inch. Calculations used to determine this width are included in Attachment , 
C. 

b. Foundation acceptance criteria have been presented above. 

c. The District provided ADWR with a copy of the MAG specifications. 

d. The data from the field permeability test were evaluated to estimate a permeability for 
the in-place, older alluvium. Calculations are included as Attachment C. The analysis 
indicated a permeability between 1.2 X 10-3 and 7.0 X 10-5 cmlsec. This compares with 
a remolded permeability of the embankment fill material range of 1.1 X 10-3 to 2.1 X 10- 
6 cdsec. A value of 1.0 X 10-3 cdsec was used in the seepage analysis. 

e. Three sets of final documents will be provided to AWDR. 

f. The sewer pipe will be backfilled to the top of the trench with concrete slurry. 

11. No response is required. We acknowledge the concerns of ADWR staff and appreciate 
your efforts in resolving this issue. 
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Special Provisions Comments 

It is our intent to include ADWR's recommendations in the special provisions. We have only 
provided compent responses where additional information is requested or where there is a 
disagreement with the comment. 

Subsection 204.3 

SP 4, Paragraph 1 : Foundation acceptance criteria will be contained in the Construction 
Quality Assurance Plan. To avoid duplication, the testing requirements are not provided in 
the Special Provisions. 

Subsection 211.1 

SP 9, Paragraph 7: The Zone 2 material was designed in general accordance with NRCS 
design guides referenced. The material specified is on the finer side of the recommendations 
as the filtering requirements are more critical. Filter zone calculations are included as 
Attachment C. As specified, the Zone 2 material is expected to have permeabilities greater 
than 1 Wsec. Permeability calculations, along with maximum slot size calculations, are - 

attached. A requirement for less than 1 percent passing the No. 200 sieve will be added. 

Subsection 211.2 

SPlO, Paragraph 4: We will add to the specification wording that requires the contractor to 
place the chimney drain material to the tolerances recommended by ADWR. We will not - 
specify a recommended construction method, but will require the contractor to submit to the 
Engineer a method for approval that will result in a 4-foot minimum width drain without 
contaminating the Zone 2 material with Zone 1 soil. 

Subsection 21 1.3 

SP 12, Paragraph 3: This equipment is appropriate. If the contractor can demonstrate 
equivalent compaction, a smaller piece of equipment may be used. 

SP 14, Paragraph 1: All sieve analysis test results indicate 30 percent or less material 
retained on the %-inch sieve. If a greater percentage of material is found in the borrow area, 
it will be blended with the finer-@ed material more typically found at the site. 
Corrections can also be made to ASTM D698 using ASTM D4718. 
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SP14, Last Paragraph: Foundation stabilization material will only be used below the sewer 
pipeline pipebase material if the trench is overexcavated. This only applies outside the dam 
footprint where the pipe backfill is a granular material. 

Subsection 211.4 

A testing program is presented in the Construction Quality Assurance Plan. 

Subsection 405.1 

SP 19, Paragraph 1 : The contractor will be required to set control points required to 
accomplish construction of the project. The surveying section of the Quality Assurance Plan 
will include verification of critical survey information. 

General Comments 

B. A Construction Quality Assurance Plan will be provided to the District. 

Review Comments on the Construction Drawings 

CH2M HILL intends to incorporate ADWR's recommendations into the final plans. 
Comment responses are only presented where additional information is required or there is a 
disagreement with the recommendation. 

Miscellaneous Comments 

2. The Flood Control District does not routinely provide rip rap on their dams and the 
design conforms to the District's standards for erosion protection. A seed mix has 
be& provided to aid in stabilizing the fill slopes of thedam and detention basin 
perimeter slopes. Some erosion is anticipated which will be repaired by the District 
as part of maintenance. 

Specific Drawing Comments 

4. Sheet 8, comment b. The fence on the spillway lip will be removed as requestedand 
relocated to the upstream toe of the dam. 
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6. Sheet 1 1, comment c. When the 2x2 foot gate is opened at the inlet to the pipe 
through the dam there will be some turbulence. The concrete could be brought up to 
the top of the structure but we believe the thin concrete section will spall off and 
would,not be appropriate. This gate is only to be used in an emergency should the 
orifice get plugged. Some turbulence will occur. 

8. Sheet 13, comment a. The sump will be eliminated. 

Review Comments on Final Design Report 

1. The Final Design Report will not be revised because it would be confusing to have 
two different final design documents. These comment responses will serve as 
Addendum No. 1 to the Final Design Report and, as such, it will revise the report. 

2. A foundation acceptance criterion has been previously discussed. 

3. The test pits ranged from 5 to 20 feet in depth. 

4. The depth to the cemented layer varied from near the ground surface to greater than 
20 feet. It was not encountered in a few of the test pits. 

5. The results of the permeability test were discussed previously. 

6. The primary purpose of the chimney drain is to collect any potential seepage through 
the dam. The purpose of the dam is for stormwater detention and therefore will not 
be filled often or for long enough for a steady state seepage phreatic surface to 
develop. If there is localized seepage the chimney drain will collect and take the 
water to the downstream toe via the f~nger drains. 

7. The table will be revised to include the missing data and will be included in an 
addendum to the Geotechnical Data Report. 

8. These comments are addressed in the appropriate section. 

9. This was a initial pay limit estimate for foundation excavation which has since been 
revised. 

10. That is the intent of the seed mix. The seed mix has been further revised by the 
District 
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11. Noted. 

12. Noted. 

13. a. Spillway Side Walls. The 2 inches of cover over the reinforcing steel is appropriate 
for formed walls and in compliance with ACI Code, Section 7.7.1. The general notes 
on Sheet 8 have the correct cover over the steel. The slab and sidewalls for the 
stilling basin act together. The reinforcing steel is continuous through the water stop. 
Calculations are provided for the design of the drain beneath the spillway floor, The 
two expansion joints in the spillway side walls are appropriate and are supplemented 
by the construction joints which are designed with a waterstop so that is a crack 
develops the steel will hold the joint together and the waterstop will maintain the 
hydraulic integrity. 

b. Entrance Apron Side Walls. The walls will be modified to use an equivalent fluid 
pressure of 90 pcf for saturated active earth pressure. Revised structural calculations 
are included in Appendix C. 

c. Stilling Basin. The factor of safety against sliding is greater than 1.0 for the 
stilling basin if there is complete scour of the rip rap and the walls and slab become 
disconnected from the spillway chute. Calculations are provided in Appendix C. 

The calculations for the 13-foot side wall, Plan Sheet 10, Section EE are given on 
Sheet 6 of the structural calculations provided in the design report. 

The stilling basin subdrain system outlets allow drainage of the slab during operation 
of the spillway. Calculations for flow capacity are provided in Appendix C. Should 
they become plugged and the seepage pressures develop uplift under the slab, the slab 
will mobilize the weight of the floor, walls, and chute blocks. If this is not sufficient 
the slab will probably crack. We do not believe the cost of providing excess dead 
weight is appropriate for this project. Several meetings with the District have led to 
this design. Extending the underdrain outlet to a manhole i s  possible but the flow will 
never be observed and the manhole will not drain unless a pipeline is constructed far 
downstream. 

d. Geotechnical Data. The 60 pcf is active earth pressure per attached calculations in 
Appendix C. 

e. Miscellaneous. The chimney drain pipes have been deleted from the design and 
finger drains provided. 
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Review Comments on the Geotechnical Report 

1. Responses to review comments will be included in an addendum to the geotechnical 
reporQ for the same reason as stated above. 

Volume 1 

1. The table will be revised as noted above. 

The soil classifications on the logs reflect field information and were not necessarily 
changed to reflect all laboratory test results. This primarily affects the Silty Sand 
versus Sand with Silt and the Sand and Gravel versus Sand with Gravel 
Classifications. The laboratory results were taken into account during design. 

2. The contact between the upper and lower alluvium is not called out on the test pit 
logs. The Engineer's best estimate of that contact at the dam site is shown on Figure 
2 of the Geotechnical Design Report and on Sheet 5 of the plans. A foundation 
acceptance criterion has b&n previously which will help ensure that the 
dam is founded on a dense low permeability material. 

As noted on the boring log legend, ground elevations were estimated by interpolating 
between contour lines on the site plan. 

3. This information will be included in an addendum to the Geotechnical Data Report. 

Volume 2 

1. Noted 

2. Results of the consolidated undrained compression test were not used in the slope 
stability analysis because the material tested contained significantly more fines than 
typically encountered during site exploration and is not representative of the 
embankment material anticipated. The material tested in the direct shear tests is more 
typical of the site soil available for construction of the embankment, therefore it was 
appropriate to use these results. 

The occurrence of the two slope stability loading conditions questioned, rapid 
drawdown and seismic stability, are very rare for a stormwater detention basin the 
size of Casandro Wash. 
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Rapid drawdown is typically considered in dams with drawdown rates of 6 
inches or more per day after prolonged storage at high reservoir level (USBR, 
Design of Small Dams). The Casandro Wash Dam reservoir is normally dry. 
,The spillway will only flow above the 100 year flood. The reservoir fills in a 
few hours and is designed to drain rapidly (less than 3 days from full reservoir 
level). It is very conservative to consider that the material would become 
saturated to any extent in that amount of time. Material that did saturate in the 
short amount of time would be relatively free draining and would not build up 
excessive pore pressures during drawdown. Under these conditions, some 
shallow surface raveling may occur during rapid draining of the reservoir. The 
landscape plantings on the dam should help minimize the amount of raveling. 

Our initial slope analysis results indicated a factor of safety greater than 1.2 
with steady state seepage conditions and instantaneous drop of the reservoir 
level using results of the remolded direct shear tests. The results of a check 
using infinite slope analysis (SCS, Earth Dams and Reservoirs and Davis, 
Handbook of Applied Hydraulics) with seepage horizontal and parallel to the 
slope, a factor of safety of greater than 1 is obtained for a shear strength phi 
angle of 35 degrees (chart from Davis included in Attachment C). A shear 
strength in excess of 35" is expected of the borrow soil compacted to 95 
percent of standard proctor (ASTM D698). 

Seismic analyses outlined in the SCS manual evaluate the seismic slope 
stability under steady static seepage conditions and maximum seismic ground 
surfxe acceleration. This is a very consewative analysis. Steady state seepage 
conditions are not likely given the design drainage conditions of the basin. It is 
a remote possibility for the maximum ground accelerations to occur at the same 
time the basin is full for a long enough time for steady state seepage to 
develop. Our stabiity analysis indicates a factor of safety greater than 1.1 
under the conditions of full pool and steady state seepage. 

3. Previously addressed 

4. The 112 PMF water surface is 2160.2 . With 3 feet of freeboard the crest of the dam 
is 2163.2. The minimum crest is 2163.5 plus 4 inches of road base. The overbuild is 
therefore about 7.6 inches. Should any settlement occur, additional fill and road base 
will be placed by the District as part of normal maintenance. 
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Review Comments From ADWR dated ~ a i  2,1995 

Comments on Special Provisions 

Subsection 640.6 

SP 40, Paragraph 1: 

The District will provide the General Requirements. 

Review Comments on the Construction Drawings 

1. Rebar detail on Sheet 13, Section 110 has been revised. 

Review Comments on the Final Design Report 

1. The primary outlet structure for the basin is the orifice plate with an open area of 1.4 
fi2. The gated outlet referred to in the report provides a redundant means of draining 
the basin after the passage of a flood, should the primary outlet become clogged. The 
area of the backup outlet is 4 f?. The primary outlet is protected from debris by 
screened enclosure, making debris clogging unlikely. As addressed previously, the 
dam will operate as designed, assuming a fully clogged outlet with less than 0.5 ft 
increase in maximum water surface elevation in a 100-year event. The gated opening 
would allow maintenance crews to drain the basin after the flood event if the primary 
outlet were to become fully or partially clogged. 

The operational plan for the outlet calls for the gated backup outlet to remain closed 
during normal operation and only be opened in the event of a clogged outlet. 

Comments from ADWR Letter to CH2M HILL dated May 16,1995 

Special Provisions 

Subsection 505.6-Placing Concrete 

Pangraph 4. Placement of intermediate construction joints is normally done by CH2M HILL 
at a spacing of 40 feet or less. As you requested, the joint spacing will be changed to 30 feet. 
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~ l l i w n d  Compactios Section 601-Trench Excavation. Backf 
Subsection 601.2.1-General 

Paragraph 1. Sentence changed. 

Paragraph 2. Sentence changed. 

Section 615Sewerline Constru- 
Subsection 615.1-Description 

Paragraph 1. Sentence changed. 

Section 6 1 8 S t ~ r m  Drain C o n s t m c t h  
Subsection 618.1-Materials 

Paragraph 1. The reinforced-concrete pipe (RCP) outlet pipe will be designed in accordance 
with the Special Provisions for the anticipated operating conditions. The Special Provisions 
will be modified. The 2 foot x 2 foot gate is for emergency use and some turbulence is 
anticipated. 

Subsection 618.3-Conshuction Methods 

Subsection moved as requested 

Paragraph 3. References to granular pipe bedding will be deleted for the 36-inch outlet pipe. 

Paragraph 4. Wording will be changed in Special Provisions. 

Subsection 618.2.1-Testing 

Pamgraphs 1,2, and 4 will be moved to Section 735. 

Pipe diameter will be referenced. 
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Subsection 735.4-Materials 

Paragraph 1. Pipe Special Provisions will be modified. 

Fly Ash. Fly A h  heading will be deleted. 

Concrete Pipe Joints. The sentence will be deleted. 

Section 740-Ductile Iron Piu e 

The pipe diameter of 12 inches will be referenced. 

Subsection 740.2-Materials 

Ductile Iron pipe was requested to be used by the City of Wickenbq as indicated in 
Attachment A. It is specified in Section 750 of the MAG specifications. A copy of American 
National Standards IBstitute (ANSI) and American Water Works Association (AWWA) 
specification quoted in the Special Provisions will be sent to Arizona Department of Water 
Resources (ADWR). 

Paragraph 3. The Thickness Class will be changed to 5 1. The AWWA specification for this \ 

pipe indicates that it is acceptable for the intended loading conditions. 

Review Comments on the Constmction Drawings 

1. Sheets 5,6, and 15 

The outlet system to the chimney drain is being modified to delete the PVC pipe and provide 
four Zone 2 finger drains. 

2. Sheet 10 

The designed rebar is #8 at 6 inches top and bottom. A rebar note has been added to the 
do- ramp of the stilling basin. Our review of the reinforcing steel for Sunset FRS 
stilling basin did not indicate any obvious justification. We believe the reinforcing shown for 
Casandro Wash Dam is consistent with the overall loading conditions anticipated. 



Attachment A 

HEC-1 Calculations 



sumn: CASANDRO WASH 
ADWR Review Comments 
Response to comment $4 

BY: H. Allen DATE: 5/16/95 
SHEETNO. 1 OF 1 
PROJECT NO.: SWW35441.HY.10 

Goal: Run the 100-year (Q100) and Half PMF (HPW) files without the low-flow outlet 
discharge and compare the results. 

Procedures: 
4100 file Q100.hcl was copied and renamed Q100-NLF.hcl 
HPMF file HPM.hc1 was copied and renamed HPMF-NLF.hcl 
The low-flow outlet discharge was eliminated in the new runs by adjusting the 
discharges in the rating curve. The discharges occurring at water surface 
elevations (WSE's) below the spillway crest were set at zero. For the discharges 
occurring at WSE's above the spillway crest, 3 1 cfs (the discharge from the low- 
flow outlet when the WSE is at the spillway crest) was subtracted from the Q's. 

Results: 
Results are summarized in the following table: 

Attachments: 

Output for the following files: 
Q100.out 
Q 100-NLF.out 
HPM.out 
HPMF-NLF.out 



HECl SIN: 0134301122 H W e n i m :  6.33 D a t a  F i  Le: 0100-NLF.hc1 

* F L m D  HYDROGRAPH PACKAGE (HEC-1) : 
M Y  1991 

VERSION 4.O.lE 
* * 

RUN DATE 05/02/1995 TlME 11:03:44 * * 
* * ~ H I * * N H W ~ * . N m . * * ~ W * W * *  

U.S. ARMY CORPS OF ENGINEERS : 
HYDROLOGIC ENGINEERING CENTER * 

609  SECOND STREET * DAVIS CALIFORNIA 95616 * * (616) 756-1104 * 
* * 

X X XmXXXX XXXXX 
X X X  X X 
X X X  X 
X X M  XXXX X 
X X X  X 
X X X  X X 
X X XXXXXXX XXXXX 

X 
XX 

X 
XXXXX X 

X 
X 

XXX 

... ... ... ... ... ... F u l l  M i c r o c o m p l t e r  I n p l e m e n t a t i o n  ::: ... ... ... av ... ... ... ... Haes tad  Methods, Inc. ... 

THlS PROGRAM REPLACES ALL PREVIOUS VERSlOWS OF HEC-1 KNOVN AS HECl (JAN 73). HECIGS, HECIDB, AN0 HECIW. 

THE DEFINITIONS OF VARIABLES -RTIMP- N O  -RTIOR- HAVE CHANGED FROn THOSE USED UlTH THE 1973-STYLE INPUT STRUCTURE. 
THE OEFINITION OF -AMSKK- ON EN-CARD WAS CHANGED UITH REVISIONS DATED 2 8  SEP 81. THlS I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK W T F L W  SUBMERGENCE SINGLE EVENT DAMAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ TlME SERIES AT DESIRED CALWUTIO~ INTERVAL LOSS RATE:GREEN AND AHPT INFILTRATION 
K I N E M T I C  WAVE: NEW F INITE DIFFERENCE ALGORITHM 

aioo-ILF.OUT 5 - 2 - ~ 5  i1:ma Page 1 of 21 



HEC-1 INPUT PAGE 1 I 

LINE 10 ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

filename = P100-NLF.HC1 * No Low-flow w t l e t  discharge. Modified s i llwa rat ing curve by 
subtracting the Lou-flow out let  P a t  El. 5155 J i c h  was 31 cfs. 

- 
10 Casandro Wash Detention Dam CH2M H i l l  April, 1994 
ID HEC-1 for PlOO, r w i s e d  dam location alternative #3 

5 KK SAC230 
6 Kn SUB-BASIN SAC230 
7 Kn 6-HOUR RAIUFALL, PATTERN NO. 1.53 UAS WED TO FIND TC & R FOR THIS BASIN 
8 KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
9 KM BASIN FROM UICKEUBERG MWS 

10 BA .no  ... 
KM RAINFALL DEPTH OF 3.40 WAS SPACIALLY REWCED AS SHOW BY THE PB RECORD 

10 ear = 2.202. 100 year - 3.350 
PB 3.350 
RW THE FOLLOUINE PC RECORD USED A 6-HOUR STORM WITH A PATTERN No. OF 1.53 
PC .000 .009 .016 .025 .034 .W2 .051 .059 .067 .075 
PC .087 .I00 .I19 -151 .235 .416 .760 .872 .915 .944 
PC .956 .967 .979 .989 1.000 
LG . lW .250 5.200 .240 35.000 

KK SAC235 
SUB-BASIN sac235 

KU 6-HUJR RAINFALL, PATTERN NO. 1.53 WAS USED TO FIND TC & R FOR T H l S  BASIN 
KM THlS BASIN USED RAINFALL REOUCTION FACTOR OF .985 
KM BASIN FROM UICKENBERG ADMS 
BA .380 
LO .I00 .230 6.200 .150 36.000 
UC .450 -461 
UA o s 16 30 65 n 84 90 94 97 
UA 100 

KK ADD 
Kn ADO SAC230 & SAC235 

r 2 
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HEC-1 INPUT PAGE 2 

LINE 10 ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

KK ROUTE 
m ROUTE C ~ I N E D  HYDROGRAPH TO DM LOCATION 

KK WSZ40 
KH SUB-BASIN cas240 
KH 6-HOUR RAINFALL, PATTERN NO. 1.53 MAS USED TO FIND TC & R FOR THIS BASIN 
KH THIS BASIN USED RAINFALL REDUCTION FACTMI OF .985 
KM BASIN lWDlF lE0  F R M  UlCKENBERG ADMS TO REFLECT DAM LOCATION 
BA . I40  
LG . I00  2 1  6.400 . I 4 0  21.000 
UC .258 .232 
UA 0 5 16 3 0  6 5  77 84 90 9 4  9 

tA 100 

KK DAMIN 
KO 1 
KU ADD ROUTED HYDROGRAPH TO CAS240 
HC * 2 

KK ourour 
m R w t e  Hydrograph Through Dam. 
Y11 



SCHEMATIC DIAGRMI OF STREAM N E T W K  
I N W T  
L INE (V) ROUTING (--->) DIVERSION OR WMP F L W  

NO. (.) CONNECTOR (+---) RETURN OF DIVERTED OR PUMPED FLOW 

51 DAMIN ............ 
v 
V 

55 D m  

(**) RUNOFF ALSO CDWPUTED AT THIS LOCAT104 



HECl S/N: 0134301122 W e r s i o n :  6.33 D a t a  F i l e :  Q100-N~F.hc l  

M-H**HHIH-HIIHII*****HH** " 
FLWD HYDROGRAPH PACKAGE (HEC-1) : 

M Y  1991 
VERSION 4.D.lE . : RUN DATE 05/02/1995 TlME 11:03:44 : 

t m k m t * W H m * * W H m * M H * H * *  

Caaandro Wash D e t e n t t o n  D m  C H B  H i l l  A p r i  1, 1994 
HEC-1 for 0100, r e v i s e d  dm l o c a t i o n  a l t e r n a t i v e  #3 

4 1 0  WTPUT CONTROL VARIABLES 
IPRUT 3 PRINT CMlTROL 
IPLOT 0 PLOT CONTRDL 
P S U L  0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TlME 
NMIN 

IDATE 
IT lME 

NP 
NOD ATE 
NOTIME 
ICENT 

DATA 
5 

1 D 
O W 0  

9 0 0  
4 0 

0255 
19 

MINUTES I N  WI(PUTAT1W INTERVAL 
STARTING DATE 
STARTING TIME 
NIMBER OF HYDROGRAPH ORDINATES 
ENDING DATE 
ENOING TIME 
CENTURY M R K  

* U.S. ARMY CORPS OF ENGINEERS * 
HYDROLOGIC ENGINEERING CENTER : 

609 SECONO STREET 
DAVIS CALIFORNIA 95616 

(516) 756-1104 
t 

COMPVTATICU INTERVAL 0.08 HOURS 
TOTAL TIME BASE 74.92 HOURS 

ENGLISH UNITS 
DRAINAGE AREA W A R E  HILES 
PRECIPITATIOW DEPTH INCHES 
LENGTH, ELEVATI Ml FEET 
FLDW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

U S  USED TO FIND TC 8 R FOR THIS BASIN 



JXTIME 0 STARTING TIME I 
SUBBASIN RUNOFF DATA 

10 BA SUBBASIN CHARACTERISTICS 
TAREA 0.72 SUBBASIN AREA 

PRECIPITATION DATA 

14 PB STCW 3.35 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.01 0.01 0.01 0.01 
0.03 0.m 0.06 0.06 0.06 0.11 0.11 
0.04 0.01 0.01 0.01 0.01 0.01 0.01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 

GREEN AN3 AMPT LOSS RATE 
STRTL 0.10 STARTING LOSS 

DTH 0.25 MOISTURE DEFICIT 
PSlF 5.20 WETTING FRONT SUCTION 

XKSAT 0.24 HYDRAULIC WNWCTlVITY 
RTIMP 35.00 PERCENT IMPERVIWS AREA 

CLARK UNITGRAPH 
TC 0.45 TIME OF CUNCENTRATION 
R 0.37 STORAGE COEFFICIENT 

ACCVULATEO-AREA VS. TlUE 11 ORDINATES 
0.0 5.0 i6.0 30.0 65.0 77.0 84.0 90.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CURK TC= 0.45 HR. R= 0.37 HR 

SNYDER TP= 0.29 HR, CP= 0.48 

UNIT HYDROGRAPH 
26 END-OF-PERIOO ORDINATES 

83. 383. 684. 750. W2. 597. 487. 387. 308. 246. 
195. 1%. 124. 99. 79. 62. 50. 40. 32. 25. 
20. 16. 13. 10. 8. 6. 

*.* m m *** *.* 

HYDROGRAPH AT STATION SAC230 

TOTAL RAINFALL = 3.35, TOTAL LOSS = 1.03, TOTAL EXCESS = 2.32 

PEAK FLU4 TIME UAXIMD( AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
1078. 4.17 (CFS) 178. 45. 15. 14. 

(INCHES) 2.293 2.306 2.306 2.306 
(AC-FT) 88. 89. 89. 89. 

*** t*. * m *** *.* *,, *XI "XI *** **" *** **. *** *** *** *** *t. *** *** *** *** *** *** *N *** *** *** *** *** *** *** *** 
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*NIH******H " * 
22 KK SAC235 : 

-*.*.Hn 

SUB-BASIN sac235 
6-HOUR RAINFALL, PATTERN NO. 1.53 WAS UMD TO FIND TC & R FOR T H I S  BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
BASIN FRDn WICKENBERQ MHS 

SVBBASIN RUWOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA 0.38 SUBBASIN AREA 

PRECIPITATION DATA 

14 PB STORM 3.35 BASIN TOTAL 'PRECIPITATION 

14 P I  INCREMENTAL PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.W 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.03 
0.03 0.03 0.06 0.06 0.06 0.11 0.11 0.11 0.04 0.04 
0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 

GREEN AND MPT 
STRTL 

DTH 
PSlF 

XKSAT 
RTlMP 

LOSS RATE 

CLARK UNITGRAPH 
TC 0.45 TIME OF CONCENTRATION 

R 0.46 STORAGE COEFFICIENT 

ACCUMILATED-AREA VS. TIME 11 ORDINATES 
0.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

UNlT HYDROGRAPH PARAMETERS 
CLARK TC= 0.45 HR, R- 0.46 HR 

SNYDER TP= 0.31 HR, CP= 0.44 

UNlT HYDROORAPH 
32 ENO-OF-PERIOD ORDINATES 

35. 162. 298. 339. 324. 290. 248. 207. 
120. 100. 84. 70. 58. 48. 40. 34. 
20. 16. 14. 11. 9. 8. 7. 6. 
3. 3. 

in. 
28. 
5. 

*.* Met *** 
HYDROGRAPH AT STATION SAC235 

TOTAL RAINFALL = 3.35, TOTAL LOSS = 0.87. TOTAL EXCESS = 2.38 

PEAK FLW TIHE W I W M  AVERAGE FLOV 
0100-YLF.M 5-2-95 l l a m a  Page 7 of  21 



(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
532. 4.25 (CFS) 100. 25. 8. 8. 

(INCHES) 2.450 2.467 2.467 2.467 
CAC-FT) 50. 50. 50. 50. 

CVMlUTIVE AREA = 0.38 SO M I  

.HHm.*n** 
* 

32 KK : ADO : 
HI.URR*II*H* 

ADO SAC230 & SAC235 

HYDROGRAPH COYIBINATION 
I C W  2 NWBER OF HYDROGRAPHS TO COCIBINE 

HYDROGRAPH AT STATION M D  

PEAK FLOU TlHE MXIMM AVERAGE FLCU 
(CFS) 

(") (CFS) 
6-HR 24-HR R - H R  74.92-HR 

1608. 4.17 278. 70. 23. 22. 
(INCHES) 2.347 2.361 2.361 2.361 
(AC-FT) 138. 139. 139. 139. 

CUAlLATlVE AREA = 1.10 SP W l  

*H*N**.**nn* 
* 

35 KK RCWE : 
N.HHH***** 

ROUTE COMBINED HYDROGRAPH TO DAM LOCATION 

37 RS STORAGE RWlNG 
NSTPS 1 NUWER OF SUBREACHES 

1TYP FLW TYPE OF INITIAL CONDITION 
RSVRlC -1.00 INITIAL WNOITION 

X 0.00 UORKING R AN0 D COEFFICIENT 

NORML DEPTH 
AWL 

ANCH 
ANR 

RLWTH 
SEL 

E L W  

CHAWNEL 
0.045 
0.030 
0.045 
4200. 

0.0175 
0.0 

LEFT O V E W  N-VALUE 
WIN CHANNEL N-VALUE 
RIGHT OVERBANK N-VALUE 
REACH LENGTH 
ENERGY SLOPE 
WAX. ELEV. FOR STORAGE/WTFLW 
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CROSS-SECTION DATA --- LEFT OVERBANK --- + ------ M I N  CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  
40 RY ELEVATION 16.50 12.50 12.50 10.00 10.00 12.50 12.50 16.50 
39 RX DISTANCE 463.50 467.50 4T1.50 487.50 512.50 522.50 532.50 536.50 

*** 
COMPUTE0 STORAGE-CUTFLMI-ELEVATIDN DATA 

STORAGE 0.00 0.87 1.83 2.88 4.02 5.25 6.57 7.98 9.93 12.10 
DVTFLW 0.00 27.97 90.60 181.95 300.62 446.32 619.30 820.07 1082.86 1405.42 

ELEVATION 10.00 10.34 10.63 11.03 11.37 11.71 12.05 12.39 12.74 13.08 

STORAGE 14.29 16.51 18.75 21.01 23.29 25.60 27.93 30.28 32.65 35.05 
OUTFLW 1769.68 2172.41 2611.51 3085.39 3592.83 4132.80 4704.46 5307.08 5940.05 6602.82 

ELEVATION 13.42 13.76 14.11 14.45 14.79 15.13 15.47 15.82 16.16 16.50 

m ."* *** 
HYDROGRAPH AT STATION RWTE 

PEAK FLW TIME MAXIUUU AVERAGE FLGU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
1552. 4.25 (CFS) 277. 70. 23. 22. 

(INCHES) 2.341 2.361 2.361 2.361 
(AC-FT) 137. 139. 139. 139. 

PEAK STORAGE TIHE 
(AC-FT) (HR) 

4.25 

PEAK STAGE TIME 
(FEET) (HR) 
13.22 4.25 

W1)Un AVERAGE STORAGE 
6-HR 24-HR 72-HR 74.92-HR 

3. 1. 0. 0. 

MAXIM AVERAGE STAGE 
6-HR 24-HR 72-HR 74.92-HR 

10.97 10.25 10.08 10.08 

SUB-EASIN cas240 
6-HCNR RAINFALL, PATTERN NO. 1.53 MAS USED TO FIND TC 8 R FOR T H l S  BASIN 
THlS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
BASIN WXIFIED FRffl UICKENBERG MHS TO REFLECT DAM LOCATION 

SUBBASIN RUNOFF DATA 

46 BA SUBBASIN CHARACTERISTICS 
TAREA 0.14 SUBBASIN AREA 

PRECIPITATION DATA 

14 PB S T W ~ ~  3.35 BASIN TOTAL PRECIPITATION 

14 PI , INCREMENTAL PRECIPITATION PATTERN 5 
0.00 0.00 0.00 0.00 0.00 6.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

5 
S 

0100-ILF.OUT 5-2-95 llrO5a Pose 9 o f  21 



47 LG GREEN AND AUPT LGS RATE 
STRTL 0.10 STARTING LOSS 

DTH 0.21 HOlSTUlE DEFICIT 
PSI F 6.40 UETTING FRONT SUCTION 

XKSAT 0.14 HYDRAULIC CMlOUCTlVlTY 
RTlW 21.00 PERCENT IMPERVIWS AREA 

I CLARK UNITGRAPH 
TC 0.26 T I E  OF CONCENTRATION 

R 0.23 STORAGE COEFFICIENT 

ACCVUUTED-AREA VS. TIME 11 ORDINATES 
0.0 5.0 i6.0 30.0 65.0 77.0 84.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC. 0.26 HR, R. 0.23 HR 

SNYDER TP= 0.19 HR, CP= 0.52 

UNIT HYDROGRAPH 
16 END-OF-PERIW ORDINATES 

63. 187. 231. 182. 128. 89. 62. 
15. 10. 7. 5. 3. 2. 

I HYDROGRAPH AT STATION US240 

TOTAL RAINFALL r 3.35, TOTAL LOSS = t.m, TOTAL EXCESS = 2.32 

PEAK FLW T I M  WIM AMRAGE FLW 
(CFS) 4.08 

('') (CFS) 
6-HR 24-HR 72-HR 74.92-HR 

275. 35. 9. 3. 3. 
(INCHES) 2.300 2.305 2.305 2.305 
(AC-FT) 17. 17. 17. 17. 

52 KO OUTPUT CWTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSUL 0. HYDROGRAPH PLOT SCALE 

ADD ROUTED HYDROGRAPH TO CIS240 



1 CDWP 2 N W E R  OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATlMl DMIN 
SUM OF 2 HYOROGRAPHS 

~ m t * ~ ~ ~ t . * ~ * ~ t * t t . ~ n ~ + ~ ~ . ~ t * ~ ~ * ~ w , ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ . * * * ~ . ~ . ~ * ~ * * * * * t * t t * * ~ ~ ~ t * t * * * t l * * ~ * ~ * * * * t * * * ~ ~ * * * * * * * * * ~ * * * * * * * * * * * ~ * ~ * * ~ * *  

DA W HRHW OR0 FLU4 DA MON HRMN OR0 FLOW OA MON HRMW OR0 FLU4 OA MON H M N  OR0 FLOV 

WOO 1 
0005 2 
0010 3 
0015 4 
MKO 5 
0025 6 
omo 7 
0035 8 
0040 9 
0045 10 
0050 11 
0055 12 
0100 13 
0105 14 
0110 15 
0115 16 
0120 17 
0125 18 
0130 19 
0135 20 
0140 21 
0145 22 
0150 23 
0155 24 
0200 25 
0205 26 
0210 27 
0215 28 
0220 29 
M25 30 
0230 31 
0235 32 
0240 33 
w.5 34 
0250 35 
0255 36 
moo 37 
0305 38 
mio 39 
0315 40 
0320 41 
0325 42 
0330 43 
0335 44 
0340 45 
0345 46 
0350 47 
0355 48 
0400 49 
0405 50 . 0410 51 
0415 52 
0420 53 

" 

0. 1 
0. ; 1 
1. 1 
2. * 1 
4. 1 
6. * 1 
8. 1 

10. ; 1 
12. 1 
14. 1 
16. 1 
18. 1 
20. 1 
21. : 1 23. 1 
24. + 1 
25. * 1 
26. * 1 
26. * 1 
27. 1 
28. * 1 
28. 1 
29. 1 
29. 1 
29. * 1 
29. * 1 
29. * 1 
29. 1 
29. + 1 
30. + 1 
30. 1 
31. * 1 
33. + 1 
34. 1 
36. 1 
38. : 1 41. 1 
44. 1 
49. * 1 
54. * 1 
65. * 1 
86. * 1 

118. * 1 
174. : 1 265. 1 
402. * 1 
590. ; 1 845. 1 

1157. * 1 
1463. + 1 
1685. : 1 1769. 1 
im. i 

0100-Y1F.M 

0815 676 0. 
0820 b77 0. 
0825 678 0. 
0830 679 0. 
0835 680 0. 
0840 681 0. 
0845 682 0. 
0850 b(a 0. 
0855 6% 0. 
0900 685 0. 
OW5 686 0. 
0910 687 0. 
0915 688 0. 
0920 689 0. 
0925 690 0. 
0930 691 0. 
0935 692 0. 
0940 693 0. 
0945 694 0. 
0950 695 0. 
0955 696 0. 
1000 697 0. 
1005 698 0. 
1010 699 0. 
1015 700 0. 
1020 701 0. 
1025 702 0. 
1030 703 0. 
1035 704 0. 
1040 705 0. 
1045 706 0. 
1050 707 0. 
1055 708 0. 
1100 709 0. 
1105 710 0. 
1110 711 0. 
1115 712 0. 
1120 713 0. 
1125 714 0. 
1130 715 0. 
1135 716 0. 
1140 717 0. 
1145 718 0. 
1150 719 0. 
1155 720 0. 
1200 721 0. 
1205 722 0. 
1210 723 0. 
1215 724 0. 
1220 725 0. 
1225 726 0. 
iao 727 0. 
1235 728 0. 
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0955 120 
1000 121 
1005 122 
1010 123 
1015 124 
1020 125 
1025 126 
1030 127 
1035 128 
1040 129 
1045 130 
1050 131 
1055 132 
1100 133 
1105 134 
1110 135 
1115 136 
1120 137 
1125 138 
1130 139 
1135 140 
1140 141 
1145 142 
1150 143 
1155 166 
1200 145 
1205 146 
1210 147 
1215 148 
1220 149 
1 W  150 
1230 151 
1235 152 
1240 153 
1245 154 
1250 155 
1255 156 
1300 157 
1305 158 
1310 159 
1315 160 
1320 161 
1325 162 
ino 163 
1335 164 
1340 165 
1345 166 
1350 167 
1355 168 
1400 169 
IUJS im 
1410 171 
1415 172 
1420 173 
1425 174 
1430 175 
1435 176 
1440 177 
1665 178 
1450 179 
1455 180 
1500 181 
1505 182 
1510 183 
1515 184 
1520 185 

1810 795 
1815 796 
1820 797 
1825 798 
1830 7W 
1835 800 
1840 801 
1845 802 
1850 803 
1855 804 
1900 805 
1905 806 
1910 807 
1915 808 
1920 809 
1925 810 
1930 811 
1935 812 
1940 813 
1945 814 
1950 815 
1955 816 
2000 817 
2005 818 
2010 819 
2015 820 
2020 821 
2025 822 
2030 823 
2035 824 
2040 825 
2045 826 
2050 827 
2055 828 
2100 829 
2105 830 
2110 831 
2115 832 
2120 833 
2125 834 
2130 835 
2135 836 
2140 837 
2145 838 
2150 839 
2155 840 
2200 841 
2205 842 
2210 843 
2215 844 
2220 845 
2225 846 
2230 847 
2235 848 
2240 849 
2245 850 
2250 851 
2255 852 
2300 853 
2305 854 
2310 855 
2315 856 
2320 857 
2325 858 
2330 859 
2335 860 
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PEAK FLW TIW WIW AVERAGE FLW 
6-HR 24-HR n - H R  74.92-HR (CFS) 4.g 

1769. (HR' (CFS) 312. 79. 26. 25. 
(INCHES) 2.336 2.355 2.355 2.355 

(AC-FT) 154. 156. 156. 156. 

-c***** 
* 

55 a: omwr ; 
*.H***lh)t* 

Rmm Hydrograrh Thrwh Dam. 

c l i  
59 KO PUTPUT bNTROL VARIABLES 
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HYDROGRAPH ROV11Wi DATA 

58 RS STORAGE RDUTING 
NSTPS 1 WEER OF SIBREACHES 

ITYP STOR TYPE OF INITIAL CONDITION 
RSVRlC 2.00 INlTlAL MmDlTION 

X 0.00 WORKING R A)(D D COEFFICIENT 

AREA 2.0 2.5 5.8 6.8 9.1 10.2 11.0 11.3 11.6 11.9 
12.1 12.3 12.8 13.3 13.8 

ELEVATION 2135.00 2137.00 2140.00 2144.00 2150.00 2153.00 2155.00 2156.00 2157.00 2158.00 
2159.00 2160.00 2161.00 2162.00 2163.00 

CCWITED STORAGE-ELEVATION DATA 

STORAGE 0.00 4.53 16.62 41.74 89.06 117.93 139.09 150.24 161.71 173.66 
ELEVATION 2135.00 2137.00 2140.00 214G.00 2150.06 2153.00 2155.00 2156.00 2157.00 2158.00 

HYDROClUPH AT STATION OAUWl 
*HH**~*CH.tm*f*.H.\t*~~t-Ht~I.H*tIH*.~~fi*********~~*~~*******~H*~m*t*1**.1******LH****.********t*********1**"** 

DA WN H W N  ORD WTFLOU STORAGE STAGE OA WIN HRNN ORD WTFLOU STWGE STAGE : OA MON HRMN OR0 WTFLOU STORAGE STAGE 



0215 2E 
0220 29 
0225 30 
0230 31 
0235 32 
0240 33 
0245 34 
0250 35 
0255 M 
0300 37 
0305 38 
0310 39 
0315 40 
0320 41 
0325 42 
oao a 
0335 44 
0340 45 
0345 46 
0350 47 
0355 48 
0400 49 
0405 50 
0410 51 
0415 52 
0420 53 
0425 54 
OUO 55 
0435 56 
0440 57 
0445 58 
0450 59 
0455 60 
0500 61 
0505 62 
0510 63 
0515 4h 
0520 6 
0525 66 
0550 67 
0535 68 
0540 69 
0545 70 
0550 71 
0555 n 
m 7 3  
OM)5 74 
0610 75 
0615 76 
0620 77 
0625 78 
0630 79 
0635 M) 
0660 81 
-5 82 
0650 83 
0655 84 
omo m 
0705 86 
0710 87 
0715 88 ono 89 
0725 W 
0730 91 
0735 92 
0740 93 

0315 328 
0320 329 
0325 330 
0330 331 
0335 332 
0340 333 
0345 334 
0350 335 
0355 336 
0400 337 
0405 338 
0410 339 
0415 340 
0420 341 
0425 342 
0430 343 
0435 344 
0440 345 
0445 346 
0450 347 
0455 408 
0500 349 
0505 350 
0510 351 
0515 352 
0520 353 
0525 354 
0530 355 
0535 356 
0540 357 
0545 358 
0550 359 
0555 360 
0600 361 
O W  362 
0610 363 
0615 364 
0620 365 
0625 366 
0630 367 
0635 368 
0640 369 
0645 370 
0650 371 
0655 372 
om 373 
0705 374 
0710 375 
0715 376 
ono 377 
OR5 378 
0730 379 
0755 380 
0740 381 
0745 382 
0750 383 
0755 384 
0800 385 
0805 386 
0810 387 
0815 388 
0820 389 
0825 390 
0830 391 
0835 392 
08Po 393 
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PEAK FLOY TIME M X I ~  AVERAGE FLGU 
(CFS) CHR) 6-HR 24-HR 72-HR 74.92-HR 

151. 5.67 (CFS) 38. 9. 3. 3. 
(INCHES) 0.282 0.282 0.282 0.282 

(AC-FT) 19. 19. 19. 19. 

PEAK STMUGE TIME 
(AC-FT) 1 145. 

(HR) 
5.67 

PEAK STAGE TIME 
(FEET) (HR) 

2155.57 5.67 

M X I W  AKRAGE STORAGE 
6-HR 24-HR 72-HR 74.92-HR 
14t. 139. 137. 131. 

' PUXlI*IM AVERAGE STAGE 
6-HR 24-HR 72-HR 74.92-HR 

2155.14 2155.04 2154.69 2153.99 



OPERAT 1 ON 

HYDROGMPH AT 

HYDROGRAPH AT 

2 CMBlNED AT 

RDWD TO 

HYDROGRAPH AT 

2 CDnslND AT 

ROUTED TO 

STATIOW 

SAC230 

SAC235 

ADD 

ROUTE 

CAS240 

DAM IN 

DAWDUT 

*** NORMAL END OF HEC-1 *** 

PEAK 
FLCU 

1078. 

532. 

1608. 

1552. 

275. 

1769. 

151. 

RUNOFF SLR4MARY 
FLCU IN CUBIC FEET PER SECOND 

TIHE IN HOURS, AREA IN  SQUARE MILES 

TlUE OF 
PEAK 

4.17 

4.25 

4.17 

4.25 

4.08 

4.25 

5.67 

AVERAGE FLOW FOR HAXIMUM PERIOD 
6-HOUR 24-HOUR 72-HWR 

178. 45. 15. 

100. 25. 8. 

278. 70. 23. 

m. 70. 23. 

35. 9. 3. 

312. 79. 26. 

38. 9. 3. 

BASIN MAXIMUM TlME OF 
AREA STAGE MAX STAGE 

0.72 

0.38 

1.10 

1.10 

0.14 

1.24 

1.24 2155.57 

, 
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HECl S/N: 0134301122 HMVers im:  6.33 D a t a  FILE: hpn.he1 

- 
FLWD HYDROGRAPH PACKAGE (HEC-I) * MAY 1991 

VERSION 4.0.1E . . & - 
* RUN DATE 02/02/1995 TIME 14:12:34 * 
*Hn*rrmw*****t*m*H*m**HmHn 

* U.S. ARMY CORPS OF ENGINEERS 
* HYDROLOGIC ENGINEERING CENTER 

6 0 9  SECOND STREET * * DAVIS CALIFORNIA 95616 * * ($16) 756-1104 * . * 

X X XXXXXXX XXXXX X 
X X X  X X XX 
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX XXX 

........................................... ........................................... ........................................... ........................................... 
0.. ... ... ... ... ... F u l l  M i c r o c o ~ p l t e r  I m p l e m e n t a t i o n  ::: 
0.. ... ... w ... ... ... ... Haes tad  Methods, l n c .  ... ... ... ... ... ........................................... ........................................... ........................................... ........................................... 

3 7  B r o o k s i d e  Road * Waterbury.  C o n n e c t i c u t  06708 (203) 755-1666 

THIS PROGRAn REPLACES ALL PREVIWS VERSIONS OF HEC-1 KNOUN AS HECl (JAN 73). HECIGS, HECIDB, AND HEClKU. 

THE OEFINITIM(S OF VARIABLES - R T I W -  AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -MSKK- OW RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THlS I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DMBREAK OUTFLOW SUBMERGENCE SINGLE EVENT DAMAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALUJLATIO~ INTERVAL LOSS RATE: GREEN AND AMPT IHFI LTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

I, 

H P U . M  2-2-95 2:13p Page 1 of  22 



HEC-1 INWT PAGE 1 

LINE ID ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

FlNAL 112 PMF RUN HPM.HC1 

? 1 A G W  

l o  Casandro Wash Detent lan Dam CHZM H i l l  August, 1994 
ID Copy o f  HEC-1 f o r  a100, changed p r e c i p i t a t i o n  
I D  Rwised dam loca t ion  and basin gradlng 
'112 PMF Run - routed 

JR FLW .5 

7 ' KK SAC230 
8 131 SIB-BASIN SAC230 
9 KH &-HOUR RAINFALL, PATTERN NO. 1.53 WAS USED TO FlND TC & R FOR THlS BASIN 

10 131 THlS BASrN USE0 RAlNFALL REDUCTlON FACTOR OF .985 
11 BASIN FRLM UIEKENBERG A D ~ S  
12 BA .720 
13 IN  15 

PB 15 
131 THE FMLWIN0 P I  RECORD USES A 6-HOUR S T W  - HMRE DISTRIBUTION 
P I  0.075 0.075 0.075 0.075 0.125 0.125 0.125 0.125 0.4 0.4 
P I  0.4 0.4 8.4 1.7 0.7 0.7 0.2 0.2 0.2 0.2 
P I  0.075 0.075 0.075 0.075 
LG .I00 .ZM 5.200 .240 35.000 
uc .446 .M7 
UA 0 5 16 30 65 77 84 90 94 97 
A too 

KK SAC235 
131 SUB-BASIN sac235 
KM 6-HCUR RAINFALL, PATTERN NO. 1.53 WAS USED TO FlND TC & R FOR THlS BASIN 
KH THlS BASIN USED RAlNFALL REDUCTION FACTOR OF .985 
KH BASIN FROM WICKENBERG M W S  
BA 3 8 0  
LG .I00 0 6.200 .I50 36.000 
UC .450 .&I 
UA o 5 16 30 65 n 
A roo 

KK ADD 
131 ADD SAC230 & SAC235 
HC * 2 



HEC-1 INPUT PACE 2 

LINE I D  ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... i'....... 8 ....... 9 ...... 10 

KK RWTE 
KM RWTE MnBlNED HYDROGRAPH TO DAM LOCATION 
RS 1 F L W  . - 1  
RC .045 .0) .045 4200 .0175 
RX 463.5 467.5 477.5 487.5 512.5 522.5 532.5 536.5 
!Y 16.5 12.5 12.5 10.0 10.0 12.5 12.5 16.5 

. .. . -. . - 
KM SUB-6ASlN cas240 
KM &-HOUR RAINFALL, PATTERN NO. 1.53 MAS USED TO fIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
1QI BASIN m O I F l E D  FROM UICKENBERC ADMS TO REFLECT DAM LOCATION 
BA .140 
LC .lo0 .210 6.400 .I40 21.000 
UC 258  . a 2  
UA 0 5 16 30 65 77 84 90 94 97 
!A 100 

KK D M I N  
KM ADD RWTED HYDROGRAPH TO US240 
KO 1 

KK DAmUT 
KM R w t e  Hydrcgraph Through D m .  
m 

5 
2 

m.m 2-2-45 2:13p 
z 
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SCHEMATIC DIAGRAM OF STREAM NETWORK 
INPUT 

LINE (V) ROUTING (--->) DIVERSION OR PUMP FLU4 

no. (.) CONNECTOR (<- - - )  RETURN OF DIVERTED OR PUMPED FLOU 

7 SAC230 

v 
36 ROUTE 

42 CAS240 

52 DAMIN ............ 
v 
v 

56 D W T  

(-) RUNOFF ALSO UXlPUTED AT THIS LDCATION 



HECl S/N: 0134301122 W e r s i o n :  6.33 D a t a  F i l e :  hpn.hc l  

*~**m**m***-.*.H.****HH*.* * * 
" FLOW HYDROGRAPH PACUGE (HEC-1) : 

nAY 1991 
MRSlON 4.0.1E • * . 

* RUN DATE 02/02/1995 TIME 14:12:34 : * 
m******H*cm******cm***********m* 

Casandro Wash D e t e n t i o n  D m  CHZH H i l l  A u g m t .  1 W 4  
o f  HEC-1 f o r  0100, cha  ed p r e c i p i t a t i o n  

k x s e d  dm l o c a t i o n  srd ba3n g r a d i w  

W T W T  CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
l PLOT 0 PLOT CONTROL 
PSeAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NHlN 5 MIWTES I N  COMPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 
ITIME 0000 STARTING TIME 

WP 900 )(U(BER OF HYDROGRAPH ORDINATES 
NDDATE 4 0 ENDING DATE 
N D T l W  0255 ENDING TIME 
ICEYT 19 CENTURY WARK 

CDWPUTATION INTERVAL 0.08 HWRS 
TOTAL TIHE BASE 74.92 HWRS 

ENGLISH UNITS 
DRAINAGE AREA SPLURE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELNATION FEET 
F L W  CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
WRFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

JP WLTi-PLAW OPTION 
NPLAN 1 NUMBER OF PLANS 

MJLTI-RATIO OPTION 
RATIOS OF RUNOFF 

0.50 

* U.S. ARMY CORPS OF ENGINEERS * 
HYDROLOGIC ENGINEERING CENTER : 

609 SECOND STREET " DAVIS CALIFORNIA 95616 * 
* 

(516) 756-1104 * * 

" - 
****H.H*W** 

SUB-BASIN SAC230 ,, 

6-HOUR RAINFALL, PATTERN NO. 1.53 WAS USED TO FIND TC & R FOR THIS BASIN 
HPII.M 2-2-95 2:13p Page 5 of 2 2  



THIS BASIN USE0 RAINFALL REDUCTION FACTOR OF .985 
BASIN FRDn YICKENBERG ADMS 
THE FOLLOUING P I  RECORD USES A 6-HWR STORM - HMR#5 DISTRIBUTION 

TlME DATA FOR I N W T  TlME SERIES 
JXWIN 15 TIME INTERVAL I N  MINUTES 

JXDATE 1 0 STARTING DATE 
JXTIME 0 STARTING TIME 

SUBBASIN RUNOFF OATA 

1 2  BA SUBBASII CHARACTERISTICS 
TAREA 0.72 SUBBASIN AREA 

PRECIPITATION OATA 

STORM 15.00 BASIN TOTAL PRECIPITATION 

INCREUENTAL PRECIPITATION PATTERN 
0.03 0.03 0.02 0.03 
0.m 0.03 0.04 0.04 
0.04 0.04 0.04 0.04 
0.13 0.13 0.13 0.13 
0.57 0.57 0.23 0.23 
0.07 0.07 0.07 0.07 
0.02 0.03 0.02 0.02 
0.03 0.02 

GREEl AND AnPT LOSS RATE 
STRTL 0.10 STARTING LDSS 

DTH 0.25 MOISTURE DEFICIT 
PS lF  5 -20  WETTING FRONT SUCTION 

XKSAT 0.24 HYDRAULIC CONDUCTIVITY 
R T l W  35.00 PERCENT IMPERVIOUS AREA 

20 UC CLARK UNITGRAPH 
TC 0.45 TINE OF CONCENTRATION 

R 0.37 STORAGE COEFFICIENT 

ACWLATED-AREA VS. TIME 11 OWINATES 
0.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 

100.0 
*** 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= 0.45 HR, R= 0.37 HR 

SNYDER TP- 0.29 HR, CP= 0.48 

HYDROGRAPH AT STATION SAC230 
FOR PLAN 1, RATIO = 0.50 

TOTAL RAINFALL 15.00, TOTAL LOSS = 1.64, TOTAL EXCESS = 13.36 

PEAK FLOU TIME M X I M  AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 

6516. 3.50 (CFS) 1028. 258. 86. 83. 
(INCHES) 13.275 13.305 13.305 13.305 

5 
$ 
3 

1IPW.M 2-2-95 2rl3p Page 6 of 22 



HYDROGRAPH AT STATION SAC230 
FOR PLAN 1, RATIO = 0.50 

PEAK FLOU TIME MAXIM AVERAGE FLDU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
3258. 3.50 (CFS) 514. 129. 43. 41. 

(INCHES) 6.637 6.652 6.652 6.652 
(AC-FT) 255. 255. 255. 255. 

W L A T I W  AREA = 0.72 SP MI' 

SUB-BASIN sac235 
6-HDWI RAINFALL, PATTERN NO. 1.53 WAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
BASIN FRDW UICKENBERG ADMS 

SUBBASIN RUHOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA 0.38 SUBBASIN AREA 

PRECIPITATION DATA 

STORn 15.00 BASIN TOTAL PRECIPITATION 

INCRENENTAL PRECIPITATIW PATTERN 
0.03 0.03 0.02 0.03 0.03 0.02 0.03 0.03 0.02 0.02 
0.03 0.03 0.W 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

0'04 0.13 
0.04 

O w  0.13 
0.04 0.13 0.13 0.13 0.13 0.13 0.13 

0.13 0.13 0.13 0.13 2.80 2.80 2.80 0.57 
0.57 0.57 0.23 0.23 0.23 0.23 0.23 0.23 0.07 0.07 
0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 
0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.03 0.02 0.07 
0.03 0.02 

GREEN AN0 MPT LOSS RATE 
STRTL 0.10 STARTING LOSS 

DTH 0.23 PlOISNRE DEFICIT 
PSlF 6.20 NETTING FRONT SUCTION 

XKSAT 0.15 HYDRAULIC CONDUCTIVITY 
RTIHP 36.00 PERCENT INPERVIOUS AREA 

30 UC CLARK UNITGRAPH 
TC 0.45 TIME OF CONCENTRATION 

R 0.46 STCRAGE CEFFICIENT 

ACCUMULATED-AREA M. TIME 11 ORDINATES 
/ 

31 UA 
0.0 5.0 (6.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 
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UNIT HYDROGRAPH PARAMETERS 
CURK TC= 0.45 HR, R= 0.46 HR 

SNYDER TP= 0.31 HR, CP= 0.44 

UNIT HYDROGRAPH 
32 END-OF-PERIOD ORDINATES 

35. 162. 298. 339. 324. 290. 248. 207. 172. 144. 
120. 100. 86. 70. 58. 48. 40. 34. 28. 23. 
20. 16. 14. 11. 9. 8. 7. 6. 5. 4. 
3. 3. 

*** *** tt* *** *** 

HYDROGRAPH AT STATION SAC235 
FML PLAN 1, RAT10 = 0.50 

TOTAL RAINFALL = 15.00, TOTAL LOSS - 1.32, TOTAL EXCESS = 13.68 

PEAK FLOU T I E  MXlMM AVERAGE FLOU 
(CFSJ (HR) 6-HR 24-HR 72-HR 74.92-HR 
3076. 3.50 (CFS) 555. 139. 46. 45. 

(INCHES) 13.570 13.617 13.617 13.617 
(AC-FT) 275. 276. 276. 276. 

CUMILATIM AREA = 0.38 SP M I  

HYDROGRAPH AT STATION SAC235 
FML PLAN 1, RATIO = 0.50 

PEAK FLDU TIME W I M M  AVERAIIE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
1538. 3.50 (CFS) 277. 70. 23. 22. 

(INCHES) 6.785 6.808 6.808 6.808 
(AC-FT) 138. 138. 138. 138. 

CVMUUTIVE AREA = 0.38 SQ M I  

*m****+**** * * 
nn: : ADD : 

****HI**t**H 

ADD SAC230 B SAC235 

HYDROGRAPH CMBlNATlON 
1 COPlP 2 WEER OF HYDROGRAPHS TO COMBINE 

**t 

Xt* *** **. *** 
, > 

HYDROGRAPH AT STATION ADD 
FOR PLAN 1, WT10 = 0.50 d 

5 
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PEAK FLOW TIME MAXIMUM AVERAGE FLOW (:%. (HR) 6-HR 24-HR 72-HR 74.92-HR 
3.50 (CFS) 791. 198. 66. 64. 

(INCHES) 6 . W  6.706 6.706 6.706 
(AC-FT) 392. 393. 393. 393. 

CUMlUTIVE AREA = 1.10 SP M I  

m*r*r*+nnt 
* 

36 KK RWTE : 
nm*r(****m 

RWTE COMBINEO HmnmRAPn TO DAM LOCATION 

HYDROGRAPH RWTING M T A  

38 RS STORAGE RWTING 
NSTPS 1 W E R  OF SUBREACHES 

ITYP FLOW TYPE OF INITIAL CMmITlON 
RSVRIC -1.00 INITIAL CONDITION 

X 0.00 WORKING R AND D COEFFICIENT 

NORWLL DEPTH 
ANL 

CHANNEL 
0.045 LEFT WERBANK N-VALUE 
0.030 WIN CHANNEL N-VALUE 
0.045 RIGHT OVERBANK N-VALUE 
4200. REACH LENGTH 

0.0175 ENERGY SLOPE 
0.0 RAX. ELEV. FOR STORAGE/WTFLOW CALCULATION 

CROSS-SECTION DATA --- LEFT OVERBANK --- + ------ MAIN CHANNEL -------  + - - -  RIGHT OVERBANK --- 
41 RY ELEVATION 16.50 12.50 12.50 10.00 10.00 12.50 12.50 16.50 
40RX DISTANCE 463.50 467.50 477.50 487.50 512.50 522.50 532.50 536.50 

**. 
CWPWED STORAGE-WTFLOW-ELEVATION DATA 

STORAGE 0.00 0.87 1.83 2.88 4.02 5.25 6.57 7.98 9.93 12.10 
WTFLW 0.00 27.97 90.60 181.95 300.62 446.32 619.30 820.07 1082.86 1405.42 

ELEVATION 10.00 10.34 10.68 11.03 11.37 11.71 12.05 12.39 12.74 13.08 

STORAGE 14.m 16.51 18.75 21.01 23.29 25.60 27.93 30.28 32.65 35.05 
WTFLW 1769.68 2172.41 2611.51 3085.39 3592.83 4132.80 4704.46 5307.08 5940.05 6602.82 

ELEVATION 13.42 13.76 14.11 14.45 14.79 15.13 15.47 15.82 16.16 16.50 

*** **. *** 
HYDROGRAPH AT STATION RWTE 

FOR PLAN 1, RATIO = 0.50 

PEAK FLOU TIME M A X I M  AVERAGE FLOU 
(HR) 

(CFS) 3.50 
6-HR 24-HR 7.2-HR 74.92-HR 

4700. (CFS) 791. 198. 66. 64. 
6.706 6.706 6.706 (INCHES) 6.682 

(AC-FT) 392. 393. 393. 393. 

5 
S 
S 
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PEAK STMUGE TIME 
(AC-FT) 

PEAKSTAGE TIME 
(FEET) (HR) 
15.47 3.50 

WIM AMRAOE STAGE 
6-HR 24-HR 72-HR 74.92-HR 

11.66 10.42 10.14 10.14 

**H*.***H*** 

SUB-BASIN ens240 
6-HOUR RAINFALL, PATTERN NO. 1.53 UAS USED TO FINO TC b R FOR T H I S  BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
BASIN UWIFIED FRDn UICKENBERO MMS TO REFLECT DM LOCATION 

WBBASIN RUNOFF DATA 

47 Blr WBBASIN CHARACTERISTICS 
TMIEA 0.14 SUBBASIN AREA 

PRECIPITATION DATA 

15 PB STMUl 15.00 BASIN TOTAL PREClPlTATlON 

INCREUENTAL PRECIPITATION PATTERN 
0.03 0.03 0.02 0.03 0.03 0.02 0.03 0.03 
0.63 0.03 0.04 0.04 0.04 0.04 0.04 0.04 
0.04 0.04 0.04 0.04 0.13 0.13 0.13 0.13 
0.13 0.13 0.13 0.13 0.13 0.13 2.80 2.80 
0.57 0.57 0.23 0.23 0.23 0.23 0.23 
0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 
0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.03 
0.03 0.02 

CLARK UNITGRAPH 
TC 0.26 TlUE OF CONCENTRATION 

R 0.23 STMUGE COEFFICIENT 

ACCUMILATED-AREA VS. TIME $1 ORDINATES 
0.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARX TC= 0.26 HR, R- 0.23 HR 

SNYDER TP= 0 . 1 9 ~ ~ .  CP= 0.52 

3 
2 
i 
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UNIT HYDROGRIIPH 
16 END-OF-PERIM) ORDINATES 

63. 187. 231. 182. . 128. 89. 62. 43. 30. 21. 
15. 10. 7. 5. 3. 2. 

HYDROGRAPH AT STAT lM l  CAS240 
FOR PLAN 1, RATIO 0.50 

TOTAL RAINFALL 1 15.00, TOTAL LOSS = 1.55, TOTAL EXCESS = 13.45 

PEAI. FLOW TIHE WIWM AVERAGE FLOW 
(HR) 

(CFS) 3.33 
6-HR 24-HR 72-HR 74.92-HR 

1748. (CFS) 201. 50. 17. 16. 
(INCHES) 13.372 13.387 13.387 13.387 
(AC-FT) 100. 100. 100. 100. 

HYDROGRAPH AT STATIQl CAS240 
FOR PUN 1, RATIO ' 0.50 

PEAK FLW TIHE MAXIM AVERAGE FLW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 

874. 3.33 (CFS) 101. 25. 8. 8. 
(INCHES) 6.686 6.693 6.693 6.693 
(AC-FT) 50. 50. 50. 50. 

RMUUTIVE AREA a 0.14 SP M I  

rn*m******+ 

52 KK * DAMIN : 
H**.***H**H 

ADD ROUTED HYDROGRAPH TO CAS240 

54 KO WTWT CONTROL VARIMLES 
IPRNT 1 PRINT CONTROL 
l PLOT 0 PLOT COWTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

55 HC HYDROGRAPH COMBINATION 
1WnP Z W E R  OF HYDROGRAPHS TO CMBINE 

HYDROGRAPH AT STATION DAMIN 
SUM OF 2 HYDRDGRAPHS 

PLAN 1, RATIO = 0.50 

t**~tt*;**l**~.l*~1tt*****~*~*t*~*****t*****~~****1**ttt**tt~**~~*~*'~*~t*tt~~**~**t~~t*ttt*t*~***1~~*~***~**r~1*************~~ * * * 
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I DA HON HW ORD FLOW : DA KON H W  MI0 FLDU : OA MON HRMN MID FLW Or4 MON HRHN ORD FLOU I 

1330 451 
1335 452 
1340 453 
1345 454 
1350 455 
1355 456 
1400 457 
1405 458 
1410 459 
1415 460 
1420 461 
1425 462 
1430 463 
1435 464 
1 4 4  465 
1445 466 
1450 467 
1455 468 
1500 469 
1505 470 
1510 471 
1515 472 
1520 473 
1525 474 
1530 475 
1535 476 
1540 477 
1545 478 
1550 479 
1555 480 
1600 481 
1605 482 
1610 WU 
1615 4114 
1620 485 
1625 486 
1630 487 
1635 488 
1640 489 
1645 490 
1650 491 
1655 492 
imo 493 
1705 4% 
1710 495 
1715 496 
ino 497 
1725 498 
i n 0  499 
1735 500 
1740 501 
1745 502 
1750 503 
1755 504 
1800 505 
1805 506 
1810 507 
1815 508 
1820 509 
1825 510 
1830 511 
1835 512 
1840 513 
1845 514 

676 
677 
678 
679 
680 
681 
682 
683 
684 
685 
686 
687 
688 
689 
690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 
70 1 
702 
703 
704 
705 
706 
707 
708 
709 
710 
71 1 
71 2 
71 3 
714 
715 
716 
71 7 
71 8 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 
216 
737 
738 
739 

page 





1905 806 
1910 807 
1915 808 
1920 809 
1925 810 
1930 811 
1935 812 
1940 813 
1945 814 
1950 815 
1955 816 
2000 817 
2005 818 
2010 819 
2015 820 
2020 821 
2025 822 
2030 823 
2035 824 
2040 825 
2045 826 
2050 827 
2055 828 
2100 829 
2105 830 
2110 831 
2115 832 
2120 833 
2125 834 
2130 835 
2135 836 
2140 837 
2145 838 
2150 839 
2155 840 
2200 841 
2205 842 
2210 843 
2215 844 
2220 845 
2225 846 
2230 847 
2235 848 
2240 849 
2245 850 
2250 851 
2255 852 
2300 853 
2305 854 
2310 855 
2315 856 
2320 857 
2325 858 
2330 859 
2335 864 
2340 861 
2345 862 
2350 863 

2355 0000 864 865 
0005 866 
0010 867 
5015 868 
0020 869 
0025 870 
0030 871 
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1620 
1625 
1630 
1635 
1640 
1645 
1650 
1655 
imo 
1705 
1710 
1715 
i n o  
1725 
1730 
1735 
1740 
1745 
1750 
1755 
1800 
1805 
1810 
1815 
1820 
1825 
1830 
1835 
1840 

PEAK FLOW TIME WIW AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
5398. 3.50 (CFS) 891. 224. 75. 72. 

(INCHES) 6.681 6.705 6.705 6.705 
(AC-FT) 442. 443. 443. 443. 

CUMULATIVE AREA = 1.24 SP 111 

-*******. 
* " 

56 KK OAMWT : 
mu********* 

Route Hydrogreph Through Dam. 

WTWT CONTROL VARIABLES 
IPRNT 1 PRINT COWTRDL 
[PLOT 0 PLOT CONTROL 
PSWL 0. HYOROGRAPH PLOT SCALE 

HYDROGRAPH ROUTING DATA 



61 5% AREA 2.0 2.5 5.8 6.8 9.1 10.2 11.0 11.3 11.6 11.9 
12.1 12.3 12.8 13.3 13.8 

63 SE ELEVATION 2135.00 2137.00 2140.00 2144.00 2150.00 2153.00 2155.00 2156.00 2157.00 2158.00 
2159.00 2160.00 2161.00 2162.00 2163.00 

65 SP 0 1 SCHARGE 0. 10. 14. 19. 23. 29. 31. 295. 823. 1539. 
2423. 3450. 4577. 5773. 7015. 

**X 

CMPUTED STCRAGE-ELEVATION DATA 

STORAGE 0.00 4.53 16.62 41.74 89.06 117.93 139.09 150.24 161.71 173.46 
ELEVATION 2135.00 2137.00 2140:OO 2144.00 2150.00 2153.00 2155.00 2156.00 2157.00 2158.00 

STORAGE 185.44 197.64 210.20 223.26 236.82 
ELEVATION 2159.00 2160.00 2161.00 2162.00 2163.00 

***HH-4H*Htt*-H***t**~~~~****H***1H.t**+mt**~~*******~***%*tt*****HI**t******~*****~tN**tt*t~*tt********~******** 

HYDROGRAPH AT STATION DAMCUT 
PLAN 1, RATIO = 0.50 

XttH*Hnll*-*-.HCIH**m*H**tHW*Hhn***-t1*It****t****t*+m**ttHt*H***********t**tt**t****t***et**t*1**tt**tt * 
DA HON HRHN OR0 OUTFLW STDlUGE STAGE " DA HON HRMN ORD OUTFLW STORAGE STAGE DA MOW HRHN OR0 OUTFLOW STORAGE STAGE 

52.7 2145.4 
52.6 2145.4 
52.4 2145.4 
52.3 2145.3 
52.2 2145.3 
52.0 2145.3 
51.9 2145.3 
51.7 2145.3 
51.6 2145.3 
51.5 2145.2 
51.3 2145.2 
51.2 2145.2 
51.1 2145.2 
50.9 2145.2 
50.8 2145.1 
50.6 2145.1 
50.5 2145.1 
50.4 2145.1 
50.2 2145.1 
50.1 2145.1 
50.0 2145.0 
49.8 2145.0 
49.7 2145.0 
49.5 2145.0 
49.4 2145.0 
49.3 2145.0 
49.1 2144.9 
49.0 2144.9 
48.9 2144.9 
48.7 2144.9 
48.6 2144.9 
48.5 2144.9 
48.3 2144.8 
48.2 2144.8 
48.1 2144.8 
47.9 2144.8 
47.8 2144.8 
Page 16 of 22 



2 0405 338 
2 0410 339 
2 0415 340 
2 0420 341 
2 0425 342 
2 0430 343 
2 0435 344 
2 0440 345 
2 0445 346 
2 0450 347 
2 0455 348 
2 woo 349 
2 0505 350 
2 0510 351 
2 0515 352 
2 0520 353 
2 0525 354 
2 0530 355 
2 0535 356 
2 0540 357 
2 0545 358 
2 0550 359 
2 0555 360 
2 0600 361 
2 0605 362 
2 0610363 
2 0615 364 
2 0620 365 
2 0625 366 
2 0630 367 
2 0635 368 
2 0640 369 
2 0645 370 
2 0650 371 
2 0655 372 
2 0700 373 
2 0705 374 
2 0710 375 
2 0715 376 
2 0720 377 
2 0725 378 
2 0730 379 
2 0735 380 
2 0740 381 
2 0745 382 
2 0750 383 
2 0755 384 
2 0800 385 
2 0805 386 
2 0810 387 
2 0815 388 
2 0820 389 
2 0825 390 
2 0830 391 
2 0835 392 
2 0840 393 
2 0845 394 
2 0850 3% 
2 0855 396 
2 WOO 397 
2 0905 398 
2 0910 399 
2 0915 400 
2 0920 401 
2 0925 402 
2 0930 403 
2.13~ 





2 1505470 
2 1510 471 
2 1515 472 
2 1520 473 
2 1525 474 
2 1530 475 
2 1535 476 
2 1540 477 
2 1545 478 
2 1550 479 
2 1555 480 
2 1600 481 
2 16Q5 482 
2 1610483 
2 1615484 
2 1620 485 
2 1625 486 
2 1630 487 
2 1635488 
2 1640 489 
2 1645490 
2 1650 491 
2 1655 492 
2 1700 493 
2 17054% 
2 ino 495 
2 1715496 
2 1720 497 
2 1725 498 
2 1730 499 
2 1735 500 
2 1740 501 
2 1745 502 
2 1750 503 
2 1755 504 
Z 1800 505 
2 1805 506 
2 1810 507 
2 1815 508 
2 1820509 
2 1825 510 
2 1630 511 
2 1835 512 
2 1840 513 
2 1845 514 
2 1850 515 
2 1855 516 
2 1900 517 
2 1905 518 
2 1910 519 
2 1915 520 
2 1920 521 
2 1925 522 
2 1930 523 
2 1935 524 
2 1940 525 
2 1945 526 
2 1950 527 
2 1955 528 
2 2000 529 
2 2005 530 
2 2010 531 
2 2015 532 
2 2020 533 
2 2025 534 
2 2030 535 
2:13p 

1605 770 
1610 771 
1615 m 
1620 m 
1625 774 
1630 m 
1635 776 
1640 m 
1645 778 
1650 779 
1655 780 
imo mi 
1705 782 
ino nu 
1715 784 
1720 785 
1725 786 
1730 787 
1735 TBB 
1740 789 
1745 790 
1750 791 
1755 792 
1800 793 
1805 794 
1810 795 
1815 796 
1820 797 
1825 793 
1830 799 
1835 800 
1840 801 
1845 802 
1850 803 
1855 804 
1900 805 
1905 806 
1910 807 
1915 808 
1920 809 
1925 810 
1930 811 
1935 812 
1940 813 
1945 814 
1950 815 
1955 816 
2000 817 
2005 818 
2010 819 
2015 820 
2020 821 
2025 822 
2030 823 
2035 824 
2040 825 
2045 826 
2050 827 
2055 €28 
2100 829 
2105 830 
2110 831 
2115 832 
2120 833 
2125 834 
2130 835 





I PEAK FLOW TlME 
(CFS) (HR) 

HAXIMUM AVERAGE FLW 
6-HR 

3708. 
24-HR 

3.83 
72-HR 74.92-HR 

(CFS) 622. 176. n. 
(INCHES) 4.663 

69. 
5.281 6.444 

(AC-FT) 
6.472 

308. 349. 426. 428. 

PEAK STORAGE TlME 
(AC-FT) (HR) 

201. 3.83 

PEAK STAGE TlME 
(FEET) (HR) 

2160.23 3.83 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR R - H R  74.92-HR 
151. 123. 76. 73. 

HAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 74.92-HR 

2156.05 2153.36 2147.89 2147.47 

CUHULATIM AREA c 1.24 SP HI 



PEAK FLOU AND STAGE (END-OF-PERIOD) S W R Y  FOR MULTIPLE PLAN-RATIO ECONOMIC_COMPUTATIONS 
FLOWS I N  CUBIC FEET PER SECOND, AREA I N  SQUARE MILES 

TlME TO PEAK I N  HWRS 

RATIOS APPLIED TO FLOWS 
OPERATION STATION AREA PLAN RAT10 1 

0.50 

HYDROGRAPH AT SAC230 0.72 1 FLW 3258. 
TIME 3.50 

HYDROGRAPH AT SACUS 0.38 1 FLOU 1538. 
TIME 3.50 

2 COMBINED AT ADD 1.10 1 F L W  4796. 
TIME 3.50 

RWTED TO RWTE 1.10 1 FLOW 4700. 
TIME 3.50 

** PEAK STAGES I N  FEET ** 
1 STAGE 15.47 

TINE 3.50 

HYDROGRAPH AT WS%O 0.14 1 F L W  874. 
TINE 3.33 

2 COHBIWED AT DAMIN 1.24 1 FLOU 5398. 
TIME 3.50 

ROUTED TO DAHWT 1.24 1 FLOW 3708. 
TIME 3.83 

1 *** NORMAL END OF K C - 1  

" PEAK STAGES I N  FEET '* 
1 STAGE 2160.23 

TIME 3.83 



HECl S/N: 0134301122 M V e r s i o n :  6.33 D a t a  F i l e :  a 1 0 0 . h d  I 

* FLWD HYDROGRAPH PACKAGE (HEC-1) l i MAY 1991 
VERSION 4.0.1E I * 

* RUN DATE 02/02/1995 TIME 1L:ll:15 * 
*******.**nN************mtt*~***.. I *  

X X XXXXXXX XXXXX X 
X X X  X X 
X X X  

XX 
X X 

XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X x x m  xxxxx XXX 

... ... ... ... ... ... F u l l  l l i c r o c o n p u t e r  l n p l e m n t a t i c n  ::: ... ... ... bv ... ... ... ... H a e s t s d  Methods, Inc .  ... ... ... ... 

**.*t***tt****************x******* 
* 
* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * 

6 0 9  SECOND STREET * DAVIS CALIFORNIA 95616 * 
* (416) 756-1104 . 

37 B r o o k s i d e  R o d  Waterbury, C o ~ e c t i c u t  06708 * (203) 755-1666 

THlS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 K N W  AS HECl (JAN 73). HECIGS, HEClD8. AN0 HEClW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AN0 -RTIOR- HAVE CHANGED FRffl THOSE USED WITH THE 1973-STYLE I N W T  STRUCTURE. 
THE DEFINITION OF -AHSKK- ON RII-CARD UAS CHANGED UITH REVISIONS DATED 28 SEP 81. THlS I S  THE FORTRANi7 VERSION 
NEW OPTIONS: DAUBREAK OUTFLOU SUWRGENCE , SINGLE EVENT DAMAGE CALWLATION, DSS:URITE STAGE FREWENCY, 
DSS:READ TIME SERIES AT DESlRED CALWUTION INTERVAL L M S  RATE:GREEN AN0 AMPT I N F l  LTRATION 
KINEMATIC UAVE: NEW F INITE DIFFERENCE ALGORITHM 



HEC-1 INWT PAGE 1 

LINE 

filename = QlOO.HC1 * 

ID Casandro Uash Detention Dan CHZM H i  L l  April, 1994 
ID HEC-1 for 0100. revised dan location alternative it3 

KK SAC230 
R SUB-BASIN SAC230 
R 6-HOM RAINFALL, PATTERN NO. 1.53 WS USED TO FINO TC & R FOR T H l S  BASIN 
R THIS BASIN USED RAINFALL REDUCTION FACTcR OF .985 
KH BASIN FROll UImNBERG ADHS 
BA .RD 
IN 15 
R RAINFALL DEPTH OF 3.40 UAS SPACIALLY REDUCED AS SHCUN BY THE PB RECORD 
* 10 ear = 2.202. 100 year - 3.350 
pe 1.350 
R THE FDLLOUING PC RECORD USED A 6-HWR STORM UlTH A PATTERN No. OF 1.53 
PC .OOO .OW .016 .025 .034 .042 .051 .059 .067 
PC .087 .lo0 .I19 .I51 .235 .416 .760 .8R .915 
PC .956 .967 .979 .9BP 1.000 
LC .lo0 .250 5.200 .240 35.000 
UC .446 .367 
UA 0 5 16 30 65 77 84 90 94 

I" 100 

10: SAC235 
R SUB-BASIN sac235 
R 6-HOUR RAINFALL, PATTERN NO. 1.53 MAS USED TO FIND TC & R FOR T H l S  BASIN 
Kt4 THlS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
~n BASIN FRCU UICMNBERG ADns 
BA .380 
LG .lo0 .230 6.200 .I50 36.000 
UC .450 .461 
UA 0 5 16 30 65 77 84 90 94 97 

!!& 
100 

KK MD 
KH ADD SAC230 & SAC235 
HC 
t 

2 

KK RWTE 
R RWTE CCUBINED HYDROGRAPH TO DAM LDCATIDN 
FS 1 FLU4 -1 
RC .045 .m ,045 4200 . o i n  
RX 463.5 467.5 477.5 487.5 512.5 522.5 532.5 536.5 
i Y  16.5 12.5 12.5 10.0 10.0 12.5 12.5 16.5 



HEC-1 I N W T  PAGE 2 

...... ....... ....... ....... ....... ....... LINE I D  ....... 1 ....... 2 ....... 3 ....... 4 5 6 7 8 9 1U 

KK CAS240 
KH SUB-BASIN cas240 
KU 6-HOUR RAINFALL, PATTERN NO. 1.53 UAS USED TO FIND TC & R FOR THIS BASIN 
Kn THlS  M S I W  USED RAINFALL REDUCTION FACTOR OF .985 
KM BASIN R W l F I E D  FROM UICKENBERG ADMS TO REFLECT DAM LOCATION 
BA . jLO . ...... 
LO . I 0 0  .210 6.400 . I 4 0  21.000 
UC 258 .232 
UA 0 5 16 3 0  65 77 
A roo 

KK DAMIN 
KO 1 
Kn ADD ROUTED HYDROGRAPH TO CAS240 
HC 2 

KK DAMOUT 
IDI R o u t e  Hydrograph  Through D m .  
Kn 
RS 1 STOR 2 
50 1 



SCHEWATIC DIAGRAM OF STREAM NETWRK 
1 NPUT 

LINE (V) RWTlNG (---a) DIVERSION OR PIMP F L W  

NO. (.) CONNECTOR (<---) RETURN OF DIVERTED OR W P E D  FLOW 

5 SAC230 

3 2  ADD ............ 
v 
v 

3 5  RWTE 

5 1  DAMIN ............ 
v 
v 

55 DAMOUT 

(***) RUNOFF ALSO MHPUTED AT THIS LOCATION 



HECl SIN: 0134301122 HMVemlon: 6.33 D a t a  F i l e :  Q100.hcl I 

.t***t*****Xt****N*******H***********.* 
t 

* FLODD HYDROGRAPH PACKAGE (HEC-1) : 
HAY 1991  * VERSIOW 4.O.IE . 

* RUN DATE 02/02/1995 TlME 14:11:15 * . 

Casandro Mash D e t e n t i o n  D m  CHW H i  ll A p r i l ,  1594 
HEC-1 f o r  Q100, r e v i s e d  dam l o c a t i o n  a l t e r n a t i v e  #3 

OUTPUT COWTROL VARIABLES 
IPRWT 3 PRlNT WNTROL 
IPLOT 0 PLOT CONTROL 

HYDROGRAPH TIME 
NMlN 

IDATE 
ITIME 

Na 
NDDATE 
NOTIME 
ICENT 

DATA 
5 

1 0  
0000  

900  
4 D 

0255 
19 

MINUTES I N  WllPUTATlON INTERVAL 
STARTING DATE 
STARTING TIME 
NMBER OF HYDROGRAPH ORDINATES 
ENDING DATE 
ENDING TlME 
CENTURY MI: 

C M W T A T I M I  INTERVAL 0.08 HOURS 
TOTAL TIME BASE 74.92 HOURS 

ENGLISH UNITS 
DRAINAGE AREA 
PRECIPlTATlMl DEPTH 
LENGTH, ELEVATION 
FLW 

SWARE MILES 
INCHES 
FEET 
CUBIC FEET PER SECOND 
ACRE-FEET 
ACRES 
DEGREES FAHRENHEIT 

...................................... " t 

* U.S. ARMY CORPS OF ENGINEERS 
* HIDROLOGIC ENGINEERING CENTER 

6 0 9  SECOND STREET " DAVIS CALIFORNIA 95616 * 
(516) 756-1104 * * 

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

SUB-BASIN SAC230 
6-HOUR RAINFALL, PATTERN NO. 1.53 MAS USED TO FIND TC & R FOR THIS BASIN 
THIS  BASIN USED RAINFALL REDUCTION FACTOR OF .985 
BASIN F R M  UICKENBERG M W  
RAINFALL DEPTH OF 3.40 MAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD 
THE FDLLOUING PC RECORD USED A 6-HOUR STORM WITH A PATTERN No. OF 1.53 

1 1  I N  TIME DATA FOR INPUT TIME SERIES 
JXHlN 15  TIME INTERVAL I N  MINUTES 

JXDATE I 0 STARTING DATE 
0 1 W . ~  2-2-95 2:Hp Paw S of 21 



JXTIME 0 STARTING TIME 

SUBBASIN RUNOFF DATA 

10 BA SUBBASIN CHARACTERISTICS 
TMEA 0.72 SUBBASIN AREA 

PRECIPITATION DATA 

14 P8 STMUl 3.35 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPI 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.03 0.03 
0.04 0.01 
0.00 0.00 
0.00 0.00 

'TERN 
0.00 
0.00 
0.00 
0.01 
0.06 
0.01 
0.00 

18 LG GREEN AND AMP1 LOSS RATE 
STRTL 0.10 STARTING LOSS 

DTH 0.25 MOISTURE DEFICIT 
PSl F 5.20 UETTING FRWT SUCTION 

XKSAT 0.24 HYDRAULIC COWDUCTIVITY 
RTIMP 35.00 PERCENT IMPERVIWS AREA 

I l9 Uc 

CLARK UNITGRAPH 
TC 0.45 TINE OF CONCENTRATION 
R 0.37 STORAGE COEFFICIEttT 

ACCUMLATED-AREA VS. TIME 11 DRDIWATES 
0.0 5.0 16.0 30.0 65.0 77.0 

100.0 

UNIT HYDROGRAPH PWETERS 
CLARK TC= 0.45 HR, R= 0.37 HR 

SNYDER TP= 0.29 HR. CP= 0.48 

UNIT HYDROGRAPH 
26 END-OF-PERIOO ORDINATES 

83. 383. 681. 750. 692. 597. 487. 387. 308. 246. 
195. 156. 124. 99. 79. 62. 50. 40. 32. 25. 
20. 16. 13. 10. 8. 6. *.. H.* *I* *** H* 

HYDROGRAPH AT STATION SAC230 

TOTAL RAINFALL = 3.35, TOTAL..LOSS = 1.03, TOTAL EXCESS = 2.32 

PEAK FLOW TIME WII(W AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92% 
1078. 4.17 (CFS) 178. 45. 15. 14. 

(INCHES) 2.293 2.306 2.306 2.306 
(AC-FT) 08. 89. 89. 89. 

CUMULATIVE AREA = 0.72 SQ MI 

**. t*. I** *** .** *** *t* *** It* *** **1 **I *.* tt* *** *** .t* *** *** *** .** *** .** *** tt* **. *.* *** *** *** *** *** *t* 
P1OQ.M 2-2-95 2:llp Page 6 of 21 



SUB-BASIN sac235 
6-HWR RAINFALL, PATTERN NO. 1.53 WAS USED TO FIND TC & R FOR T H l S  BASIN 
THlS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
BASIN FRCN UlCKENEERG ADMS 

SUBBASIN RUNOFF DATA 

27 BA SUBBASIN CHARACTERISTICS 
TAREA 0.38 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 3.35 BASIN TOTAL PRECIPITATION 

1 NCREMENTAL PREClPlTATl @A PATTERN 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.01 
0.03 0.03 0.06 0.06 
0.04 0.01 0.01 0.01 
0.00 0.00 0.00 0.00 
0.00 0.00 

GREEN AND AMP1 LOSS RATE 
STRTL 0.10 STARTING LOSS 

DTH 0.23 MOISTURE DEFICIT 
PSIF 6.20 UETTING FRONT SUCTION 

XKUT 0.15 HYDRAULIC CONDUCTIVITY 
RTIMP 36.00 PERCENT INPERVIWS AREA 

CLARK UNITGRAPH 
TC 0.45 TIHE OF CONCENTRATION 

R 0.46 STORAGE WEFFICIENT 

ACCUWUTED-AREA VS. TIME 11 ORDINATES 
0.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

UN l T HYDROGRAPH PARMETERS 
CLARK TC= 0.45 HR, R= 0.46 HR 

SNYDER TP= 0.31 HR, CP= 0.44 

UNIT HYDROGRAPH 
32 END-OF-PERIOO ORDINATES 

35. 162. 298. 339. 324. 290. 248. 2 ~ 7 .  ~n. 144. 
120. 100. 84. 70. 58. 48. 40. 34. 28. 23. 
20. 16. 14. 11. 9. 8. 7. 6. 5. 4. 
3. 3. 

*** **. .** *** *n 

HmnffiRAPH AT STATION ~ ~ 2 3 5  

TOTAL 'RAINFALL = 3.35, TOTAL LLOSS = 0.87, TOTAL EXCESS 2.48 

PEAK FLOW TIME MAXIIIUII AVERAGE FLOW 
P1OO.M 2-2-95 2:llp Page 7 of 21 



(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
532. 4.25 (CFS) 100. 25. 8. 8. 

(INCHES) 2.450 2.467 2.467 2.467 
(AC-FT) 50. 50. 50. 50. 

CWLATIVE AREA ' 0.38 SO M I  

************** 
t * 

32 KK : ALJD : 
.************* 

ADO SAC230 & SAC235 

34 HC HYDROGRAPH CMBINATION 
ICOI(P 2 NUMBER OF HYDROGRAPHS TO COMBINE 

n* 

*** ..* H* *** 

I HYDROGRAPH AT STATION AnD 

PEM FLOW TIME MXl l l l l l  AVERAGE FLW 
CCFSI (HR) 6-HR 24-HR 72-HR 74.92-HR 
1608. 4.17 (CFS) 278. 70. 23. 22. 

(INCHES) 2.347 2.361 2.361 2.361 
(AC-FT) 138. 139. 139. 139. 

( a*. *H *** *** **. tt* *.. *** *** *.* *** *** tH *.* *** *** *** *** *H *** *.. *** *** *a* *** *** *** *** *** H* *** *** It* 

HHh).******* 

RWTE CWBINED HYDROGRAPH TO DM LOCATION 

HYDROGRAPH m I N G  DATA 

37 RS STORAGE ROUTING - 
NSTPS 1 NUMBER OF SUBREACHES 
ITYP FLW TYPE OF INITIAL CONDITION 

RSVRlC -1.00 INITIAL MIIDITION 
X 0.00 UORKING R M D COEFFICIENT 

38 RC NORMAL DEPTH CWJYEL 
AWL 0.045 LEFT OVERBANK N-VALUE 

ANCH 0.030 WIN CHANNEL U-VALUE 
ANR 0.045 RIGHT OVERBANK N-VALUE 

RLNTH 4200. REACH LENGTH 
SEL 0.91K ENERGY SLOPE 

E L W  0.0 IUX. ELEV. FOR STORAGEIOUTFLW CALCULATION 



CROSS-SECTION DATA --- LEFT OVERBANK --- + ------ M I N  CHANNEL - - - - - - -  + - - -  
40 RY 

RIGHT WERBANK ---  
ELEVATlON 16.50 12.50 12.50 10.00 10.00 12.50 12.50 16.50 

39 RX DISTANCE 463.50 467.50 477.50 487.50 512.50 522.50 532.50 536.50 

UInPUTED STMUGE-OUTFLW-ELEVATION DATA 

STORAGE 0.00 0.87 1.83 2.88 4.02 5.25 6.57 7.98 9.93 12.10 
WTFLOU 0.00 27.97 90.60 181.95 300.62 446.32 619.30 820.07 1082.86 1405.42 

ELEVATION 10.00 10.34 10.68 11.03 11.37 11.71 12.05 12.39 12.74 13.08 

STORAGE 14.29 16.51 18.75 21.01 23.29 25.60 27.93 30.28 32.65 35.05 
WTFLW 1769.68 2172.41 2611.51 3085.39 3592.83 4132.80 4704.46 5307.08 5940.05 6602.82 

ELEVATION 13.42 13.76 14.11 14.45 14.79 15.13 15.47 15.82 16.16 16.50 

HYDROGRAPH AT STATION RWTE 

PEAK FLW TIME WIM AVERAGE FLW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
1552. 4.25 (CFS) m. 70. 23. 22. 

(INCHES) 2.341 2.361 2.361 2.361 
(AC-FT) 137. 139. 139. 139. 

PEAK STORAGE TIME 
(AC-FT) 

13. 
(HR) 
4.25 

PEAK STAGE TIME 
(FEET) 
13.22 

(HR) 
4.25 

IW(1MUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 74.92-HR 

3. 1. 0. 0. 

MAXIM AVERAGE STAGE 
6-HR 24-HR 72-HR 74.92-HR 

10.97 10.25 10.08 10.08 

CUMULATIVE AREA = 1.10 SP HI 

SUB-BASIN cas240 --. . 
6-HWR RAINFALL, PATTERN NO. 1.53 UAS USED TO FIND TC & R FOR T H l S  BASIN 
T H l S  BASIN USED RAlNFALL REDUCTION FACTOR OF .985 
BASIN MMIFIED FRW UlCKENBERG ADMS TO REFLECT DAM LDCATlON 

SUBBASIN RUNOFF DATA 

46 BA SUBBASIN CHARACTERISTICS 
TAREA 0.14 WBBASIN AREA 

PREClPlTATlON DATA 

STORM 3.35 BASIN TOTAL PRECIPITATION 

14 PI . INCREMENTAL PRECIPlTATlON PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
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mEEN AND N P T  
STRTL 

DTH 
PSI F 

X B A T  
RTIUP 

CLARK UNlTORAPH 
TC 0.26 TlME OF eM(CENTRAT1ON 

R 0.23 STMUGE COEFFICIENT 

ACWLATED-AREA VS. TlUE 11 ORDINATES 
0.0 5.0 i6.0 30.0 65.0 

100.0 

X** 

UNIT HYDRDGRAPH PARAHETERS 
CLARK TC. 0.26 HR, Rn 0.23 HR 

SNYDER TP= 0.19 HR, CP= 0.52 

UNIT HYDROGRAPH 
16 END-OF-PERICU ORDINATES 

182. 128. 89. 62. 43. 30. El. 
5. 3. 2. 

*.x +n tt. *tt t.* 

HYDROGRAPH AT STATION CAS240 

TOTAL RAINFALL = 3.35, TOTAL LOSS = 1.03, TOTAL EXCESS = 2.32 

PEAK FLW TIME IUX1W.M AVERAGE FLOU 
(CFS) . (HR) 6-HR 24-HR 72-HR 74.92-HR 

275. 4.08 (CFS) 35. 9. 3. 3. 
(INCHES) 2.300 2.305 2.305 2.305 
(AC-FT) 17. 17. 17. 17. 

CUMULATIVE AREA = 0.14 SP Ul  

52 KO OUTPUT CONTROL VARIABLES 
I PUNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 

I 
~ S C A L  O. HYDROGRAPH PLOT SCALE 

ADD ROUTED HYDROGRAPH TO CAS240 

54 HC HYDROGRAPH CWBINATION E 
0100.M 2-2-95 2:llp Page 10 of 21 





1240 729 0. 
1245 730 0. 
1250 731 0. 
1255 732 0. 
1300 m 0. 
1305 734 0. 
1310 735 0. 
1315 736 0. 
1320 737 0. 
1325 738 0. 
1330 739 0. 
1335 740 0. 
1340 741 0. 
1345 742 0. 
1350 743 0. 
1355 744 0. 
1400 745 0. 
1405 746 0. 
1410 747 0. 
1415 748 0. 
1420 749 0. 
1425 750 0. 
1430 751 0. 
1435 752 0. 
1440 753 0. 
1445 754 0. 
1450 755 0. 
1455 756 0. 
1500 757 0. 
1505 758 0. 
1510 759 0. 
1515 760 0. 
1520 761 0. 
1525 762 0. 
1530 763 0. 
1535 766 0. 
1540 765 0. 
1545 766 0. 
1550 767 0. 
1555 768 0. 
1600 769 0. 
1605 770 0. 
1610 771 0. 
1615 772 0. 
l a 0  rn 0. 
1625 774 0. 
1630 775 0. 
1635 776 0. 
1640 m 0. 
1645 778 0. 
1650 7?9 0. 
1655 780 0. 
1mo 781 0. 
1705 782 0. 
1710 783 0. 
1715 784 0. 
1720 785 0. 
1725 786 0. 
1730 787 0. 
1735 788 0. 
1740 789 0. 
1745 790 0. 
1750 791 0. 
1755 792 0. 
1800 793 0. 
1805 794 0. 
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PEAK FLOW TIHE IUXIMLH AVERAGE FLOV 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 

1769. 4.25 (CFS) 312. 79. 26. 25. 
(INCHES) 2.336 2.355 2.355 2.355 

(AC-FT) 154. 156. 156. 156. 

CUMlLATlVE ARM = 1.24 SP M I  

. 

55 KK DAWuJT : 
****.********* 

Route Hydrograph Through ~~. 
R 

59 KO , OVTWT CONTROL VARIABLES 
61OO.WT 2-2-95 Zt l lp  Page 14 of 21 



PEAK FLOU TIME NAXlWII(Un AVErUCE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
5398. 3.50 (CFS) 891. 224. 75. R. 

(INCHES) 6.681 6.705 6.705 6.705 
(AC-FT) 442. 443. 443. 443. 

CUMULATIVE AREA = 1.24 SP H I  

R o u t e  Hydrograph  Through  Dam. 

OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

I HYDROGRAPH RCUTlNG DATA 



61 SA AREA 2.0 2.5 .L 5.8 6.8 9.1 10.2 11.0 11.3 11.6 11.9 
12.1 12.3 12.8 13.3 13.8 

63 SE ELEVATIW 2135.00 2137.00 2140.00 2144.00 2150.00 2153.00 2155.00 2156.00 2157.00 2158.00 
2159.00 2160.00 2161.00 2162.00 2163.00 

65 SP OlSClURGE 0. 0. 0. 0. 0. 0. 0. 264. 792. 1508. 
2392. 3419. 4546. 5742. 6984. 

*** 
CfflWTEO STORAGE-ELEVATIOM DATA 

STORAGE 0.00 4.53 16.62 81.41.74 89.06 117.93 139.09 150.24 161.71 173.46 
ELEVATION 2135.00 2137.00 2140.00 2144.00 2150.00 2153.00 2155.00 2156.00 2157.00 2158.00 

STWUIGE 185.44 197.66 210.20 223.26 236.82 
ELEVATlON 2159.00 2160.00 2161.00 2162.00 2163.00 

t..tt*****tWt*tt*****f~*I*tX*tt~H-IHt~rtH***t~*tt~**~*HttL.t~.t~*tt~n*********~w**t.~w*ft~~~H**t*t~~t~*t*******tt******~~. 

HYDROGRAPH AT STATION OAlCOUT 
PLAN 1, RATIO = 0.50 

ttttttt..*Nlt..****H*~*~tttt**t*HHt1***H~IttHt*~~HtH*m***1ttttt*W***W**~~~~~*~**t*ttt**t**Httt*ttt*****~~*Ht****h)*~*~ . 
OA MON H F W  ORD WTFLOU STORAGE STAGE 1 OA MOW HRMN ORD WTFLOU STMUGE STAGE * DA MON HRMN OR0 WTfLOU STORAGE STAGE * 

139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
339.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
139.1 2155.0 
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0405 338 
0410 339 
0415 340 
0420 341 
0425 342 
OW0 343 
0435 3.44 
OUO 345 
0445 346 
0450 347 
0455 348 
0500 349 
0505 350 
0510 351 
0515 352 
0520 353 
0525 354 
0530 355 
0535 356 
0540 357 
0545 358 
0550 359 
0555 360 
0600 361 
0605 362 
0610 363 
0615 364 
0620 365 
0625 366 
0630 367 
0635 368 
0640 369 
0645 370 
0650 371 
0655 372 omo 373 
0705 374 
0710 375 
0715 376 
OR0 377 
0725 378 
0730 379 
0735 380 
0740 381 
0745 382 
0750 383 
0755 384 
0800 385 
0805 36.5 
0810 387 
0815 388 
0820 389 
0825 390 
0830 391 
0835 392 
0840 393 
0845 394 
0850 3% 
0855 396 
OW0 397 
0905 398 
0910 399 
0915 400 
0920 401 
0925 402 
0930 403 

:13r 

0505 638 
0510 639 
0515 640 
0520 641 
0525 642 
0530 643 
0535 641 
0540 645 
0545 646 
0550 647 
0555 648 
0600 649 
0605 650 
0610 651 
0615 652 
0620 653 
0625 654 
0630 655 
0635 656 
0640 657 
0615 658 
0650 659 
0655 660 omo 661 
0705 662 
0710 663 
0715 664 
OR0 665 
OR5 666 
0730 667 
0735 668 
0740 669 
0745 670 
0750 671 
0755 612 
0800 673 
0805 674 
0810 675 
0815 676 
0820 677 
0825 678 
0830 679 
0835 680 
0840 681 
0845 682 
0850 683 
0855 684 
WOO 685 
OW5 €a6 
WlO 687 
0915 688 
0920 689 
m 5  690 
0930 691 
0935 692 
0940 693 
0945 694 
0950 695 
0955 696 
1000 697 
1005 698 
1010 699 
1015 no 
1020 701 
1025 mr 
1030 703 





1505 470 
1510 471 
1515 472 
1520 473 
1525 474 
1530 475 
1535 476 
1540 477 
1545 478 
1550 479 
1555 480 
1600 481 
1MI5 482 
1610 483 
1615 484 
1620 485 
1625 486 
1630 487 
1635 488 
1640 489 
1645 490 
1650 491 
1655 492 
imo 493 
1705 494 
1710 4% 
1715 496 
1720 497 
1725 498 
1730 499 
1735 500 
1740 501 
1745 502 
1750 503 
1755 504 
1800 505 
1805 506 
1810 507 
1815 508 
1820 509 
1825 510 
1830 511 
1835 512 
1840 513 
1845 514 
1850 515 
1855 516 
1900 517 
1905 518 
1910 519 
1915 520 
1920 521 
1925 522 
1930 523 
1935 524 
1940 525 
1945 526 
1950 527 
1955 528 
2000 529 
2005 530 
2010 531 
2015 532 
2020 533 
2025 534 
2030 535 

I :13r 

1605 770 
1610 771 
1615 m 
idto m 
1625 774 
1630 m 
1635 776 
1640 m 
1645 778 
1650 779 
1655 780 
1700 781 
170s 782 
1710 783 
1715 784 
ino 785 
1725 786 
1730 787 
im 788 
1740 789 
1745 794 
1750 mi 
1755 792 
1800 793 
1805 794 
1810 195 
1815 796 
1820 797 
1825 798 
1830 799 
1835 800 
1840 801 
1845 802 
1850 803 
1855 804 
1900 805 
1905 806 
1910 807 
1915 808 
1920 809 
1925 810 
1930 811 
1935 812 
1940 813 
1945 814 
1950 815 
1955 816 
2000 817 
2005 818 
2010 819 
2015 820 
2020 821 
2025 822 
2030 823 
2035 824 
2040 825 
2045 826 
2050 827 
2055 828 
2100 829 
2105 830 
2110 831 
2115 832 
2120 833 
2125 834 
2130 835 





PEAK FLOU TIME UAXIWM AVERAGE FLOV 
(CFS) (HR) 6-HR 24-HR 
3744. 

72-HR 74.92-HR 
3.83 (CFS) 618. 154. 51. 

(INCHES) 4.631 
49. 

4.632 4.632 4.632 
(AC-FT) 306. 306. 306. 306. 

PEAK STORAGE TlUE 
(AC-FT) (HR) 

201. 3.83 

PEAK STAGE TIUE 
(FEET) (HR) 

2160.29 3.83 

WIW AVERAGE STORAGE 
6-HR 24-HR 72-HR 74.92-HR 
153. 143. 140. 134. 

MAXIWM AVERAGE STAGE 
6-HR 24-HR 7 2 - H R  74.92-HR 

2156.19 2155.30 2155.02 2154.33 

CUMULATIVEAREA= 1.24SQUl 



PEAK F L W  AND STAGE (END-OF-PERIOD) S W A R Y  FOR WLTIPLE PLAN-RATIO ECONDHIC COMPUTATIONS 
FLOVS I N  CUBIC FEET PER SECWD, AREA I N  SQUARE MILES 

TIME TO PEAK I N  HWRS 

RATIOS APPLIED TO FLWS 
OPERATION STATION AREA PLAN RATIO 1 

0.50 

HYDROGRAPH AT S A C ~ ~ O  o.n 1 FLW 3258. 
T I E  3.50 

HYDROGRAPH AT SAC235 0.38 1 FLOU 1538. 
TIME 3.50 

2 CCMBINED AT M D  1.10 1 F L W  4796. 
TIME 3.50 

RWTED TO ROUTE 1.10 1 F L W  4700. 
TIME 3.50 

'* PEAK STAGES I N  FEET ** 
1 STAGE 15.47 

TIME 3.50 

0.14 1 F L W  874. 
TIME 3.33 

1.24 1 F L W  5398. 
TIME 3.50 

1.24 1 F L W  3744. 
TIME 3.83 

** PEAK STAGES I N  FEET ** 
1 STAGE 2160.29 

TIME 3.83 

HYDROGRAPH AT CAS240 

2 COn8lNED AT DAMIN 

RWTED TO DAMWT 

*** NORMAL EN0 OF HEC-1 ** 



HECl S/N: 0134301122 HMVersion: 6.33 D a t a  F i l e :  a100.hc l  

* FLOOD H Y D R O W H  PACKAGE (HEC-1) * 
MAY l W l  * VERSION 4.0.1E " * 

* RUN DATE 02/02/1995 TIME 14:11:15 * * 
***f*********.*****"**nt***H*t**Wt* 

* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * * 6 0 9  SECOND STREET * t 

DAVIS CALIFORNIA 95616 * (616) n 6 - 1 1 0 4  * 

X X XXXXXXX XXXXX X 
X X X  X X M 
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
x X XXXXXXX XXXXX XXX 

i:: ... ... ... F u l l  M i c r o c o m p l t e r  l n p l e n e n t a t i o n  ::: ... ... ... ... bv ... ... ... ... H m t e d  Methods, I n c .  ... ... ... 

37 Brookside Road * Waterbury, C o n n e c t i c u t  06708 * (203) 755-1666 

THIS PROGRAM REPLACES ALL PREVIWS VERSIONS OF HEC-1 KNWN AS HECl (JAN 73). HEClGS, HEClDB. AND HEClKU. 

THE DEFIN lT IM lS  OF VARIABLES -RTIWP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE I N W T  STRUCTURE. 
THE DEFINITION OF -AWSKK- ON RII-CARD WAS CHANGED WITH REVISIONS DATED 2 8  SEP 81. THIS I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK W T F L W  SU8MERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AHPT INFILTRATION 
KINEMATIC WAVE: NEW F INITE DIFFERENCE ALGORITHM 



HEC-1 INPUT PAGE 1 

: filename = 9100.HCl 

* 
*DIAGRAII 

ID Cessndro Wash Detent ion D m  CH2M H i l l  Apr i  l, 1994 
ID HEC-1 f o r  9100, rev ised dam l oca t ion  a l t e r n a t i v e  #3 * 

5 KK SAC230 
6 KM SUB-BASIN SAC230 
7 KM 6-HOUR RAINFALL, PATTERN NO. 1.53 UAS USED TO FINO TC C 8 FOR THIS BASIN 
8 ~Q I  THIS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
9 KM BASIN FRDH UlCKEWBERG MMS 

'lo BA .RO 

KK ADD 
131 ADD SAC230 C SAC235 r 2 

KK ROUTE' 
KM ROUTE CWBINED HYDROGRAPH TO D M  LOCATION 
RS 1 FLOU -1 
RC .045 .03 .045 4200 .0175 
RX 463.5 467.5 477.5 487.5 512.5 522.5 532.5 536.5 
i Y  16.5 12.5 12.5 10.0 10.0 12.5 12.5 16.5 



HEC-1 INPUT PAGE 2 

LINE I D  ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ..,.... 8 ....... 9 ...... 1 0  

KK CA3240 
KM SUB-BASIN cas240 
KM 6-HOUR RAINFALL, PATTERN NO. 1.53 UAS USED TO FIND TC & R FOR THIS BASIN 
KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF ,985 
KM BASIN b!QllIFlED FROM UICKENBERG MMS TO REFLECT DAM LOCATION 
BA . I40  
LG -100 .210 6.400 . I40  21.000 
UC .258 .232 
UA 0 5 16 3 0  65 77 84 9 0  9 4  9 p roo 

KK DAMIN 
KO 1 
KII ADO ROUTED HYDROGRAPH TO U S 2 4 0  
HC * 2 

KK DANOUT 
KII  Rmte Hydrograph Through Dam. 
KM 
RS 1 STOR 2 
KO * 1 



SCHEMATIC DIAGRAM OF STREAM NETWORK 
INPUT 

L INE  (V) R W T I N G  ( - - - > I  DIVERSION OR PUMP FLOU 

NO. (.) CONNECTOR (<- - - )  RETURN OF DIVERTED OR PUMPED FLOW 

32 ADD ............ 
v 
v 

I 
3 5  ROUTE 

I (***) RUNOFF ALSO CWPUTED AT TH IS  LOCATION 



HECl S/N: 0134301122 HMVersion: 6.33 D a t a  F i l e :  Q100.hcl I 

* * 
F L W  HYDROGRAPH PACKAGE (HEC-I) 

llAl l W l  * * 
VERSION 4.C.lE * 

A " 
* RUN DATE 02/02/1995 TIME 14:11:15 * 
* * * *~* t * *n*n* * r * t * * * fnnr~* * * * t *m.  

CaSandro Uash D e t e n t i o n  Dam CHZM H i l l  A p r i l ,  1994 
HEC-1 f o r  Q100, r e v i s e d  dam l o c a t i o n  a l t e r n a t i v e  #3 

W T W T  CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
Q S U L  0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TlME DATA 
NHIN 5 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 
ITIME DODO STARTING TIME 

NO 900  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 4 0 ENDING DATE 
NDTIME 0255 ENDING TIME 
ICENT 19 CENTURY M R K  

COMMITATION INTERVAL 0.08 HWRS 
TOTAL TlME BASE 74.92 HWRS 

SQUARE MILES 
INCHES 
FEET 
CUBIC FEET PER SEWN0 
ACRE-FEET 
ACRES 
DEGREES FAHRENHEIT 

....................................... * * 
" U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * 

6 0 9  SECOND STREET 
t 

* * DAVIS CALIFORNIA 95616 * 
* (416) 756-1104 + 

WB-BASIN SAC230 
6-HWR RAINFALL, PATTERN NO. 1.53 UAS USED TO FINO TC 8 R FOR THlS BASIN 
THlS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
BASIN F R M  UICKENBERG ADMS 
RAINFALL DEPTH OF 3.40 UAS SPACIALLY REDUCED AS SHOWN BY THE Pa RECORD 
THE FOLLOWING PC RECORD USED A 6-HWR STORM WITH A PATTERN No. OF 1.53 

1 1  I N  ' TIME DATA FOR INPUT TIME SERIES 
JXWlN 15  TIME INTERVAL I N  MINUTES 

JXDATE 1 0 STARTING DATE 
O 1 W . M  2-2-95 t t l lp  

5 
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JXT IME 0 STARTING TIME 

SUBBASIN RUUOFF DATA 

10 BA SUBBASIN CHARACTERISTICS 
TAREA 0.72 mBBAS1N AREA 

PRECIPITATION DATA 

14 PB STORn 3.35 BASIN TOTAL PRECIPITATION 

14 P I  INCREMENTAL PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.01 0.01 0.01 
0.03 0.03 0.06 0.06 0.06 0.11 
0.04 0.01 0.01 0.01 0.01 0.01 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 

18 LC GREEN AND AMP1 LOSS RATE 
STRTL 0.10 STARTING LOSS 

OTH 0.25 WISTURE DEFICIT 
PS lF  5.20 WETTING FRONT SUCTION 

XI(UT 0.24 HYDRAULIC CONWCTIVITY 
RTIMP 35.00 PERCENT IMPERVIWS AREA 

19 UC CLARK UNITGRAPH 
TC 0.45 TIME OF CONCENTRATION 

R 0.37 S T W E  COEFFICIENT 

20 UA ACCUMUTED-AREA VS. TIME 11 ORDINATES 
0.0 5.0 16.0 30.0 65.0 77.0 

100.0 
n* 

W I T  HYDROGRAPH PARAMETERS 
CLARK TC; 0.45 HR, R= 0.37 HR 

SNYDER TP= 0.29 HR, CP= 0.48 

-. . . . . . . - .. - - . .. .. . . 
26 END-OF-PERIW ORDINATES 

83. 383. 684. 750. 692. 597. 487. 387. 308. 246. 
195. 156. 124. 99. 79. 62. 50. 40. 32. 25. 

HYDROGRAPH AT STATION SAC230 

TOTAL RAINFALL = 3.35, TOTAL LOSS = 1.03, TOTAL EXCESS = 2.32 

PEAK F L W  TIME W I M I M  AVERAGE F L W  
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 

1078. 4.17 (CFS) 178. 45. 15. 14. 
(ItJCHES) 2.293 2.306 2.306 2.306 

(AC-FT) 88. 89. 89. 89. 



SUB-BASIN sac235 
6-HWR RAINFALL, PATTERN NO. 1.53 UAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIW USED RAINFALL REDUCTION FACTOR OF .985 
BASIN FRm UICKENBERG MMS 

SUBBASIN RUNOFF DATA 

27 BA SUBBASIN CHARACTERISTICS 
TAREA 0.34 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 3.35 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.03 
0.03 0.03 0.06 0.06 0.06 0.11 0.11 0.11 0.04 0.04 
0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 
0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 

28 LG GREEN AND AUPT LOSS RATE 
STRTL 0.10 STARTING LOSS 

DTH 0.23 MOISTURE DEFICIT 
PSlF 6.20 LETTING FRONT SUCTION 

XKSAT 0.15 HYDRAULIC CONDUCTIVITY 
RTIMP 36.00 PERCENT IMPERVIWS AREA 

CLARK UNITGRAPH 
TC 0.45 TIME OF CONCENTRATION 
R 0.46 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME 11 ORDINATES 
0.0 5.0 (6.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK T k  0.45 HR, R= 0.46 HR 

SNYDER TP= 0.31 HR, CP- 0.44 

UNIT HYDROGRAPH 
32 END-OF-PERIOD ORDINATES 

35. 162. 298. 339. 324. 290. 248. 207. 172. 144. 
120. 100. 84. 70. 58. 48. 40. 34. 28. 23. 
20. 16. 14. 11. 9. 8. 7. 6. 5. 4. 
3. 3. 

.*. * ** t.* 

HYDROGRAPH AT STATION SAC235 

TOTAL.RAINFALL = 3.35, TOTAL LOSS = 0.87, TOTAL EXCESS = 2.48 

PEAK FLOW TIME WlWM Ab'RAGE FLW 3 
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(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR I 
532. 4.25 (CFS) 100. 25. 8. 8. 

(INCHES) 2.450 2.467 2.467 2.467 
(AC-FT) 50. 50. 50. 50. 

W L A T I V E  AREA = 0.38 SP M I  

I .*t *** .** *** t.. *** t** **t *.* *.* *** **. *** *** *** *.* .** .** *.* *.* *** ..* *** X** *** *** *** *** .** *.* t t X  *** *** 

************** 
* t 

3 2  KK ; ADD 

************** 
ADO SAC230 & SAC235 

3 4  HC HYDROGRAPH COMBINATION 
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

*** *** *** ** * 

HYDROGRAPH AT STATION ADD 

PEAK FLOU TIME M X I M  AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 

1608. 4.17 (CFS) 278. 70. 23. 22. 
(INCHES) 2.347 2.361 2.361 2.361 

(AC-FT) 138. 139. 139. 139. 

C W L A T I V E  AREA = 1.10 SP M I  

***.rm*t***. 
a 

3 5  KK RWTE : 
*.*********.* 

RWTE COMBINED HYDROGRAPH TO D M  LOCATION 

I HYDROGRAPH ROUTING DATA 

3 7  RS STORAGE RWTING . 
WSTPS 1 NUMBER OF SUBREACHES 

ITYP FLOW TYPE OF I N I T I A L  CONDITION 
RSVRIC -1.00 I N I T I A L  CONDITION 

X 0.00 UORKING R AND D COEFFICIENT 

NORMAL DEPTH CHANNEL 
AWL 0.045 LEFT OVERBANK N-VALUE 

ANCH 0.030 W I N  CIUNNEL N-VALUE 
ANR 0.045 RIGHT OVERBANK N-VALUE 

RLNTH 4200. REACH LENGTH 
PEL 0.0175 ENERGY SLOPE 

E L M  0.0 MX. ELEV. FOR STORAGE/WTFLOU CALCULATION 



CROSS-SECTION DATA --- LEFT OVERBANK --- + ------  M I N  CHANNEL -------  + - - -  RIGHT OVERBANK - - -  
40 RY ELEVATION 16.50 12.50 12.50 10.00 10.00 12.50 12.50 16.50 
39 RX DISTANCE 463.50 467.50 477.50 487.50 512.50 522.50 532.50 536.50 

**. 
CIMWTED STORAGE-WTFLW-ELEVATION DATA 

STORAGE 0.00 0.87 1.83 2.88 4.02 5.25 6.57 7.98 9.93 12.10 
WTFLOY 0.00 27.97 90.60 181.95 300.62 446.32 619.30 820.07 1082.86 1405.42 

ELEVATION 10.00 10.34 10.68 11.03 11.37 11.71 12.05 12.39 12.74 13.08 

STORAGE 14.29 16.51 18.75 21.01 23.29 25.60 27.93 30.28 32.65 35.05 
WTFLOU 1769.68 2172.41 2611.51 3085.39 3592.83 4132.80 4704.46 5307.08 5940.05 6602.82 

ELEVATION 13.42 13.76 14.11 14.45 14.79 15.13 15.47 15.82 16.16 16.50 

tt* e n  *t. t** *t* 

HYDROGRAPH AT STATION ROUTE 

PEAK FLOW TIME MAXIMU74 AVERAGE FLW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
1552. 4.25 (CFS) 277. 70. 23. 22. 

(INCHES) 2.341 2.361 2.361 2.361 
(AC-FT) 137. 139. 139. 139. 

PEAK STORAGE TIME 
(AC-FT) (HR) 

13. 4.25 

MIIXIW AVERAGE STORAGE 
6- HR 24-HR 72-HR 74.92-HR 

3. 1. 0. 0. 

WWIUUM AVERAGE STAGE 
6-HR 24-HR 72-HR 74.92-HR 

10.97 10.25 10.08 10.08 

CWLATIVE AREA = 1.10 SO M I  

SUB-BASIN cas240 
6-HOUR UAIMFALL, PATTERN NO. 1.53 MAS USED TO FIND TC 8 R FOR THlS BASIN 
THlS BASIN USE0 RAINFALL REDUCTION FACTOR OF .985 
BASIN MWIFIED FROM UICKENBERG ADMS TO REFLECT DAM LOCATION 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA 0.14 SUBBASIN AREA 

PRECIPITATIDN DATA 

STORM 3.35 BASIN TOTAL PRECIPITATION 

14 P I  INCREMENTAL PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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t*. 

CLARK UNITGRAPH 
TC 0.26 T I E  OF CMICENTRATIMI 

R 0.21 STORAGE COEFFICIENT 

ACCWLATED-AREA VS. TIME 11 ORDINATES 
0.0 5.0 i6.0 30.0 65.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC* 0.26 HR, R= 0.23 HR 

SNYDER TP= 0.19 HR, CP= 0.52 

UNIT HYOROWlAPH 
16 END-OF-PERIM) ORDINATES 

18:. 128. 89. 62. 43. 30. 21. 
3. 2. 

HYDROGRAPH AT STATION U S 2 4 0  

TOTAL RAINFALL = 3.35, TOTAL LOSS = 1.03, TOTAL EXCESS 2.32 

PEAK FLGU TIME MAXIMUM AVERAGE F L W  
(CFS) (HR) 6-HR 24-HR R - H R  74.92-HR 

275. 4.08 (CFS) 35. 9. 3. 3. 
(INCHES) 2.300 2.305 2.305 2.305 

(AC-FT) 17. 17. 17. 17. 

CUMULATIVE AREA 0.14 SP MI  

5 2  KO WTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CMlTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

ADD RWTED HYDROliRAPH TO U S 2 4 0  

5 4  HC HYDROGRAPH CDYlBlNATlON 
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I COHP 2 WUWBER OF HYOROGRAPHS TO COWBINE 

t** 

* * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * ~ * * * * * * * * * * ~ W * * * ~ ~ ~ ~ I ~ R ~ * * ~ X ~ ~ ~ ~ ~ ~ ~ H ~ ~ ~ ~ * * ~ ~ X ~ ~ ~ C , ~ ~ ~ ~ ~ I M * ~ ~ ~ ~ ~ ~ ~ ~ ~ * ~ ~ ~ . ~ ~ * ~ * ~ . ~ , ~ ~ ~  

HYDROGRAPH AT STATION OMIN 
SUH OF 2 HYOROGRAPHS 

* * ********** t . *X**X*4********m*************~***~rr~****~~~~~*~~~**~~~~t .~~~, , ,~~~*,~.~m~~w**~~~~~~~*~H*~~~~~~rr ,* , -  * * 
OA W A  H M  ORD FLOW " DA HON HRHN ORD FLOW OA MON HRNN aRD * FLOW * DA MON HRNN OR0 * FL w 
1 OQOO 1 
1 0005 2 

0. * 1 1845 226 
0. * 1 1850 227 

0. * 2 1330 451 
0. 2 1335 452 

0- " 3 0815 676 0. 
1 0010 3 1- 1 1855 228 0. * 2 1340 453 

0. * 3 0820 677 
0. * 3 0825 678 

0. 
1 0015 4 2. * 1 1900 229 0. * 2 1345 454 0. 
1 0020 5 4. * 1 1905 230 0. * 2 1350 455 

0. * 3 0830 679 
0. * 3 0835 680 

0. 
0025 6 6. 1 1910 231 0. " 2 1355 456 0. 
0030 7 8. * 1 1915 232 0. * 3 0840 681 0. 0. * 2 1400 457 

1 0035 8 10. * 1 1920 233 0. * 2 1405 458 0. * 3 0845 682 0. 
1 0040 9 12. * 1 1925 234 0. * 2 1410 459 

0. * 3 01150 683 
0. * 3 0855 684 

0. 
1 0045 10 14. * 1 1930 235 0. * 2 1415 460 0. 
1 0050 11 16. * 1 1935 236 0. * 2 1420 461 0. * 3 OW0 685 4. 
1 0055 12 18. * 1 1940 237 0. * 3 OW5 686 0. 0. * 2 1425 462 1 0100 13 20. * 1 1945 238 0. " 3 0910 687 0. 0. * 2 1430 463 1 0105 14 21. * 1 1950 239 0. 3 0915 688 0. 0. * 2 1435 464 1 0110 15 23. * 1 1955 240 0. * 3 0920 689 0. 0. 2 1440 4 5  
1 0115 16 24. * 1 2000 241 0. * 2 l a 5  466 0. 0. * 3 0925 690 
1 0120 17 25. 1 2005 242 0. * 3 0930 691 0. 0. * 2 1450 467 
1 0125 18 26. * 1 2010 243 0. * 2 1455 468 0. * 3 0935 692 0. 
1 0130 19 26. * 1 2015 244 0. * 2 1500 469 

0. " 3 0940 693 0. 
1 0135 20 27. ' 1 2020 245 0. 2 1505 470 0. * 3 0945 694 0. 
1 0140 21 28. * 1 2025 246 0. 2 1510 471 

0. * 3 0950 695 
0. * 3 0955 696 

0. 
1 0145 22 28. * 1 2030 247 0. * 2 1515 472 0. 
1 0150 23 29. * 1 2035 248 0. " 3 1000 697 0. 0. * 2 1520 473 
1 0155 24 29. * 1 2040 249 0. * 3 1005 698 0. 0. ' 2 1525 474 
1 O H M 2 5  29. * 1 2045 250 0. * 2 1530 475 

0. * 3 1010 699 
0. * 3 1015 no 0. 

1 0205 26 29. 1 2[KO 251 0. * 2 1535 476 0. 
1 0210 27 29. * 1 2055 252 0. * 2 1540 477 

0. 3 1020 701 
0. * 3 1025 702 

0. 
1 0215 28 29. 1 2100 253 0. 2 1545 478 0. 
1 0220 29 29. * 1 2105 254 0. * 3 1030 7m 0. 0. * 2 1550 479 
1 M25 30 30. * 1 2110 255 0. * 2 1555 480 0. * 3 1035 704 0. 
1 0230 31 30. 1 2115 256 0. * 3 1040 705 0. 0. * 2 1600 481 
1 0235 32 31. * 1 2120 257 0. * 2 1605 482 0. 3 1045 706 0. 
1 0240 33 33. * 1 2125 258 0. " 3 1MO 707 0. 0. * 2 1610 463 
1 0245 34 34. * 1 2130 259 0. 2 1615 48C 

0. * 3 1055 708 0. 
1 0250 35 36. ' 1 2135 260 0. * 3 1100 709 0. 0. " 2 1620 L85 
1 0255 36 38. * 1 2140 261 0. 2 1625 486 0. * 3 1105 710 0. 
1 0300 37 41. * 1 2145 262 0. 2 1630 487 0. * 3 1110 711 0. 
1 0305 38 44. * 1 2150 263 0. ' 3 1115 712 0. 0. * 2 1635 488 
1 0310 39 49. 1 2155 264 0. * 2 1640 489 0. * 3 1120 713 0. 
1 0315 40 54. " 1 2200 265 0. * 2 1645 490 0. * 3 1125 714 0. 
1 0320 41 65. * " 1 2205 266 0. * 3 1130 715 0. 0. * 2 1650 491 
1 0325 42 86. * 1 2210 267 0. 2 1655 492 0. * 3 1135 716 0. 
1 0330 43 1 1 2215 268 0. * 2 1700493 0. * 3 1140 717 0. 
1 0335 44 174. ' 1 2220 269 0. * 2 1705 494 

0. " 3 1145 718 0. 
1 0340 b5 t65. * 1 a 2 5  270 0. * 2 1710 4% 0. * 3 1150 719 0. 
1 0345 4 402. * 1 2230 271 0. * 3 1155 720 

0. * 2 1715 496 0. 
1 0350 47 590. * 1 2235 272 0. 2 1720 497 

0. * 3 1200 721 0. 
1 0355 48 845. * 1 2240 273 0. 3 1205 722 0. 2 1725 498 0. 
1 0400 49 1157. ' 1 2245 274 0. 2 1i30 499 

0. * 3 1210 m 0. 
1 6405 50 1463. * 1 2250 275 0. 2 1735 500 0. 3 1215 724 0. 
1 0410 51 1685. ' 1 2255 276 0. 2 1740 501 0. 3 1220 725 0. 
1 0415 52 1769. * 1 2300 tn 0. 2 1745 502 

0. * 3 1225 726 0. 
1 0420 53 1723. * 1 2305278 0. 3 1230 727 

0. 2 1750 503 0. 
0. * 3 1235 728 0. 
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1594. : 1 
1425. 1 
1241. 1 
1066. 1 
907. * 1 
762. * 1 
637. * 1 
536. * 1 
4 4 9 . '  1 
378. 1 
317. * 2 
269. * 2 
229. * 2 
im. 2 
169. 2 
148. 2 
129. " 2 
112. 2 
98. * 2 
88. " 2 
79. 2 
70. * 2 
62. * 2 
53. * 2 
45. * 2 
37. * 2 
31. 2 
26. 2 . 2 
20. * 2 
18. * 2 
15. * Z 
13. * 2 
11. * 2 
10. ' 2 
8. 2 
7. ' 2 
6. * 2 
5. 2 
4. * 2 
3. * 2 
3. * 2 
2. * 2 
2. * 2 
2. * 2 
1. 2 
1. 2 
1. 2 
1. ' 2 
1 * 2 
0. * 2 
0. " 2 
0. * . 2  
0. 2 
0. 2 
0. * 2 
0. * 2 
0. * 2 
0. * 2 
0. * 2 
0. * 2 
0. * 2 
0. 2 
0. * 2 
0. * 2 
0. " 2 
01oo.OLn 2 

3 1240 729 0. 
3 1245 730 0. 
3 1250731 0. 
3 1255 732 0. 
3 1300 733 0. 
3 1305734 0. 
3 1510 735 0. 
3 1315 736 0. 
3 1320 737 0. 
3 1325 738 0. 
3 1330 739 0. 
3 1335 740 0. 
3 1340 741 0. 
3 1345 742 0. 
3 1350 743 0. 
3 1355 744 0. 
3 1400 745 0. 
3 1405746 0. 
3 1410747 0. 
3 1415748 0. 
3 1420 749 0. 
3 1425 750 0. 
3 1430 751 0. 
3 1435 752 0. 
3 1440 753 0. 
3 1445 754 0. 
3 1450 755 0. 
3 1455 756 0. 
3 1500 757 0. 
3 1505758 0. 
3 1510 759 0. 
3 1515 760 0. 
3 1520 761 0. 
3 1525 762 0. 
3 1530 763 0. 
3 1535 764 0. 
3 1540 765 0. 
3 1545 766 0. 
3 1550 767 0. 
3 1555 768 0. 
3 1600 769 0. 
3 1605770 0. 
3 1610 771 0. 
3 1615 m 0. 
3 1 6 ~ m  0. 
3 1625 774 0. 
3 1630 775 0. 
3 1635776 0. 
3 1640 m 0. 
3 1645 778 0. 
3 1650 779 0. 
3 1655 780 0. 
3 1700' 3: 0. 
3 1705 0. 
3 1710783 0. 
3 1715786 0. 
3 1720 785 0. 
3 1725786 0. 
3 1730 787 0. 
3 1735788 0. 
3 1740 789 0. 
3 1745 790 0. 
3 1750 791 0. 
3 1755 792 0. 
3 1800 793 0. 
3 1805 794 0. 
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PEAK FLU4 , TIME M A X I M  AERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
1769. 4.25 CCFS) 312. 79. 26. 25. 

(INCHES) 2.336 2.355 2.355 2.555 . (AC-FT) 154. 156. 156. 156. 

CUMULATIVE AREA . 1.24 S'4 W I  

nnnXt*lit****t " * 
55 KK DWWT * 

N * n H * X * * * t t t  

Route Hydrograph Through Dm. 

59 KO OUTPUT COI~TRM. VARIABLES 
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IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

/ 

I HYDROGRAPH RWTlNG DATA 

58 RS STORAGE RWTI NG 
NSTPS 1 MnBER OF SUBREACHES 

lTYP STMI TYPE OF INITIAL M N O l T l O N  
RSVRIC 2.00 INITIAL M)WDITION 

X 0.00 W K I N G  R AND D COEFFICIENT 

AREA 2.0 2.5 5.8 6.8 9.1 10.2 11.0 11.3 11.6 11.9 
12.1 12.3 12.8 13.3 13.8 

62 SE ELEVATION 2135.00 2137.00 2140.00 2144.00 2150.00 2153.00 2155.00 2156.00 2157.00 2158.00 
2159.00 2160.00 2161.00 2162.00 2163.00 

DISCHARGE 0. 10. 14. 19. 23. 29. 31. 295. 823. 1539. . 2423. 3450. 4577. 5773. 7015. 

CCUWTEU STORAGE-ELEVATION DATA 

STORAGE 0.00 4.53 16.62 41.74 89.06 117.93 139.09 150.24 161.71 173.46 
ELEVATION 2135.00 2137.00 2140.00 2144.00 2150.00 2153.00 2155.00 2156.00 2157.00 2158.00 

STORAGE 185.44 197.64 210.20 223.26 236.82 
ELEVATION 2159.00 2160.00 2161 .OO 2162.00 2163.00 

**HI***.*rmCt.."**m****Hm**mn****".*."****.t*m******.C1*************.*******n*********..*"*t******.*f*k)H**-.**** 

HYDROGRAPH AT STATION D W T  
-*tt.**t**.tm***HHI*.**H*H*-t*n*H*t**HH**mtt*t**tltt*tt-****H******tnt****W***t1*~*****ttt****t~~I**HW*** . * 
DA MON HRHN MID WTFLOU STORACE STAGE : DA PION IIRHN Oao WTFLCU STORAGE STAGE : DA W O N  HWN MID WTFLOU STORAGE STAGE 



0215 28 
0220 29 
0225 30 
0230 31 
0235 32 
0 x 0  33 
0245 34 
0250 35 
0255 36 
0300 37 
OM5 38 
0310 39 
0315 40 
0320 41 
0325 42 
0330 43 
0335 44 
0340 45 
0345 46 
0350 47 
03% 48 
0400 49 
0405 50 
0410 51 
0415 52 
ob20 53 
0 1 2 5 %  
0430 55 
0435 56 
0440 57 
W 5  58 
0450 59 
0455 60 
0500 61 
0505 62 
0510 63 
0515 64 
0520 65 
0525 66 
0530 67 

::2?l 2 
0545 70 
0550 71 
0555 72 
0600 73 
0605 74 
0610 75 
0615 76 
0620 77 
0625 78 
0630 79 
0635 80 
0640 81 
0645 82 
0650 83 
0655 114 
omo 85 
0705 86 
071P 87 
0715 88 
0720 89 
0725 90 
0730 91 
0735 92 
0740 93 

2 0315 328 
2 0320 329 
2 0325 330 
2 0330 331 
2 0335 332 
2 0340 333 
2 0345 334 
2 0350 335 
2 0355 336 
2 0400 337 
2 0405 338 
2 0410339 
2 0415 340 
2 0420 341 
2 0425 342 
2 0430343 
2 0435 344 
2 0440 345 
2 OU5 346 
Z 0450 347 
2 0455 348 
2 0500 349 
2 0505 350 
2 0510 351 
2 0515 352 
2 0520 353 
2 0525 354 
2 0530 355 
2 0535 356 
2 0540 357 
2 0545 358 
2 0550 359 
2 0555 360 
2 0600 361 
2 0605 362 
2 0610 363 
2 0615 364 
2 0620 365 
2 0625 366 
2 0630 367 
2 0635 M8 
2 0640 369 
2 0645 370 
2 0650 371 
2 0655 372 
2 omo 373 
2 0705 374 
2 0710 375 
2 0715 376 
2 0720 377 
2 0725 378 
2 0730 379 

9735 384 : 0740 381 
2 0745 382 
2 0750 383 
2 0755 384 
2 0800385 
2 OW5 386 
2 0810 387 
2 0815 388 
2 0820 389 
2 0025 390 
2 0830 391 
2 0835 392 
2 0840 393 
2 ; l l p  

0415 628 
0420 629 
0425 630 
0430 631 
0435 632 
0440 633 
0445 634 
0450 635 
0455 636 
0500 637 
0505 638 
0510 639 
0515 640 
0520 641 
0525 642 
0530 643 
0535 644 
0540 645 
0545 642, 
0550 647 
0555 648 
0600 649 
0605 650 
0610 651 
0615 652 
0620 653 
0625 654 
0630 655 
0635 656 
0640 657 
0645 658 
0650 659 
0655 660 
0700 661 
0705 662 
0710 663 
0715 6b4 
ono 665 
0725 666 
0730 667 
0735 668 
0740 669 
0745 670 
0759 671 
0755 672 
0800 673 
0805 674 
0810 675 
0815 676 
0820 6 R  
0825 678 
0830 679 
0835 680 
0840 681 
0845 682 
0850 683 
0855 684 
0900 685 
0905 686 
0910 687 
0915 688 
0920 689 
0925 690 
omo 691 
0935 692 
W40 693 

6 . 7  2144.9 
48.6 2144.9 
48.5 2144.9 
48.3 2144.8 
48.2 2144.8 
48.1 2144.8 
47.9 Z144.8 
47.8 2144.8 
47.7 2144.8 
47.5 2144.7 
47.4 2144.7 
47.3 2144.7 
47.1 2144.7 
47.0 2144.7 
46.8 2144.6 
46.7 2144.6 
46.6 2144.6 
46.4 2144.6 
46.3 2144.6 
46.2 2144.6 
46.0 2144.5 
45.9 2144.5 
45.8 2144.5 
45.6 2144.5 
45.5 2144.5 
45.4 2144.5 
45.2 2144.4 
45.1 2144.4 
45.0 2144.4 
44.8 2144.4 
44.7 2144.4 
44.6 2144.4 
44.4 2144.3 
44.3 2144.3 
44.2 2144.3 
44.0 2144.3 
43.9 2144.3 
43.8 2144.3 
43.6 2144.2 
43.5 2144.2 
43.4 2144.2 
43.2 2144.2 
43.1 2144.2 
43.0 2144.2 
42.8 2144.1 
42.7 2144.1 
42.6 2144.1 
42.5 2144.1 
42.3 2144.1 
42.2 2144.1 
42.1 2144.0 
41.9 2144.0 
41.8 2144.0 
41.7 2144.0 
41.5 2144.0 
41.4 2143.9 
41.3 2143.9 
41.1 2143.9 
41.0 2143.9 
40.9 2143.9 
40.7 2143.8 
40.6 2143.8 
40.5 2143.8 
40.4 2143.8 
40.2 2143.8 
40.1 2143.7 
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0745 94 
0750 95 
0755 96 
0800 97 
0805 98 
0810 99 
0815 100 
0820 101 
0825 102 
0830 103 
0835 104 
0840 105 
0845 106 
0850 107 
0855 108 
WOO 109 
0905 110 
0910 111 
0915 112 
0920 113 
W25 114 
0930 115 
0935 116 
0940 117 
0945 118 
0950 119 
0955 120 
1000 121 
1005 122 
1010 123 
1015 124 
1020 125 
1025 126 
1030 127 
1035 128 
1040 129 
1045 130 
1050 131 
1055 132 
1100 133 
1105 134 
1110 135 
1115 136 
1120 137 
1125 138 
1130 139 
1135 140 
1140 141 
1145 142 
1150 143 
1155 144 
1200 145 
1205 146 
7210 147 
1215 148 
1220 149 
1225 150 
1230 151 
1235 152 
1240 153 
1245 154 
1250 155 
1255 156 
1300 157 
1305 158 
1310 159 



1415 460 
1420 461 
1425 462 
1430 463 
1435 464 
1440 465 
1445 466 
1450 467 
1455 468 
1500 469 
1505 470 
1510 471 
1515 472 
1520 473 
1525 474 
1530 475 
1535 476 
1540 477 
1545 478 
1550 479 
1555 480 
1600 481 
1605 402 
1610 483 
1615 U14 
1620 485 
1625 486 
1630 487 
1635 488 
1640 489 
1645 490 
1650 491 
1655 492 
imo 493 
1705 494 
1710 495 
1715 496 
1720 497 
1725 498 
1730 499 
1735 500 
1740 501 
1745 502 
1750 503 
1755 504 
1800 505 
1805 506 
1810 507 
1815 508 
1820 509 
1825 510 
1830 511 
1835 512 
1840 513 
1845 514 
1850 515 
1855 516 
1900 517 
1905 518 
1910 519 
1915 520 
1920 521 
1925 522 
1930 523 
1935 524 
1940 525 





2 0015 292 25. 99.6 2151.1 * 3 0115 592 20. 53.7 2145.5 * 4 0215 892 14. 18.0 2140.2 
2 0020 293 25. 99.4 2151.1 * 3 0120 593 20. 53.5 2145.5 * 4 0220 893 14. 17.9 2140.2 

2 WZ5 2% 25. 99.3 2151.1 * 3 0125 594 20. 53.4 2145.5* 4, 0225894 14. 17.8 2140.2 
2 0030 295 25. 99.1 2151.0 * 3 0130 595 20. 53.3 2145.5 * 4 0230 895 14. 17.7 2140.2 
2 0035 296 25. 98.9 2151.0 * 3 0135 596 20. 53.1 2145.4 * 4 0235 8% 14. 17.6 2140.2 

2 0040 297 25. 98.8 2151.0 * 3 0140 597 20. 53.0 2145.4 * 4 0240 897 14. 17.5 2140.1 

2 0045 298 25. Pg.6 2141.0 * 3 0145 598 20. 52.9 2145.4 * 4 0245 898 14. 17.4 2140.1 

2 0050 299 25. 98.4 2151.0 * 3 0150 559 20. 52.7 2145.4 * 4 0250 899 14. 17.3 2140.1 
2 0055 300 25. 98.2 2151.0 : 3 0155 600 20. 52.6 2145.4 : 4 0255 900 14. 17.2 2140.1 
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PEAK FLOU TIUE MAXIMUM AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 

118. 5.83 (CFS) 47. 32. 23. 23. 
(INCHES) 0.350 0.957 2.101 2.125 
(AC-FT) 23. 63. 139. 141. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
(AC-FT) (HR) 6-HR 24-HR 72-HR 74.92-HR 

1W. 5.83 137. 117. 72. 70. 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
(FEET) (HR) 6-HR 24-HR 72-HR 74.92-HR 

2153.33 5.83 2154.78 2152.80 2147.52 2147.09 

CUMULATIVE AREA = 1.24 SP M I  



OPERATlON STATION 

HYDROGRAPH AT SAC230 

HYDROGRAPH AT SAC235 

2 COMBINED AT ADD 

RWTED TO ROUTE 

HYDROGRAPH AT CAS240 

2 CDHBINED AT DAMIN 

RWTED TO OMOUT 

*** NMIMAL END OF HEC-1 '** 

PEAK 
FLOW 

RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE MILES ,' 

TlHE OF 
PEAK 

AVERAGE FLOU FOR MAXIHUH PERIOD 
6-HWR 24-HWR R-HOUR 

BASIN MAXIMUM 
AREA STAGE 

TIHE OF 
W STAGE 



Attachment B 

Construction Quality Assurance Plan 



Construction Quality Assurance Plan 
Casandro Wash Dam 

Introduction 

This Construction Quality Assurance (CQA) Plan describes the procedures for the 
inspection of $e soil and concrete components of the Casandro Wash Dam project. 
Preparation of this plan has been under the direction of a registered civil engineer. The 
CQA plan outlines the specific field and laboratory testing and monitoring procedures 
required to demonstrate that this project is constructed in accordance with approved plans 
and specifications. 

Purpose and Scope 

The CQA plan has been developed to detail: (1) qualifications, responsibilities, and 
organization of the inspection personnel, (2) construction inspection activities, (3) field 
and laboratory test with discussions on design and construction considerations, sampling 
frequency and procedures, sampling locations, pasdfail criteria and action on failing test, 
(4) project meetings including preconstruction, progress, and deficiency, and (5) daily, 
monthly, acceptance, and final documentation. The CQA plan will also assist in 
identifying and defining problems that may occur during construction and providing 
procedures for correcting these problems before construction is complete. At completion 
of the work, a consmction final certification will be prepared to document that the 
materials and construction processes complied with the approved design. 

Personnel Qualifications and Responsibilities 

The CQA plan will be implemented by inspection personnel who will be onsite during 
construction activities. The Resident Engineer will lead the CQA activities. He will be 
onsite as required to monitor that procedkes and testing is being performed in 
accordance with this plan. Personnel qualifications and responsibilities are described 
below. 

Resident En- 

The resident engineer will have formal academic training in engineering, engineering 
geology, or a closely related discipline and will be a registered civil engineer in the State 
of Arizona. The resident engineer should have practical technical and managerial 
experience to properly implement the CQA plan. The resident engineer must be able to 
communicate effectively with the inspection personnel, design engineers, and the 
contractor to facilitate a clear understanding of the construction activities and the CQA 
plan. The resident inspector should have direct knowledge of the design philosophies of 
the project. 



The resident engineer will be responsible for monitoring the implementation of the plan 
and for inspection, construction observations, sampling, and testing. He will coordinate 
these activities with the District's onsite construction manager. 

The resident engineer's major duties and responsibilities will be to: 

Be knoweledgable concerning all design plans and specifications. 

'Educate CQA inspection personnel on CQA requirements and procedureq 
pertaining to the construction of the dam. 

Prepare a schedule of CQA inspection activities and coordinate necessary 
CQA personnel to conduct inspections. 

Review and interpret data and reports prepared by CQA inspection 
personnel. 

Identify and recommend work that should either be accepted or rejected 
based on observations and/or test results. (The resident engineer may 
require special testing, inspection, or approval in areas of questionable 
quality or deviation from the approved design.) 

CH2M HJLL's resident engineer will be David Allard, P.E. 

CQA Inspection Personnel 

CQA inspection personnel will have formal training and practical experience in 
inspect& and testing work relative to the construction of embankment dam and concrete 
structures including construction and recording inspection activities, preparing daily 
reports and performing field testing. 

The CQA personnel will perform various tests and observations during construction such 
as: 

Monitoring that all testing equipment is properly calibrated on a regular 
basis and that the calibration is documented. 

Accurately recording all test data and organizing it in a manner that allows 
easy reference. 

Reporting observations and test results as the work progresses. 

The supporting CQA inspection personnel will work under the supervision and guidance 
of the resident engineer. Inspection personnel will perform onsite construction 
inspections and determine ifthe work meets the approved plans and specifications. Field 
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tests and visual inspections will be used to evaluate construction practices. If CQA 
personnel observe poor construction practices, the resident engineer will be notified 
immediately. CQA inspection personnel will be responsible for verifying that all testing 
is conducted in accordance with American Society for Testing Materials (ASTM) 
standards or other specified test methods and that the proper test equipment is used. The 
results of all inspections, including work that is unacceptable, will be reported to the 
resident engineer. 

The CQA inspection personnel will include: 

Bob Bleazard/CH2M HILL 
Districi Construction Inspection Personnel 
District's Material Testing Subconaactor 
Collins-Pina - Surveying 

Meetings 

Meetings will be held throughout construction to enhance communication among the 
District, CQA inspection personnel, and the contractor. These meetings will aid the 
organizations involved in construction activities to become familiar with facility design, 
construction procedures, and recent design changes, if any. 

Meetings to be conducted during construction activities will be: 

Preconstruction meeting 
Progress meetings 
Problem or work deficiency meetings (as needed) 

P-nstmtion Meeting 

A preconstruction meeting will be held before construction activities begin. This 
meeting will be attended by the District's construction manager, the resident engineer, 
CQA inspection personnel, and the contractor. Representatives from the Department of 
Water Resources (ADWR) will also be invited. The purpose of the meeting will be to 
resolve uncertainties regarding facility design, the CQA plan, and construction 
procedures. The District's construction manager will record and distribute minutes of the 
meetings. This meeting will cover the following: 

Each party will be supplied with all relevant CQA documents and 
supporting information. 

The CQA plan will be explained with respect to design criteria, plans, anu 
specifications. 



Any changes to the CQA plan that are needed to meet or exceed the 
specified design will be identified. 

Each party's responsibilities will be reviewed and discussed, with 
communication lines identified. 

Protocol for field observations and field tests will be explained. 

'Protocol for all organizations for handling construction deficiencies, repair 
work, and retesting will be explained. 

Protocol for document reporting, handling, distribution, and storage during 
construction will be explained. 

Procedures to protect construction materials from adverse effects of 
weather during storage will be explained. 

Progress meetings will be attended by the contractor and CQA inspection personnel, and 
will be held to review activities or progress, discuss present and future work, and discuss 
any current or potential construction problems. The District's construction manager and 
the resident engineer will attend progress meetings as required. The progress meetings 
should be held informally on a daily basis with a formal meeting every week. Either the 
District's construction manager or CQA inspection personnel will record minutes of the 
meetings. 

Weekly progress meeting will discuss such items as: 

Construction schedule status 
Critical submittals 
Material and equipment procurement 
Coordination issues 
Changeorders 
Inspection and testing 

Problem or Work De$denq M d g s  

When a problem or deficiency is occurring or likely to occur, special meetings will be 
held to deal with it instead of waiting for the weekly progress meeting. These meetings 
will be attended by CQA personnel and the construction contractor. If necessary, the 
owner may also attend. The purpose of these meetings is to identify a problem or 
deficiency in the construction work, review alternative solutions, and select and imple- 
ment a plan to resolve the problem or deficiency. The construction manager, resident 
engineer or CQA inspection personnel will record and distribute minutes of the meeting. 



Inspection Activities 

Inspection activities will be performed by the CQA team throughout the project. These 
activities are divided into several key areas. Prior to the start of construction, the resident 
engineer will conduct a preconstruction training and information session with the CQA 
personnel to familiarize them with the design, inspection policies, and procedures. 

Materials Testing 

The Disirict will subcontract with a materials testing firm to provide full-time material 
testing and inspection services for the Casandro Wash project. The number of field 
testing staff required will be adjusted as necessary to satisfy project requirements, 
however, normally one or two full-time technicians will be required. The frequency of 
material testing services to be performed is discussed in subsequent sections. The 
resident engineer will be responsible for the general direction, methods, and review of 
QA testing activities. 

Survey Control 

The surveying subcontractor for quality assurance (QA) verification of project survey 
control will be Collins-Pina Consulting Engineers of Phoenix, Arizona. Collins-Pina 
served as the project surveyor during design phases of the project and vesied the base 
mapping for the project. During the construction period Collins-Pina will be responsible 
for performing the following survey activities: 

Verify the contractor's control points used for project layout. 

Performing spot checks of foundation subgrade elevation, embankment 
alignment and elevation, and structure locations and elevations. 

Perform spot check verification of cross-section surveys for measurement 
and payment. 

QA services provided by Collins-Pina will be performed on an as-needed basis. It is 
generally anticipated that they will provide QA services several times a month, or more 
often during key periods of project construction such as initial control line survey layouts 
or final embankment foundation cons!ruction. Collin-Pina's surveying will be performed 
to the same standards and record-keeping requirements as required for the contractor's 
surveying work. 



Key Inspection Items 

The most critical times for inspection is during the initial stages of a given work activity 
and prior to initiating the next phase of construction work. Inspections at these critical 
time periods allow calibration of proper construction methods, v d ~ c a t i o n  of fmished 
project characteristics and requirements, and provides resolution of errors and problems 
at an early stage prior to the problem area beiig covered over. The following paragraphs 
summarize items considered to be construction work activitieslphases that require a high 
level of inspection and observation. Many of these key inspection items will also require 
inspection by ADWR. The resident engineer will attempt to provide at least 5 days 
advance notice of critical construction activities requiring ADWR inspection. 

Embankment Foundation and Obsentation of Geologic 
Conditions 

Based on geotechnical studies completed by CH2M HILL, no geologic or geotechnical 
conditions were identified that would preclude the project or impair the operations of the 
facilities as designed. Nonetheless, geologic materials are inherently variable in 
composition, horizontal and vertical extent, and engineering characteristics. Even the 
most reasonably thorough of geotechnical investigations cannot definitively identify and 
characterize subsurface conditions. For this reason, during final excavation of the 
embankment foundation and prior to preparing the foundation for embankment N1 
placement, inspection of the foundation should include observations for the presence of 
the following conditions: 

Animal burrows or other voids. 
Soft subgrade soils and deposits of collapse susceptible soils. 
Permeable sand zones. 
Overly disturbed foundation soils. 
Other features deleterious to the function of the Casandro Wash Dam. 

If any of the aforementioned conditions are encountered during foundation inspection, 
the project resident engineer will determine appropriate corrective measures to be 
performed to remedy problem conditions. Initial foundation inspection activities will be 
coordinated with ADWR. Foundation conditions that require signiticant corrective 
measure to remedy will be brought to the attention of the District and ADWR for 
approval. 

To determine that adequate foundation conditions exist prior to embankment 
construction, the following foundation acceptance criteria will be established. 

Dam ~mbankmkrts. The resident engineer will determine the relative compaction 
of the soils from the ground surface to a depth of 6 inches. Spacing of the tests will 



be a grid with intervals of approximately 100 feet The desired foundation material is 
a slightly cemented silty sand. Samples of the material will be taken at each 
compaction test location and approximately 50 percent of the samples will be tested 
for gradation. Areas with relative compaction of at least 95 percent (ASTM D698) 
containing silty sand will be deemed acceptable provided no undesirable conditions 
are pxsent. If any areas have clean sand, the resident engineer will consider whether 
additional excavation is appropriate. The sandy areas will generally not exhibit any 
cohesion and will readily pass water. Although no permeability tests are anticipated, 
the resident engineer has the discretion to perform additional field and laboratory 
tests as deemed appropriate to establish that the foundation is suitable. 

If extensive non-cemented sandy soil is found, an evaluation will be made to 
determine if its presence will be detrimental to the embankment. Elements that will 
be considered include height of overlying embankment, settlement potential, length 
of seepage path, duration of seepage, permeability, location relative to chimney drain, 
and potential alternatives for reconfiguring the embankment The resident engineer 
and the District will perform the evaluations and make a determination on the best 
course of action. 

Reservoir Perimeter Embankments. The resident engineer will determine the 
relative compaction from the excavated surface to 6 inches below the excavated 
surface at selected points around the reservoir. Test spacing will be about every 100 
to 200 feet If the soil has at least 90 percent relative compaction it will be 
considered dense soil suitable for the perimeter embankments. Soil which is not 
dense shall be removed to a depth acceptable to the resident engineer. 

Field notes of foundation inspections and geologic observations will be entered into the 
permanent conshmction record. Field notes will include written description of 
conditions, maps and sketches, sampling and testing data, photographs or video tapes, 
corrective treatments or field design change recommendations where applicable, and 
other pertinent information and records. 

An insoection item of ADWR will be to observe the final d e ~ t h  of the cut-off trench - . 
excavation and foundation preparation prior to placement of embankment material. 
ADWR will be notified of the anticipated start dates of cut-off excavation and 
embankment foundation preparation. 

Embankment 

The required embankment material types, characteristics, engineering properties, and 
source considerations are described in the project specifications. The Contractor will be 
responsible for obtaining the specified materials from required excavations and imported 
sources, and placing the fill materials in the embankment, in accordance with the District 
and ADWR approved Contract Documents. The goal of the embankment placement 
spec5cations is to produce, for each zone, a relatively homogeneous fill with the 
appropriate and consistent strength, compressibility, and m e a b i l i t y  characteristics. 
Final acceptance of fii materials will be based on QA test results of in-place materials 
after completion of all specified placement requirements, unless otherwise specified. 
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Visual observations will be used to identify quality or consistency problems and 
determine suspect areas needing additional QA testing. Embankment inspection will be 
completed by the resident staff &d will include the following activities: 

Verify that a good bond is achieved between the prepared foundation and 
embankment during fill operations. 

Observation of fill and backfii placement procedures to verify substantial 
.confomance with the specifications. 

Determination if both performance and method compaction requirements 
are being satisfied. 

- Summarize the contractor's material sources, material utilization and 
placement locations, and construction equipment and methods. 

Periodic observation and sampling of contractor's imported fill sources, 
borrow sources, and processed fill stockpiles. 

Photographing the embankment during the various stages of construction. 

The frequency of resident engineer QA testing of embankment fill materials is 
summarized in Table 1. 

A key inspection item of ADWR will be to observe the initial fill placement used to 
evaluate the method specification for placing fill materials (Zones 1 and 2). ADWR will 
be notified in advance of the contractor's proposed date for beginning fill placement. 
ADWR is also interested in inspecting the initial construction of the chimney drain (Zone 
2) material. 

Sewer Pipeline 

During the construction of the sewer pipeline the following inspections will be 
completed: 

Conduct foundation inspection and observe geologic conditions as 
described previously for the embankment foundation. This is necessary to 
verify thatadequate structural support of the sewer pipeline is due 
to the overlying embankment loads, and confirm that there are no 
discontinuities or other geologic features that would allow seepage along 
the pipeline structure. 

Confirm that in-place foundation materials along the sewer pipeline 
alignment are protected against deterioration. 



- Inspection of piping and fittings, and review of required shop drawing 
submittals. 

Observation of installation, including trenching, laying of pipe, temporary 
pipe support, and concrete slurry encasefnent 

Observation of specified pressure tests for the completed pipeline. 

'Photographing the progress of sewer pipeline construction for 
documentation purposes. 

ADWR also requires inspection and approval of the pipeline installation. 

Primary Outlet Structure 

During the construction of the dam outlet structure the following inspections will be 
completed: 

Confinn that inplace embankment materials exposed during excavation for 
the outlet structure are protected against deterioration. 

Inspection of piping and fittings, review of required shop drawing 
submittals, and review of pipe installation procedures, including laying of 
pipe, temporary pipe support, and concrete slurry backfill. 

Observe trenching operations. 

Observation of specified leakage tests for the completed pipeline. 

Provide field quality assurance testing on concrete structures in accordance 
with the recommended methods and freauencies listed in ACI 301-89. 
Chapter 17 and in accordance with ~ a b l i  2. 

Provide field quality assurance testing of the Zone 2 backfa around the 
outlet structure in accordance with Table 1. 

Photographing the progress of primary outlet structure construction for 
documentation purposes. 

ADWR will want to inspect the construction of the primary dam outlet structure. The 
resident engineer will notify ADWR of the timeframe for the following key construction 
activities: 

Completion of f i  foundation preparation for structures. 



Initial placement, concrete slurry, and Zone 2 backfill of outlet structure. 
Significant concrete pour events. 

Emergency Spillway and Stilling Basin 

During the construction of the emergency spillway and stilling basin, the following 
observations and inspections will be completed: 

Conduct foundation inspection for the stilling basin foundation and observe 
geologic conditions as described previously for the embankment 
foundation. 

Confiim that in-place embankment materials exposed during excavation 
for the spillway structure are protected against deterioration. 

Installation or the underdrain piping system. 

Provide quality assurance testing of Zone 2 material in accordance with the 
frequency provided in Table 1. 

Provide field quality assurance testing on concrete structures in accordance 
with the recommended methods and frequencies listed in ACI 301-89, 
Chapter 17 and in accordance with Table 2. 

Photographing the progress of emergency spillway and stilling basin 
construction for documentation purposes. 

Placement of fills to create the crest of the emergency spillway should be conducted as 
described by the embankment inspection guidelines as applicable. 

ADWR will want to observe the construction of the emergency spillway. The resident 
engineer will notify ADWR of the timeframe for the following key construction 
activities: 

Installation of the underdrain system. 
Initial placement of Zone 2 fill for emergency spillway. 
Significant concrete pour events. 



Construction Records and Documentation 

Daily Activity Reports 

Daily activity reports will be recorded by CQA inspection staff. Daily reports will be 
recorded either on pre-prepared forms or hard-bound field books. The daily activity 
reports will record and document all pertinent information including dates, times, 
weather conditions, contractor's operations, observation of geologic conditions, 
construction problems and remedies, communications between individuals, QA testing, 
etc. Ail references to work being completed should record the following location 
information: 

Facility title as described on the drawings (for example: Outlet Pipe, Dam 
Embankment, etc.) 

Control line and station location 

Offset direction (left or right) looking up-station 

Offset distance 

Elevation 

Material or feature as described on the drawings (for example: Zone 2 fill, 
sewer pipe, etc.) 

The actual format and responsibilities for the daily activity record will be developed in 
the field during initial stagesof the project 

Inspection Data Sheets 

Ail field observations and field testing will be recorded on inspection data sheets. These 
sheets will be used to formulate the daily summary reports. AU field testing will follow 
ASTM or other specified test procedures and methods of data recording. Observations in the 
field may be in the form of notes, charts, drawings or sketches, photographs, or any 
combination of the above. The inspection data sheets will contain the following information: 

Date, name of project, and location. 

Description and title of the inspection activity. 

8 Time the activity was performed. 

Location of the inspection activity. 



a Weather and site conditions. 

Standard test method used or type of inspection activity. 

Test equipment used. 

Record of observation and test data, with all calculations completed and 
checked. 

Construction methods and equipment origin material and general descrip- 
tion of conditions. 

Comparison of test results and observations with specification require- 
ments. 

Names and titles of all persons involved in the inspection activity. 

Record of materials and workmanship that do not meet specified design 
and corrective action measures and results taken. 

Signature of appropriate inspection personnel. 

Monthly Progress Reports 

A monthly progress report will be prepared by the resident engineer. This report will 
include the following information: 

Summary of construction activities and progress during the previous 30- 
days 

a Schedule status 

Summary of problems encountered during construction, method of 
resolving problems, and field change order status 

a Identification of potential claim issues 

Summary of all QA test results by CH2M HILL and select quality control 
tests by the Contractor (such as conduit leakage tests, etc.) 

Monthly progress photographs 

A copy of this report will be issued to the District at the end of each month during the 
construction period. 



A copy of all project construction records will be maintained by the Resident Engineer in 
CH2M HILL'S project office for the duration of the project. These project records will 
be maintained in files which will be open for ADWR review. 

Change OnFers 

One of the major responsibilities of the resident field staff will be to observe actual site 
conditions during the progress of construction work to determine whether design changes 
are necessary to accommodate unforeseen site conditions. Changes in the work that 
deviate from the approved Contract Documents, whether initiated by the Owner, 
Engineer, or Conaactor, and that have an substantive impact on the design of facilities 
that are jurisdictional to ADWR, must be reviewed and approved by ADWR prior to 
implementation of the changes in the construction work. In an attempt to reduce delays 
in the construction work, the resident engineer will n o t e  ADWR of forthcoming change 
orders by phone or facsimile prior to formal submittal of the change order request. No 
change will be executed until approved by the ADWR, the Districts and CH2M HILL'S 
Engineer of Record. 



easuremen 

Minimum of 2 tests 



Collect samples in accordance with ASTM C172. Cure in accordance with ASTM C31. 



Attachment C 

Calculations 

1. Allowable Spillway Crack Width 

2. Field Permeability 

3. Filter Zone (Zone 2) Material 

4. Stilling Basin Sliding Resistance 

5. Active Soil Pressure 

6. Underdrain Flow Capacity 

7. Finger Drain Capacity 

8. Revised Spillway Wall Structural Design 

9. Slope Stability Chart (Davis) 



- susJEcr-cA_~a_~-d.--~a~--- - 
Emm - - - f i U E p  = % r f 4 ~  ------ SHEET NO.-C-OFJ --- 
m ------------- --- PROJECT NO.>.-,~ ~&&Z.L!!O- 

NECX Pec~+Af5,~,rv + SPEC F J L ~ ~  

=I<  o~ FIL rG/L 

FI ME 
a*" q g. /- / - 4,  = = ,, 

6.2 mm - - 19 . L - - - 3.5 - - -  
c 

- -- - - - 

F ? r .  SCS rear &xu- US. I h r R  rrr ,-*a RR-~\~TT 0s 
I 

SEULI-CO C L r r d  &VDJ a-0 (to&, c L A  I ~ ~ , A ~ - w s  6 nb $. SCS cur /%7B 

2 - 
: 0 . 3 C  s ) - 0- 9 om /aL 1 9- 4 4  ,A 1-- - 

t;wr K l ~ n r o  
I 
!-. .- .. . . & ~ ~ . u n ; ,  4 & ~ , ~ d  &mnru d Qorv GLC Do-5 
1 &*=ec ~ E S , ~ * ,  J Co.+wa-mo.u & d g 8 w a * n u - ~  
! ---- 6. 0. E 

h c r c n  
IL4-1 1/87.  

> Scer W,QI-A - I---- -- C---.- 

1 

F ~ ~ F ~ w Y  = 4 _ _  PED * - - 3m, -v - -  
1.2 -- 

,- - 
b 4 5  015 = 3 n- 

FORM 38 



Page 1 ofPi\SWW\SWW35441 \GnPERCTEST,XLS, 2/25/94 



P a g e  1 o f ~ S W W \ S W W 3 5 4 4 1  \GT\PERCTEST.XLS. 2/25/94 
S*l--looo 



Page 2 ofPhSWW\SWW35441 \GT\PERCTEST.XLS. 2/25/94 
7xuF Sr* 



P a g e  3 ofF%SWW\SWW35441 \GT\ PERCTEST.XLS, 2/25/94 
DnL.3 5 d L  



Page 4 ofRmMI\SWW35441 \GT\PERCTEST.XLS. 2/25/94 
D& - 



P a g e  5 ofWdWW\SWW35441  \GT\PERCTEST.XLS, 2/25/94 
Daup- 6-N 



P a g e  6 ofPhWW\SWW35441 \GT\PERCTEST.XLS, 2/25/94 
b a v a  S& 



Page 7 ofF%SWW\SWW35441 \GT\PERCTESTX 
D&&s 



Page 8 ofF%SWW\SWW35441 \GT\PERCTEST.XLS, 2/25/94 
Dam a 4  



Page 9 ofF9\SWW\SWW35441 \GT\PERCTEST.XCS, 2/25/94 
be 5 -\do 



S U t u t G T  Ca%UDm (# OskJ BY UARO . -4 -. -.-- J' r 

" ,.J 6- - PROJECT NO. S ~ L J '  3 ~ 4 4 /  . &r- @ 
:-.----.,-!- 

0 

r ... ......... .:. ; 
1 .. . 

. . I 
. . 

: , . 
, . I :  ! 

, .. 4 : & l z h v k ~  F & T ~ ~  , - ;, 



t lY  L). AIL&.-- 

SHEET N 0 . Z  of DATE ;3/2ej% 
PROJECTNO. S U ~  a sq./ I ,cr 

.., .. . .. .. - ~. ..- 
. . . , . . ,  

1 :  : * 4 ! , l , ' '  
:~ i ~: , , ;  I ... + . . !  . . .  8 

. . ' r .  ~ : " ~ ~  . . , "  v . ~ r  1~~~~ ! .  " ~ L E ;  %.-1.. . !L.: 
i . ,  , I : .  - ! 

. .~ - : , , 
: ; a  . , , ' , ,  

! 
. ~ . . ~ . ~ ~ .  . . ~  ~ . . . . .  , 

F;n)%Lr CpFa5YnX1 



m " U ~ C ~ I  -r34,,La WPM BY 0.  --.~ - &,+- 
E3Zm.Y ,a -rYesl~+J. SHEET NO. 3 of 4 DATE 31-195 - I 

PROJECT NO. 

, , . . .  .. 
, . 

. , 

. . 
, . . . .  

LO CPVL-- ~ t ~ T ) t o =  ~ , + D I S  C1 .z  = Z411.L= 2.0- 

F l Q o * ~ , j ~  FL Thee %.L 

5% Ms= b,, =,.%D+ , t.LL?r. 



Grain Size Dlstrlbutlon 
3 * 

+@as8 Fine 
+Base Courss 
. ..s. Filter Fhe 

-. -X- -.Filter Coarse n 





SUBJECT- ------------------------ B Y ~ z & - ' ~  DATE ~ - ~ ~ ~ & -  - - .. 2 ------ ...................... SHEET---OF--- 

....... .. -.., 
L L -..- 

a ........... 

; l . ~  : - f  - ..-.. _ L ~  ~..:.~.!. 
. . 

... 
I . . . .  

j ,..~, - 1  : '  ..... - . . . ~ -  ... 
.?, .%q+&i/; 607 1 . .  7k/ : -~$liro ; ~/lf>i.n~ /A. 

-. I .: : .-.: i~ . . . . . . . . . . . .  : . . . . . . . . .  ..:. i ' . . 
. . . .  . . . . . . .  , 4 : I i 

! 

, . - . . . . . . . . .  

. .  . . .  . . . . . . .  
- .  . ..! > . ! . .~ . . . . . .  . . . . . . . .  I ,-.-. - . 

I I . .  . HO#&&P-L z~~3-.si/&6. I P06fkF GR 
, . . . . . . . . . . . . . . .  

. . .  

~ ~. , , 
. .~ 





The engine of an airplane flying through still air (specific weight 0.0765 
Ih/cuft) at 200 mph (293 fps) delivers 1500 hp to an ideal propeller 10 it in 
diameter. Calculate slipstream velocity, velocity through the propeller disk, 
and the diameter of the slipstream ahead of and behind the propeller. .Also 
calculate thrust and efficiency. 

'I V4 + 293 0.0765 V4a -%% P, - 1500 X 550 - ,(lo)*( ) - 32.2 ( 2 
V4 - 338 Ips (127) 

V - (338 + 293)/2 - 315.5 Ips. Q - 24.800 cls 

AI - 24,800/293 - 84.7 sqft, dl - 10.4 It 
A4 - 24,500/338 - 73.3 sqft, d4 = 9.67 It 

F = 24,800(0.0765/32.2)(338 - 293) - 2610 lb 

50. Deflectors and Blades-The Impulse Turbine. When a free 
jet is deflected by a blade surface, a change of momentum occurs and 
a force is exerted on the blade. If the blade is allowed to move, 
this force will act through a distance, and power may be derived 
from the moving blade; this is the basic principle of the impulse 
turbine. 

The jet of Fig. 80 is deflected by a fixed blade and may be assumed 
to be in a horizontal plane." With the control surface drawn around 
the region of momentum change, i t  is seen at once that the force 
exerted by the blade is the only force acting on the fluid. There- 
fore. from equations 102 and 103, 

ZF, = - F, - Qp( Vz cos 6 - VI) (131) 

ZF, - F, - Qp(V1 sin 5 - 0) (132) 

If this blade now moves (Fig. 81) with velocity u in the same 
direction as the original jet: the jet is no longer deflected through 
an angle 5 since the leaving velocity, VZ, is now the resultant of the 
blade velocity and the velocity of the fluid over the blade. The 
velocity, v, of fluid relative to the blade is obviously (Vl - u), and 
if friction is neglected this relative velocity is the same at  the entrance 

"The difference in dmtion between beginning and end of blade la usually 
negligible in practical bhde prohlema. 

Fra. 80 

and exit of the blade system; therefore, as the jet leaves the blade, 
it has an absolute velocity, Vs, equal to the vector sum of u and 
(Vl - u). Then, from Fig. 81 and equations 102 and 103, 

ZF, = F, = Qp(Vz',, - ViV) = Qp(V1 - u) sin 5 (134) 

Engineers frequently prefer to treat such problems with the rela- 
tive velocities VI and vz, both of which are equal to (VI - u), thus 
reducing the problem to that of the stopped blade of Fig. 80; the 
validity of this may be seen from the velocity triangles and by 
noting that the substitution of (VI - u) for Vl and VZ in equations 
131 and 132 will yield equations 133 and 134, respectively. 

hc. 81 
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STABILIlY ANALYSIS 

FIGURE 21 Infinite slops an;tlysir. 
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Maricopa County 
BOARD OF DIRECTORS 

2801 West Durango Street I'hoenix, Arizona 85009 Betsey Bayless 
Telephone (602) 506-1501 John T. Katsenes 

Fax (602) 506-4601 . Ed King 
TT (602) 506-5859 Tom Rawles 

Mary Rose Garrido Wilcox 

Steven Walker. P.E. 
CIUM Hill 
1620 West Fountainhead Parkway, Suite 550 
Tempe, Arizona 85285 

- RECEIVED - 
APR 2 6 1995 

CH2M HILL/PHOENIX 
I 

Subject: b a n d r o  Wash Dam. Contract FCD 93-14 
90% Subminal Comments 

Dear Mr. Walker: 

The review of your 90% Submittal has been completed since March 3, but has not been retumed to 
you pending comments from the Arhna Department of Water Resomm. In order to have this 
project advertised and bids opened this fiscal year, we need to move forward with revisions. I am 
hoping that ADWR follows up quickly with any comments. 

Following is a list of some of the comments. Along with these comments, a half-size copy of the 
plans and a copy of the projcct Special Provisions which includes comments is W i g  transmitted; 
R~IUU ii3 :!view sets with your next submittal. Please review the comments and call to arrange a 
meeting to discuss this review. 

GENERAL COMMENTS 

Cover Sheet 
1. Add an Approval Block for the Town of Wickenburg (see plans). 
2. Tom Rawles is the Board Chairman. - 

Sheet 2 
1. Project Notes, note 2, the Public Works Director's fiM name is Tony. 

Sheet 3 
1. Increasetheilnewt~theDisMct'sWWsothatitstandso~ 

Sheet 4 : 
1. Show a sewer easemea for the dated sewer line. 
2. Increase the line wt of the Dishict's R N  so that it stands out. 



Letter to Steven Walker, P.E. 
Subject Casandm Wash Dam, Contract FCED 93-14 
Page 2 

Sheet 5 
1. Remove the grid behind the table and notes for clarity. 
2. The Chimney Drain sides are shown vertical adjacent to the spillway. is this necessary? 

Sheet 6 
1. Is it necessary to have the Chimney Drain above elev. 2154.5 (see Geotech Report)? 
2. Cross reference the location in the CSP's where the specs for the zones can be found. 
3. Include 2 more PVC Drains and have them drain on the DS face not into the stilling basin 

Sheet 7 
1. Use concrete sluny for backfill for the entire length of the principal spillway. 

Sheet 8 
1. The PVC size is called out as 8" on a previous sheet; which is conect? 
2. Bury the rip rap 1' underneath the wash invert at the DS end of the stilling basin 

Sheet 11 
1. Lower the location of the htmment conduit to the floor of the structure. 

Sheet 13 
1. Remove the sump as shown in section 107. 

Sheet 15 
1. Can't the bench in the trench, Detail 12, be e t i m i  and the basin drain pipe be placed in the 

sane trench as the sewerline? 

Bidding Schedule 

1. Include a PrecipitationPrwme Transducer Package: Nova Lynx Model 509015054 or appmved 
equipment 1 each @ $5,000. 

2. Include an item for the "Vented cable for the Pressure 'bmducer: Nova Lynx Model 
505011PTKC or appmved equivalent xLF @ $3.00/LF. 

Special Provisions 
(See the attached matkups) 

Please call within one week of receipt of these comments to txbiule a comment review meeting. Be 
prepaml to discuss the commnlx that you question I have aUached a copy of the project schedule 
sent m ADWR, that will allow us to advertise and open bids by tb end of June. Please let me know 
if you see. a problem meeting this M u l e .  -, 



Letter to Steven Walker, P.E. 
Subject: Casandro Wash Dam, Contract FCED 93-14 
Page 3 

If you have any questions, please call me at 506-8742. I will forward any comments I receive from 
ADWR as soon as I get them. 

Sincerely, 

. 
Project Manager 





State of  Arizona 
DEPARWNT OF WATER RESOURC%ECEIVED 

Enghkug  Divicion, Znd Flwr 
500 No& Thtd S- 
Phanix, AZ 85004-3904 

LETTER OF TlUYSMn'TAL CH2M HlLLlPHOENlX 

Grcrtbgs: 

we sc~diig you rho follouring items by: 

a ~mrviags a prints PW u Smlplcs 
0 copy of iJ?ucr 0 QrnpOrdar 0 SpadfialioLS 
K- 
Copies 

o Approved as submitted o Forinmusrioa 
n ~pprcvcd u noted o Rrnrbmir - w p k  for qprovd 
U Rs~med for ~ ~ l i 0 n S  0 Remu -. -red PME 

0 For rcvirv & eemmcnt 



The engineer w also told on April 7rh tka  when roun'ng the I@W ~ e s i i n  F k d  W F )  
rtrrougk rhe menvir to ascss rhe adequacy of rhe emergcnry spillway, ir is ADW's 
normalpr~~edm 10 amme char the outlet works is obmuczed and docs nor wNliburc lo 
discharging he flood. In mosr cases the outlet works capacity is very small in 
c~par i ton  to the spillway capaciry, so rhic assmapiion unrnUy does nor signi~cmIp 
oIter routing results. It does, however, give the m'ewer a clear undersranding of rke 
maxhwnjlow lhac is being passed through the spillway. U@mmte&, the rheC-1 
made1 Inrhded the dirchaqe of the ouIa WO& with rhat ofrhe spillway in muring the 
lVP rhrough the prqjrolect. To comply wfrh ADW's nee&, the EEC-1 mode1 should be 
mised and rem Revise Pkm Sheet 2 4t nqufred. We request that &taiW dtrdwge 
mbles be i n c M  in an OpeMnMnng Manual for opemt&nalpupses. Prrrvidc a copy of 
r k  Operating Manual. We aLro request rhcu recordings be made of rhe flow depth in the 
spa- ar the ogee crest and upstream of the crcn w & Z ~ e  the depth o f  water in rhe 
enrrrmce chumel dwing overJow condidom; repon the recordings in an a d  repon 
for the h. which swYnarires the mllCnvin'es or the dam f i r  the year. 

5. The outlet pipe and athcr p i p  located in or below the dam foot print m i r e  full and or 
partial encasement with cmaetc and-a downstream f~ltcrldrain section. 

Ihc en@neer indicated the outlet pipe &filly enmsed qssneryn of rhefi&er/druin and 
W U e d  downmeam ofrhefilrer/dmtn usingjilter mcueriul. ADWR fM& wncem 
about achieving adequate compaction below rhc spring-Hne ofthe pipe and insfcmed that 
r y p f d y  enusemem & rquind up to the spring-22nc d p W  in rhe dam unbrurkment. 
7hc owner indicated rhcypr&rred~W encasement with c o m e  within the dmn fit- 
prim. The engineer Mimted thqfelr the pmem design war safe bur would make rhis 
m i o n  and a& a filrer &an layer along the pipe w p m a  against material losses if 
the encasemm ma&. ADm w n c d  with the concept of thw revisionr and 
indicated chat dae presenr pr&ence fbr oommrcdng pfpu through dam was to rcse SCS , 
filrer/dmin cdteria fn51ead of seepage collars. 

Updare Cbmmems: l3e design +n?menuforpi&s located in tkjbor-prim #the dam 
me discussed in the &tailed review commenfs on the Special Provisions incZudGd wirh 
rhts revrevrew Zener. 

6. An Emagency Action Plan is required with the Application and additional i n f o d o n  is 
required as part of the Dam Break analyses and repon discussions. 

During the meeting, rhe owner f n d i d  they have con.wued the Counry Depanmem of 
Emergency M a n ~ g e m e ~  and that this group wukl require about 30 days to do rhc plan 
o n e  they were g i w i  the dmn b d  malyses. ADWR indicated the locadon f ir  the 
analyses cross secriom shod bt shown on the map, as well as the -1 time, flow 
dcprlr, andflow qua&ry aa each sectbn. 

FCDMC w provided a scporme aopy of addn'onnl ADWU ctnnwwnrs on CPsrmdro Wash 
Dom Break h d y s i r  Tdnical Mcmomndutn (&ad 1/1OM). W e  mnmew rrre 
provfdcd below: 



ARIZONA DEPARTMENT OF WATER RESOURCES 
lDam Safety and Rood Mitigation Section 

500 N d  3rd Str&r. Phomix. A h n a  85004 
Tdqkma (602) 417-2615 

Fax (602) 417-2401 

April 27, 1995 

Flood Conml Disttia of Maricopa County 
2801 west Dumgo Street 
Phoenix, Arizona 85009 

Atteation: Mr. Michael Lopez 
Project Coordinator 

CpsMdro Wash Dam (M.65) 
Application Review Comments 

Dear Mr. Lopu: 

As you are aware we are making every effort to complete our detailed review of your 
application and the following ?ccornpanying documents in a timely manna: 

1. Plaus for the Construction of Casandro Wash Dam (Pralunurary 
. . 90% Submitlal), 

dated February 3, 1995, by CHZM HILL. 

2. Construction Special Pwvisioar for Casandro Wash Dam (90% Design Review). 
dated February, 1995, by CHZM HILL- 

3. Casandro Wash Dam, Final Design Report, dated Febnwy, 1995, by CR2M 
HIU. 

4. Geotcchnical Report, Volume 1, Field and Laboratory Data, dated February, 
1995 by CIMl EZILL. 

5. G e o w c a l  Report, Volume 2, Analysis and Recommendation, dated February, 
1995, by CH2M HILL. 

6. Casandro Wash Dam Break Analysis Technical Memorandum, dated 1110195, by 
cH2M HrLL. 

7. Eydrologic Analysis for Casadm Wash Dam ( P r e l i m ,  dared January, 1994, 
by the Flood Control District of Maricopa County. 

Although wc have not completed our review, we understand your schedule i s  aitical and that 
it i s  hpmaivt that your dc9ign argiaeu begin wmpIctim of the fina documeats. We 
rmderstnad tbat your engineer will be wmpledng ponlons of the docmenu and submitling 
them for ADWR fiaaI review during the next month in an e$art to ncdve your appxwal 
application as soon as possible. Therefon, as you have requested we are forararding all of 



our comments which we have developed at this time. We anticipate completing our detailed 
review of the 90% documents on apptoximatdy May 1, 1995, and will provide you the 
additional wmments as soon as possible after rhat time. Please be aware that it is W y  that 
some additional comments will be developed during your completion of the 100% documents 
as well as during our d e w  of the final submittal raquired for appmval of your application. 
We wil l  provide these comments in a timely manner as they are developed. 

In summary, the comments we arc providing at this time do not appear to require any 
significant redesign of the propoYd dam project Although we previously questioned the 
specifics of the spillway analysts and indicated we believe the actual d u a l  fr&board is 
somewhat less than the three feet Jndiolted in the design report, we arc of the opinion that 
the spillway as presently designed results in a s a t i .  dam design. 

INITIAL REVIEW COMMENTS, MEFXINGS AND DISCUSSIONS 

As you are aware ADWR provided initial comments on the documents to you in the ADWR 
letter dated March 13, 1995. This letter was followed by a meeting on April 4, 1995, with 
repfexmtatives of the owner, Flood Control Dis& of Maricopa County (FCDMC), and the 
deaign enpinesing fum, CHZM HILL.. We have listed below the items of the meeting 
agenda with a brief summary of discusdon and our undastandi of what action was 
discussed in response to each comment. We will con& any alcemate meaas of complying 
with the initial comments that you may have developed since the meeting. We have also 
included updated comment infonuation developed dace this meeting where it is applicable. 

1. Spedfic subsurfaa information is not p m t e d  for the left portion of the dam 
foundation. 

ihc owner and engineer agreed wirh rhis. nu engineer indicated they beUeved h e  
mafloble infonnation could reasonably be u1rapokued into this area. U)WR indicated 
thiswaspoa*b& bwthazdrcrew;urrsomc riskroscheduhandmts i f t h e u d o n  
mered signamlyfrom the exunpolazioc ihc owner and engineer indicated they 
would mrewew this irun. 

Update chunc~s: Z71e owner ic pmceeding to obtain crdddonal subsWkce iqfomllMnon 
in the lCjf podon of the dam and WIU provide &s i@mmion a it is dcveIopeti. Zk 
drilling is scheduledjbr April 27 and 28, 1995. 

2. A site geology map is not presented; additionally, the geologic formations pnsent at the 
site are not comlatcd with the boring log information, the profile of the dam, or with 
respect to the inended depth of excavation for the darn foundation to adequately r m  
the dam and the concrete +way. 

2% engineer indicated die geology conrim of oldn cunm#d alikvium and rumt loose 
alluvium and that thrry did nor &Hew the gwbgy wu c~sentlul w daermining the deprh 
ofexcavao-on. D i s d o n  lndlcaced the engineeIlng tnrenr tr w remove aR of the recmr 
alluvium and any loore arurr in the older alluvium to support the d m  on denre and m y  



dense marerialr. I h z  engineer will r&cw data and dewlop an acct?pt@Ick criten'a (such 
as ??% Marimrun Demiry}. ADWR inditllled chi$ should d o  be consided in rhe 
conten ofthe geology, since it would be inagproprtnre w J%U& the dmn on dense recenr 
a W m  which may be wderkain by adiiiioml loose M d / o r ~ a b I e  mareria&. 
ADWR indicared hat some addirional discussion about acceprablefiwukuion criteria war 
appropriate in rhe design repon. AddirionaUy, mWt imiicmed rhor, although a sire 
geology map may nor be essential, the geologic intetpre~an~on ofrhe subslafm 
ir3fomrmMon should be shown on rhe boring logs and rhe subsCapa prvfik ofthe d m  in 
dre tWtUttl&07l dhVhg~.  

Up&& Comments: ADRR review ofthe boring log blow corn &a indicates that both 
nbmm havc dense w w?y dense materiaif at a depth on the order of25fier. lk 
lack of geologic infomranmranon on the logs hhiers e s i n d n g  rhe deprh ro the o h  
alluvim and thus, iris nor blDwn wherher rhc h e r  d a i r y  mruerids occur in the wper 
or low? a l l ~ i w n .  Bawd on rhc excav& criteria provided by dre engineer, thae 
mclteriali would have w be removed. IU profile on the Plans W 5), howew, does 
~t indicate this errm of acuvdon; uht cliceria was used drPing the design for 
estimating the depth qfucawion in& abumuus ond Wm criterfa will be used in the 
field during WM&? These same quun'ot~ apply to the dqdt of euwmion 
projetxed for ;he enrire damfoot-pri)~~. A&Ydo~l&,  the subnqke i@nnarion and 
eslimtued m a W n  &r;h mt be updated to n f l f f  rhs mula of rhe aaWrional d d h g  
which will be pefomred in rhe area of the lqi aburmuu. 

3. ADWB requested tht reom of the previously reviewed and motat4 copy of the 
hydrology report to facilitate our review of rhc Appkarion. 

XUf repon was prorided ro ADWR by the owner during the meting. 

Up&te Comrnem: lk hydrologic analysis, m-ng thc watershed parameters adopted by 
FCDMCfor CbsMdro W a h  and adiuments tbr PMF-1/2 PMF condiriom. ~loduced 
acxeprab& values for the 1/2 PMF $?flIwoy design F160d discharge and ~ y ~ l z t m .  

4. The outlet analyses data needs cbifkation and the outlet and @way stagddkcharge 
relationships should be input qmrately to HEC-1. 

ADWR agreed to clan2 rhis convnm and pronron& &tails to rhe engineer. 

Updare Chmem: ADWU met with the engineer on April 7, 1995, and pmvtdcd spec#ic 
examples oflncoNine~ux~cs in rhe design rcpolr with rcspecr to the outlet works Md 
rcquesrcd &fi&n in rhej7nal design repon. One additional amnple which ~nrrr  nor 
spec- discuved on April 7th & Ehar rhe Final Design Reporr indicates rhor BEC-1 
was used 10 col& the rorhg auve for the ozulu (o@c W@&N = 0.6, tnler 
cIcv4cion = 2135) &$erring rhc urc of an =SL' cord in rhe HEC-1 &a set. H m r ,  
the teC-1 &a ser pmvidcd ro ADWR did MI inch& mr 'SL' card; insfcod a 
conbination rating navc fir the outkt and the ptIhwy wprovkied roing "SQ" and 
'SEW &. 



1) Ihc generalfbmu~ @the Tcdmical ~mrarandrmr could be improved by c I ~  
~ c c I c h r l f t h c c l p ~ ~ E F ~ 0 ~ ~ , F 6 1 W A ~ s i r ~ ~  
HEGI @ur a d  ouputfilu, erc. ..). ULnfnote amneou~ or unneccvary iq@ma&n 
(M ~ u v e ~ c d  tnup for a dffm IIldy m a  ih&iateCrypn& the Carandm W& 
hwrdnrion Map; some of rhe prtvovrr near rhe end of rhe TGchnicol Memoranah are 
unmduble due to fim sizing; etc. ..). 

3) Ihc Znwdmon Limits Map should contain rhefillouing i$o?manrmMo~ 

a) lWu@cadon of Gxandro W& DMI. 
b) Luimion and idenn)Tc~~on of US 60 und AlSF railroad gm&. 
c) Luimion and tdmn@ic&on of reach  1 w 4. l~orrnMrmMon associated wirh h e  
crass seuions should tnc;ludc the anhvrl lime of the flwd wave, the mMval time ofthe 
floodwawepcak, andthemmimMIestimted~~~~~surf~~andjlowdeptk 
d) Stae which plan the i w u i a t h  map comspuis w @lan 1, 2, 3 or 4). 

4) An asu?npn'on is made tha the breach occurs when pending in the reservoir madus 
the spiliwqy crest. Is this rhe man c o ~ ~ ~ e m ' v e  ass~~pn~on? Suggest perfbrming one 
dizional HEC-1 Rial assm~ngfhilwe occurs when water irjbving over rhe emergency 

, spillway and rhc nsemir  has rcafhed rhe maxinum escima~ed sromge capaciry (203 
acre feer 8 elevation 216a15). Asarme che same breach chamutrisna used for Plan 1. 

5) In T& 1, the *Avg. &nge in USEL' i s  c o ~ i n g  und inrrcnrrare (wmpare w/ JEF 
notes beween pages 9 & 10). RLcommcnd eIimMng this iafonnai?on or providing 
pvrhcr ~&dficM'o~n. 

. . 

6) lh following &ges 10 rhe inpwfila are reconvnende& 

a) Line 4: Change ZO to 3 @rim inpw &a, intermediate & muster s ~ ~ e s ) .  
b) Lines 59, 70, 73, 76, 81, 87, 89, 91, 95, 101, 103, 105, 109, 115, 117, 119, 
123,129,131 & 133: Add ?* ro colrmvr 2 of k e  lines @lor the conrpured 
h u ~ g v h f ) .  
C) Inc& a hart2 copy of the ourpvrfilc in the Technical M e m o h  andpmvidr 
the input file ro ADWR on a 3.5' diskette. 

Update Cornmuus: We unakmand thar the Depamnent of Emergency Management is 
presenrb preparing rhe ElP and may complete this by the third week in May. We also 

that the engineer is proceeding ro address these commnrs oh rhe E4P and 
rhar they will bejhlizEd sbnb and fonvarded ro ADWR for review. 

7. An insmentadon and monitoring plan i s  required with the Application. 

lk engrngrneer indicoced that rhey hove shown thc rec- layulaYUlons for sealemem 
mniroring pins on the consrruction dmwings and rhar no fnrernal imtrwnent~~on & 



I n ~ q t d r c d f i r t h e d m n .  ADWRindlamcdthatrhcm@nd~bosclinc 
m o n i t o t f n g a n d ~ n w n i t o h g n e d u , b e & ~ f o r t h c d m n .  l konner  
indfc~lted~ftmqy&apptvprlaie t o & a s ~ d o M n w u f i r O & U r o p w v i d c t o  
0- ~ ~ ~ S O N I C &  &m i n d f d  rhc donmruu Should indcdc p ~ m v i n ~ ~ f i r  
general dam s@eg montroring, specific moniwring and &a repordng for ihc spilhvay 
each rime ir 0w.rPow1; w mqwsr that the nlonfroring of& spihuy slab indud& 
hammer sowrdfng ofthe concrete mccu to inusrigare fir rhe presence ofaey$7wmWm 
~ r t p m b Z m r r .  m m n o r c d r l u u t h e ~ r y p i ~ p r 0 M e s a n M n r r a l n p o n o n  
thdrbrmdADWR&reqlrudngddrfirdJsnnvdam. 

8. ~dePailirrequiredineachsectIondtheQA/QCpartiwsoftheSpecial 
Provisions delineating the ryp*l of tests and the number of t q t s  to adequately monitor 
the acceptability of the various producrs being consmckd at the dam. 

nit engineer indicated rhat the contractor will not be doing any rating and thur. the 
w i n g  has MI &en included in the Special Pmisions. ADWR indicated that the types 
and?nunber @tests for QA@Cmwbe&Ullwed in one of rhepmjeadocrrmcnrtso 
rhat it is vndcntoad what Lr requiredprior w ADWR a p p d  o f h e  application 

I?te owner indiuued hu perhaps a separare W A C  P h  would be apppriate fir the 
p-a. 

\ 2 7 ~  engineer indicmcd that MAG S ' c a t i o m  applfed fn general and that & Special 
Provlsionr mere prepared where rcqrdredfbr specfpc crrpeas r e b h g  ro dam 
conmuaton 

The owner indicated t h a  t h e  would & c o ~ m d 0 n  manamnem and would hire a 
tertingf~nn to do npimi riving. ~ r i o ~ u y ,  the en&r wou.~pmvidc inpeaion 
sernNIces for specialized arcas such as rhe fbun&ion ercavarion rmd Qualiv Assurance 
on the owrali wmmdon of the dam to -&nply wirh ihc i n m  of thZ desib. 

Y ADWR indicated rhcy preferred ro have these aspeus ojthe QMQC delineated in a 
project dtxmem. Addwonally, the Engineer of Record mwt submir the As-Builr 
Dmwings and include testing and other aspcar of the consmrcnmrcnon in a Co~rmcn~on 
Repon at rhe end o j c o n s t ~ o n ,  

U@e Commenrs: 7 7 ~  QA/QC requi- arc d i s ~ ~ ~ s e d  in the detailed review 
comments on the Special Rwisfons incIuded with this rm-09 leaer. lk Q#QC 
requirements may be included in the S ' a l  Provisions or in a separate Project 
&cumem. 

9. A curmt project schedule is requested which delineates an estimated ADWR review 
paid for the Application continuing through hby 31, 1995. This time duration docs 
not include an estima~~ of the rime required for the engineer to revise submittals based 
upon ADWR comments. The schedule should include your best estimate of the 
engineer's response time as well as other usb to be completed by the owner and the 
engineer prior to initiating construction. 



27rc owner idm~ed rhey would prepare a schuiule. 2 b y  indcared t k y  ~ u l d  not like@ 
issue a Rcquv For Bids unril ADWU had approved zhe appliaubn. 

Updae Conimw: A schedule w s  prodhi ro ADWR by FCDMC on April 12,1995. 

10. Additional Misf. I m s  

a. ADWR is amcaned about maintaining the in- of a spillway cozmwed over a 
dam embankment and will require that the design of the spiUway rpedfically provide 
backup measures to minimize the pormtial for loss of suppon due to piping of underlying 
material3 Uvough joints or cracks in rhe concrete. 

lk engineer indicated they believe rhcy haw drrignedfor this appropriately and 
nquesred AI)m ro evaluare the preenr dccign. I k y  &o idimed rhar rhe spillnay 
is not qpected to operare crceptfbr isoked short durations and that the design 
cconoPnics do not allow for s i p i  a&%ional costs. Additionally, the spilhwy WI 
be manirored gFer each &ow and repaid Vany problem develop. 

Updare Commenrr: Rcvfew of the drawings and rhe spec@cations i m ' i c ~  that the . 
present &sign uppurrs acceptable providing the urvuuns perform as d p a r e d .  
Ihc Zonc 2filrer/drcrin ma~~?rial and subdmin pip zysrem appear ro be lowcd 
qpropnately to mlnlnuia rhc potenrial fbr build-up o j  ercw hrod below the 
downsmcmr smrc~cs and 10 minim& he potenrialfor piping and undemuning of 
rhrce struuura l7ie ssf~ry o f &  design ic, irowcwr, &pen&n~ upon 1. rhe rare o f  
drainagefnnn below zhe nncarv~~ and 2. thejilrering capabfQ of the Zone 2 
mareriolHttth~aurzheZonc1~eriddalsonr~~whichrrmyocnv 
in rhe slabs or a s r m r e  foinrs. W, rhe material must operate as a filrer and 
drain as well as march a mmimrrm acceptable width of crack in rhe concruc 

lk crirm*a for rhefiIter/drain u dismsed in the detailed comments for 
provided with diLr review Ierrer. &tn'o~l&, rhc mrcrfmwn 

occeprable crack widrh for rhe c o ~ w  smwwe shod be designared by rhe 
engineer and marmar- established ro rep+ all crockr which meed rhe ahwable 
widrh. Additionai comments on rhe drain ~ s m  are pm'ded with the detailed 
convnemfor rhe Plum and rhe Final Design Report included wlth rhls review lerrer- 

b. ADWR will require that all alluvial soils, and any orher soils which could experience 
setrlemat, be excanted from the foot-print of the dam and from any adjacent zone(s) 
where setrlment would adversely affect rhe integrity of the dam or the concrete 
spillway. 

Ihc owner and engineer agreeti rhor ir is rhe intent ofthe design to h o v e  all recenr - 
alluvial soi& and loose oldcr alluvial s o f l s ~  rhe domfoundation. 

U&e Comments: ADWR review of& Final Design Repon indicares rhe discwswn 
fJ  clear on this point. However, ADW believer rhar ir mqy be dflcult in some areas 
ro delineate benwen rhese nu0 mared& and that development of a spec@c rehive 
denn'ry cncnreria wiN assist in rhe derennination of an accepfable f o u ~ o n  levelfor 



the dam Addidonal&, ADWR belim rhar a H a  should be &ve&ped for the 
dc~andrenwwlqfc&angnmYlm@sitswhicirmqyoccurinrhcoldrr 
alM1011. S'cipC cwnmcltts haw been p&&d w&h OW &ailed commem on the 
$JWdd -ON ~ d u d e d  wirh rhir ?CM'CW &w. 

c. A cumnt copy of MAG Specitidiom is nqucstcd to be submitted with the 
A ~ o n  sinca these spedficationr ate iacluded as m of rhe consmction 

Updcuc Conunenrs: A wpy of rhc MAG Spec~corioionr (1992 with 1993 mkiom) was 
&Iiwnd ro ADWR on April 19.1995. 

d. Provide a discusion ng* the i n t e r p d w  and usc in the dam Mi of the 
field pameability test data included in Appendix C, Vol. 1, Geom4mirA Report. 

3hc engineer indfccued rhe pernuabiliy r c m  wre all pnfonned in the oldcr cemented 
CrlluvioC mate- und rhat rhe &a was Incorporaed in rhe seepage amlystrfbr the . 
dmn. 

Updrrte Cammenu: During & review of rhc tikunmn, we were nor able to locate a 
&--on ngmding the & ofnrmcrih tared or the-use qfrhe penneabi&ies 
eshamifrom the &a for ecrch bfthepcld rests. ProW clo*ffying disdircursion. 

e. Final sets of documents an required for ADWR approval of the application. 

ADWR indicared that a minimum qfrhrcc sea of drawings were mpfredforfinol 
approval and rhat one set w fbr ADWR recork, one for the owner's re.cor& and 
one for ADWRjieId monitoring. ~?IG set fir ADWR PeId monitoring wuld be a half- 
size set. It war agreed that initial sets afdocmerusjbr the dam should be stanpd 
PreIanii~ly NorBr Conmuxion to m i d  co@sion with the ser which is A p p d  
for Co~mrdion by ADUR 

f. What is the orientation and consiruction being used for the sewer p i p  realignment? 

The engineer indicared the sewer pipe is located in rhe foundnrin materid below the 
dam f i p r i n t  and thor rhe plpe is encased tn slurry c o m t e  ro 6' above rhe pipe 
and rhor common bac&iIl nr~uld be pkmd ubow this level to the bare of the dmn 
folmacuon. lhe owner insicared they wen? planning on using concrere slwry for the 
fir11 lrench depth ADEX agreed wirh rhis revision to obrain inreg& comau between 
the slurp backfiU and rhe normal sfde-ditch ~~. 

11. Spillway Analysis Discussions. 

l2e engineer indicated that tlvy believed they had appmpnately calcuIaied the resemfr 
level using rhe USBR, USCOE, and Md Chmverences and d m  we of REC-2 was nor 



approprimc since, among other things, rhts srlll mqufnd rhe input qfcouBctencrfor 
c o n u a i o n ~ d S s r h e p r u m t o n a q f ~ g ~ .  ~~CnginCurcquLued 
u)N&ikmtiOn CIfthe use g a  rhirdpany qpcn to m3ew the W s e s  and to make a* 
-n. ADS% h k ? t e d  rhy wovld CONidcr rhLr ~ r p p d  

U@e Chmenu: ADWR has discwed the spaspllhvey &signfir ogce spillwqs wirh 
pers0rmcI at the US B m a u  qfRcclnmarion Md rhe US Cops q f 6 n g i m .  Based upon 
rhuc  sfo om, it appears that die engineer is applying die aac@ciult of discharge fbr 
the ogce seaion, in wz@&on with entrance and ehnnncl head losses, to detennfnc zhe 
memoir Iml in an acceprcd manner. AWorcgh, we believe some aspeas @the analysis 
nmnin l~vuoIwd, the order ofmagnitude of the d@" in rhc c&uhred resm'r 
level is relatiiwly d l  and rhe freeboard of 3 feez included in die desfgn is anticiipared 
ro be ocaptable to pnvcnr aay over-wpping ofthe dam during h e  occurrence of the 0.5 
PlobabZe Mminwn Flood wed as thc SpiIhvay Design Flood. 

REVIEW COMMENT!S ON THE SPECIAL PROVISIONS 

The following comments and indicated modifications to the Special Provisioru arc believed . 
warmated to enhance the o v d  c o ~ o n  and safety of the proposed dam. Wording, 
where we have provided it, is not a spedfic requkemenc the wording is provided to indicate 
the intent of the modification required by ADWR for &eration and appropriate revision 
.by the design engineer to meet the design requimnents for paforrnance and dam MZety. We 
have also provided some edimid comments on h u s  items &saved during our review of 
the text aud have included these for your consideration. hcoqnnate any additional xwkbns 
nquirrd to the Special Revisions as a result of ADWR review comments on other -ect 
documents. 

Subsection 201.5 - ~A-U 

2. Title Other 'Payment' sub&01w do not include the section utle; check other npsy 
s u b d o n s  for wnsistcncy. 

OV( Sg 2. It is not clear that the bold "ITEM 201 ..." is the bid item; m suggest 
PO adding the word 'BID ' to the front of all bid items listed in the Payment subsections. 

Subsection 204.3 - Dam Foundati 

SP 4. Paraerabh 1: The text indicates the Engineex wiU determine acceptabie foundation; 
add some addidonal clarification by revising the text as follows "The intent is to excavate to 
a dense, firm foundation over the full foot-print of the dam through full removal of the 
lecent alluvial stream channel deposits and any loose or oth& unacceptable older alluvial 
deposits. The exact depths will be fielddemmined ..:. 
Include a specific criteria such as relative compaction to classify acceptable dam foundation 



mataialto~idendticatimdthesemabdalsonceiheoldera~wialmaterialsan 
exposed in the excavation. 

Zones of clean sand or g r a d  (marenlal with less than 5% by weight passing the No. 200 
sieve) exposed in the foundation excawion should be removed as it is expected the material 
permeability will exceed 1 x 1OE-3 cm/scc. 

SP 5. ParaerPpht; At the end of the paragraph add the following scnmce: "The dam 
foundation must be also be inspected and approved by a repmantalive of the Arizona 
h p f t m a t  of Water Rcso-, Dam Safety and Rood Engineer& Unit, prior to 
procwbg with the work d u c n i  in S u b d o n  204.6'. 

0 sP5- The requirement for compaction to 95% reMvc density should include. 
4 the app= standard (presumably ASTM D698). 9 

S p !  The last two sentences refer to foundation areavation and should be 
~delaed. We pnfer to see all of the foundation excantion completed prim m beginning fill 
placement and believe that this may be easily accomplished at the site. 

Z X  

A Quality Assurance requirement should be added to the spdications and referenced here 
(see Oenual comments). 

210.1 - Local Borrow 

Include a statement at the end of the paragraph that "The materials to be 

/ used as fill will be excavated fiom local borrow by muting quipment or other means, as 
bQ approved by the Engineer, to meet the material requirements in Section 211 - Fill , 

C w c t i o n .  ". 

CONSTRUCTION 

S X 9 . p h  7, Confirm that the Zone 2 material complies with the technical. 
requirements for filter and drain material issued by the Natuml Resource Conservation 



m d y  S a )  using Part 633, National -g Hadbook, Chap& 
26, Gradadon Design of Sand and Gravel Filters and plmide ADWR a copy of the 
cdcdations. AlsownfirmtbattheZone2mnmialisoodyrmtchedtothcslot&af 
the slotted drain pipe in al l  instances; pravide h i s  i n f o d o n  with the calcolacions. Based 
on the provided drain capacity calcuIatIws, we believe cvuy effort should be made to 
provide a filter/& material having a minimum pxmeability of lA!min. Providing the 
pnscnrly specified Zone 2 mataial complies with the NRCS aimia, 
'No. M' should be modified to 'No. 30' and add 'Sieve Slz8 
Passing by Weight' as we believe the finer end of the speciiied 
modified to ob$ln a minimum pameability of k m i n .  

SP 10. Parammh ?; Modify the Zone 2 Uniformity Che&dcnt to comply with the NRCS 
cri- if required, and add any nquircd additional criteria. f l ~ .  

SP 10. The text indicates the excess embankment for the dacntion basin 8lls 
docs not have to be moved' it would stem they should be removed to prcwide the volume 
of detention indicated on the AnaNolume curves for the basin. 

SP_1O.ParaeraDh4: Due to the critical nature and relatively thin width of 4 feet for the 'I. 
embankment chimney drain. add to the end of the second rw1tence"'. . .forms, or placement 

;methods required, except that the Zone 2 mataial will be plsced in the embankment chimney 
drain using bins, boxes or forms to maintain the minimum width required of 4 feet and to 
minimizccon tamiaaton of the Zone 2 mated with other materials. Zone 2 matcdals in the 
chimney drain wil l  be rnainbiincd a minimum of 3 inches abwe the adjacent Zoae 1 material 
prior to compaction. The contractor shall pull-up or remove placement bins, boxes, or forms 
priortocompaczingthenartliftofZone2matcrialriothechimneydrain.'. Alsorevise 
sentence thsw from '... spccificd width ... or minus 6 inches fiom ...' to '...minus 0 inches 
... on the plans.' and add a new sentence four 'During construction the location of the 
centerline of the chimney drain shall be established and maintained by the contractor far 
location and drain width reference.'. 

Additional considemtio~ for the Zone 2 matorial should be added to the specifications, 
iWlUding a. avoiding segregation and con tamhion when material is moved from stock 
piles, b. avoiding contamination with orher dais at all locations, c. protection of 
ma-s in-place, and d. special considmation whae traffic is required to cross the chimney 
drain or otha Zonc 2 materials. 

2 

SP 12. P a w  A static roller weight of at lean 8.000 pounds is requirad for 
compaction of Zone 2 material. Is a roller of this size compatible with the narrow width of 
the chimney drain or should some other requirement be incorporated as required for the 
chimney drain? 

U .  The relative compaction requirement is in x 



accadance with ASTM W 8 .  rite defbition of m e  1 t i l l  m a t e d  (Subsection 211.1, 
page SP 9) allows mattria to be used that could be too coane grained to use ASTM D698 'lx (30% or maze regined on the %-inch sieve) as aguide%e for compaction CO~~TOI. If these 
cm=-gdned materials an used, what is the alternative compaction ~ontf01 to ASl'M 
D698? 

J am 2. The last sartaxe indicates that the average of 
the most recent five cornpadim rests in the same area be at least 98%. Clarify what is 
mcant by the 'same aRa'. ,,,, Foundation stabidintion rcck is Wfied; whae is (his material 
used in the construction and what is its purpose? ~.;&2 
Subseetion 211.4 - Tests 

/ 
1: Thet indicate the engineer will make independent tcst for 

acceptance of the completed portions of the work. ADWB Iwefcrs to haw the types of tenr 
and the minimum number of tests detailed in the project documents to m i d  fuhue 
misudemandings; include a Quality Assurance q u i r e m ~ ~ t  to the s~&&~~tions  and @' 
reference it M, see General Comments for the types and numben of tests p r e f d .  

SP 15. S e  We recommend that several sampks of the Zone 2 matuial should be 
S. obrained by the engineer from smkpiles during the pmashg and tcstcd in the laboratory to 

confirm the Conhadors testing as a QA function; testing should include galation and 
laboratory permeabiliry to confirm the material complies with the minimum design 

\ EqUhUl~nt l  pi0r t0 t ran~po~~ D Be rite. 
, 

9 16. In - Place Densitv ' ~ S L  The nuclear gage tests for density and moisture must be 
confirmed pexiodically using sand cone and oven moisture content; delineate the frequency of 
test coniirmation in the Quality Assurance section. We prefer that you delete 'Alternative 
methods of M t y  aud moisture content determination may be used at the discretion of the 
Engineer', unless it is clarilied that any alternatives must be approved by ADWR. Also ab 

specify the relative testing locations and minimum frequency for all materials in a Quality 
Assurance section which is to be used by the engineer; you may indicate that 'additional 
twting locations and frequency shall be at the discretion of the Engineer". 

SP 16. Tide; Should the tide be Measurement and Payment? Check other subsection titles 
for correctness. 

SP 16. P- The text does not discuss measurement. Additionally, the text 
discusses payment for the earth dam embankment and docs not d k u s  pedmeter or detention 3 basin fib. Both of these f l s  appear to be included in the bid lTEh4 211-1-RU. 
CONSTRUCIION (ZONE 1 MAIERIAL); revise as appropriate. 



S p  16. Para- In the fim senlenct, the first 'with' should be 'within". 

S E C T I O N 3 0 1 T r o  - N 

J D17. P- In the fint w p h ,  include a nfemce lo Won 204 for dam 
foundation preparation; Section 211 does not appear to be applicabllq. 

Itseemsthatall~ferencestosubgndepffpaationindudedin 
such as Subsection 204,6 - Foundation Prepamtion should be m d  to 

Subsection 301.2 to avoid confusion reganling what items are included as subgrade 
prepadon; it appears that measmmat and payment for all subgrade preparation is refared 
to in SECllON 301. 

Sp 1s. - ~ h  1; Reference wncrctc slutcy to S u b d o n  615.9 - Bacldilling. Clarify 
the intent and method of placing Zone 1 fill wa the soft slurry baddl, as well as the intent ' and method of e g  of the sides of the mnch and the mixing rim tho back6lL Is this 
r t  in conoin with ADWR requiremat that dl trenches excavated in the d m  foundarion ,g2 
mabskh should be completely W i e d  to the level of the dam foundation with wncrete .* 
SIurry? 

5 All existing sewer line should be removed from the dam foundation , ' S p B b y  bacldlhg the trench with slurry, if located within the dam a'' 
\ 

foundation marerials. 

SP The text indicates the installation will be Type D; are "survey 
monuments' equivalent to 'Senlement Monuments" required in the P h ,  which are shown 
as Qpe A and Type 8. Is the contractor q u i d  to a any C o p d B h t s  delineated on 
Plan Sheet 3? Revise if required. ?- 



3 SP 19.emttextrcfu~tobid-4WaprelztingtoMAGlB2,TypeB; 
revise if q u i d .  

J . n i r ~ W ~ a ~ t y ~ = x r d n i m ~ o f c o n - d r & t e d  
materials; see mual Comments. 

515 - S'J!JBL STRU- 

ans 515.1 and 5152.1 

. Ref- is to 'seitkment markers" whereas 
E ' 2 L m 5 a  is for -amtion mum; v t  
conflict. 

J snbsection 515.5 - Pain- 
\ SP 29. Title; The dash is left out of the title; check all titles and format. 

601 - TRENCH EXCAV-. BACKFILLING AND Co- 

This section does not discuss the types of bsdding or bacWll to be used nor does it mu 2 * derence other d o n s .  Is the intent to discus each specific type of pipe, bedding type, -* 
and back6U rype in stpace sections of the Special Provisions? If so, cross check each 
seaion to eonfinn that this is done. 

2- Include a yentmce that "The trench excavation in the dam foundation $ -mmt must be approved by a qresentative of Arizona w t  of 
Water Resources, Dam Safety and Hood Engineering Unit prior to placing the pipe and 
beginning any backtill." 

Include a section in the spcXcations relating to Quality Assumca and % E%ZSkndiatm w1th regmi to h e  aIIpuaion of f ie comaion for cmmize 
material, whichcvw method is used the uncorskd maximum density and material curve 
must be shown for each test.' Reference the Quality Aswance section; See General @ 

Comments. 



The di?icusbon of the correction far oversize mat& may not have been discpssed in otha 
subsections related to compaction densities. Cross check these &ON and include w h e  
applicable. 

SP 31. In the f h t  sentence, after A!3TM Cl5O add 'Type I1 or ASTM C5% 
rype 1PW)". 

The encasement mix design does not confonn to the recommended design in MAG 725.1, 
y/ Table 725, which shows the r-ded minimum requirement for encasement as Class C 
Q concrete. Class C has a minimum cement content of 420 lbs, per cu. yd. and a compressive 

smngth of 2000 psi at 28 days. Modify the mix design to conform to MAG 725.1. 

What additives, if any, should be added to the duny mix to prevent segregation of sands in 
the slurry? 

SP 31. M u d e  text indicatiag 'Trench located within the dam foundation or 
dam embankment must be appmved by a mpmcngtive of Arizona Department of Watu 

\ Resources, Dam Safety and Flood -g Unit prior to placing the pipe and begirining 
bad&L " 

The text does nor indicate the limits of the p i .  which must be backSlkd with concrete 
\! slurry; should this be included or should a reference be xnade to the Construction Plans with 

regard to the limits fot specific types of backfill? 

SP '41 P m ~ h  3; The requirement for back6lIing over the concrete encasement should 
include a minimum waiting priod of s e v d  days before back6lling is allowed. Also, where 
pipes are partially encased or have a shallow enawnat cover, at least two feet of 

d manually-compacted bacldill should be placed ovcr the concrete encasement before heavy 
0 compaction equipment is allowed to be used. Fill mated that is to be manually compacted 

should be placed in loose lifts no more than six-&+eight inches thick. Provide spccilic 
c r i d  indicating when heavy compaction equipment and colwrruction traffic is allowed for 
both the condition where the uench is fully bacldilled with concrete slurry and where the 
concrete slurry is placed to a specified thickness above the pipe. 

1 4- Granular bedding and Zone 1 mataial is discussed and thus Section 
601 should be cross mfemced under Subsection 615.1 - Description. Clarify what is 
=the text in the second xmar which indicates wRltisul. attention must 
be given . . . to ensure finn suppo~ is obtained ..." and how this will be measured in the 
tield. 

A section on Quality Assumme should be added to the spdications and refenaced here for 
concrete duny; see G e n d  Comments. 



It appears the text should indicate the payment i s  "installed and baddik l  c~mpletc'. Check 
othcr Measurement and Payment subdons for similar gaps in text. 

618 - STORM DRAIN CONSTRU- 

SP 32. Ref* to construction of the 3Ginch outlet pipe as stonn drain 
constxuction seems confusing and makes it difficult to locate this part of work udng the 
contenb of the Special Provisions. Ye5 

- It seems t&e concrete for O r t  blocks should be complacd in 
Z L Z o n 5 m .  

8 $P 33. Paranranhs 2 chrou~h & The i n f o d o n  in these m p h s  discusion of 
construction approach, pipe joints, and backfiIllng; insen appmpriate infomation in new 
subsections with the m a t e  hcadmg as provided in other sections. 

\ 

f l  33. P2.m - Intert after the last rentmoe the text 'Ihe complered ucnch must also 
be a p p r o v e d ~ k h t k e  of Arimna Department of Water -, Dam S W  .nd 

3 ~lood ~nginexing unit prior to placing the concrete thrust blocks, concrete blocks k pip 
support, and pipe, as well as prior to beginning backfill." 

8 SP 33. P m  This paragraph on granular pipe bedding b not applicable if the pipe is 
being fully encased with conurre sluny, 0" 

\J The concntt sluny is discussed for the pipe base and pipe zone ' %:A=tand FalMC desires the full depth of trench to be backlilIed with 
concrate slurry. 

4 SP 33. P- Clarify the last sentence: 'Take care to thoroughly mix the slurry into 
the walls of the trench and nmove any voids." 

u P37 3 . Title The headimg number conflicts wirh Subsection 618.2 - Ma&s and should be 
renumbered coxectly. 

SP 34. The text m%renccs the stilling basin drain pipe and list bid lTEM 618- 
2 - PVC DRAIN PIPE 98-INCH) which has a quantity of 365 feet. There is not clear 



nfetmcc to the consmaion of tk, 8-in& drain pipe in -ON 618. Clarifyethe text as 
requid for c o n .  of the 8' dmh. Mditioaaly, check ~wbetha any collfiuion 
with the work included in bid ITQd 6354 - DRAIN PIPE S Y S T E M  (4-IN- md bid ' ITEM 63S-2 - D m  PIPE s m  (12-mc~1) discoswd in SECl'XON 635 - DRAPl Q PIPE AND text on page SP 36, S u b d o n  635.1 - . . indicares'Thls 
sccrion cowrs the work aeccsary for umstxuction of the horizonral dnins under the stilling 
basin and ... cbimney drain, comple~.~.  unless there is a mtdq nason, it would 
appear d 1 e  to indude dl dnin pipe work in SECllON 635. 

SP Information 36: tbis subsection cwld be put into substxtions such as 
baddill and joints, such as inchided for other sections. 

-ON 63s - DRBZN W E  AND GEONlq 

SP 36. Title; The word "SECilON' is left out preceding "635". 

ion 635.1 - Dexn ', Subsea 'utioq 

Refer to oomments above for Subsdon 618.6. 

Subsectloa.3 - Drain q8e 

SP 37. The text refers to '4 -  and &inch ... as required'; whereas Subsection 
635.6 - Mcasuremcnt and Payment refen, to bid lTEM 635-2 - drain pipe system (12-inch). 

\3 There is also possible confusion on Sheet 8 versus Sheets 5, 6, and 15 of the Plans related to 
4-, 8- a d  12-inch drain pipe matuials. 

d SP 37. Para& The first scntQ1ce appears to describe the geonet inwnectly. 
9 

Clarify the spedfic locations whue geonet is called for on the Plans. 

SP 37. P m  Use of the term "slice" should be replaced with a clear statement of 
what'is nquired as thc product or some words to the effect that baclrfill shall be hand pkced 
cadidly against the pipe below the Jpringline of the pipe to provide full support without the 
occurrence of voids or segregated mattrials. 

Sg 37. P a r a m h  2; Modify the second yntence from 'Flatten excavation  dope^ ... to 



pmmtdirturbylceof completed... m&l.-m '~lattmtreachexcantionslopesif 
Z o n e 1 ~ i n t h e ; c i d e s o f t h e t n c h . '  

. . 
ncccuarytomaintain~ Y. 
a d d t e x ( ~ ' ~ h e c o m p l a e d t r e a c h m u ~ b e a p p m v e d b y t b c ~ e e r a a d a  
repmentilive of the Arizona Depmat  of ww ~esaunxs, Dam Safety and mood 
E n m g  Unit pdor to setting the pipe and placing the backfill.' 

Clarify whae ametc mcawment of the drain pipe is required and i n d i d  on tbe Plans. 
If concrete dwy is quirul,  reference SECllON 615. 

The text discwoes compadion of ' m e  2 mataial as required for 
d ?s pi=mney dmin:; does this 6.a to parqmph 1 or SECIlON 2111 If it is 

p a p p h  1, pahaps insating the words 'as described aboven will darify the reference. 

Y s p ~ - -  n Dek€c 'Type 1P or', and after "rype II', add 'or ASTM C595 Type 
lPWS)". 

A section on Quality Assurance testing should be added to this section to be performed by 
the E n g h a  during the work; see General Comments. 

LJ n 732.2 - Nodrink Grout 
i) P 43. P a r a w  A section on Quality ASSUMCC testing should be added to this section 

to be pcdc~med by the Engineer during the work; see General Comments. 

WATER STQE 

ion 796.1 - General 

SP 49. m m h  4; The text appears to refer to Subsedon 788.2.5 - Manual Handwheel 
Opemtor and Stem and should be movcd.and/or possibly modified or deleted. 

ents on the S d l  P r o v l s ~ o ~  . . 
;f\ A. AU pipes which ptnetrata the dam foundation or dam embankment and which are not 

\ fully ancased in concrete slurry mun comply with NRCS c r b h  for c6nstruction of 
filterfdrain sections around pipes which penetrate an earthen dam 

embankmeat. Idendfy all locations where this occurs on the Plans and provide 
sllppcneing cahlations for the downsaeam Hterldrain section. 

B. A new section should be added to the qedications that details a resting program 
performed by the (Quality Assurance) for acceptance of the mnuactor't work. 



I. Obsewadon and documeatation of the amactor's w-p and q e  
aintcol testing. 

2. Review of contmtor's quality control test d 1 S .  
i 

3. Independent m h g  of -work mamials and workmanship. 

4. h t k p d e n t  resting of concnte matuials and workmanship. 

C. The testing of earthwork mataids and workmanship by the Engineu should include 1 testing frequency and standards used. These tests include but are not nccessariy limited 
to the following: 

1. At Ieast one ASTh5 D422 Particle Size Analysis test for each lype of till matexial 
Uyd. 

2. At least one ASTM D698 Moi~Density Relationship tesr far each trpc of fill 
matezial u&. 

3. At least one ASTM Dl556 or ASThf 02922 In-Place Iknrity tr?st. and me 
ASTM D3017 or ASTM D2216 In-Place Moisture test for each s p d i e d  area 
(such 29 5000 square feet) of the embankment foundation. 

4. At least OIE ASTM Dl556 or ASTM D2933 In-Place D d t y  t&, Md  on^ 

ASTM Dm17 or ASTM D2216 In-Piace Moisture test for evay spedfkj number 
of cubic yards (such as 500 cubic yards) of fill material placed. Tmch backAU 
and backfill around structures should be ttstcd more &equcntly. 

5. If nuclear methods a used for in-place density tests. at least one ASTM Dl556 
In-Place Sand Cone ttst for every ten ASlM D29Z tests for correlation checks, 

6. If n d a r  mezhcds are used for in-place moisture tern, at least one ASTM DU16 
Laboratory Moisture Content test for every ten ASTM D3017 tests for correlation 
checks. 

7. At least one ASTM D422 M c l e  Size Analysis test for every specified number 
of cubic yards (such as 100 cubic yards) of in-place Zwe 2 m a t d  
Additionally, the minimum raquired m i l i t y  should be confitmed by 
labommy testing of samples of in-place Zone 2 material for ev&y specified 
number of cubic yards (such as 500 cubic yards). 

I). The testing of concrete mata ia ls  and workmanship by the Engineer should include 
tesling frequency and standards used. Thcse test9 include but are not necesoarily limited 
to the fonowing: 



1. Malting and testing ammte test cylinders. Number and kquency of &g 
conaete cyhdem should be specified. Testing should be in ~ C C O ~ ~ ~ I W  with 
ASTM C39 at a testing facility chascn by the Engineex. 

2. Perform one dump test (ASl'M C143) at spedfied frequency, such as every 
truckload of concret.. 

3. Paform one air content &st (ASTM (231) at a specified fhquency, such as 
everymlckloadofconcntc. 

E. The results of the site and laboratmy mts must be submitted along with copies of daily 
fidd npotts sunmaxizhg the construction activities. The daily repom should 
qiedfidy discuss CompIeted wark qpmvd by the engineer, aa Wen as actioas taken a+ 
to rcmcdiatc work which initially did not meet minimum q d b t k m s .  ConstruUi~~~ 
fidd reports should be submitted daily or weekly, depending on the nte of pmgnss. 

F. Whether the oversize matnial d n  for compaction tests is made to tho marerial - 
maximum d e w  or the tut W t s ,  the unconected maximum density and material &v 
cunc must be shown for each test and included in the field reports. 

\ G. All testing ruults are required as part of the Construction Report, which must be 
&,, 

submitted after completion of construction. 

H. We suggest that monitoring of the rewa line be i n c a r p o d  into the 0 k M plan 
during p a i a I s  of flood w a k  detention to detect leakage of memoir flood wattr iato 3 
the se%r line, if any seals are not water tight on the sewer or manholes located within 
the limits of the flood pool. 

REVIEW CO- ON TEE CONSTRUCTION DRAWINGS 

1. Incoqmate any additional revisions to the Plans where required as a result of ADWR 
comments on oula project documents. 

2. What is the engineer's intent to control upstream and downstream slope erosion on the 
dam embankment for the ~mtection of the dam erst? Emsion is Ukdy during rereution 
puiods as well as muking from runoff of pmipitation. The grading-&ear thZ 
abutments should be sloped to avoid concenaated flow in the groin areas of the dam, 
both upstram and dow&mm; erosion proteaion should be provided if concepwted 
flow is anticipated. Erosion protection of the detention basin slde slopes is also 
recommended where. concenaated flows are W y  to mter the detention basin f3om off- 
site areas. 



1. Sheet 7. 

a. The Station is shown for begin dam but om is not shown for end dam. 

a The symbols for the Settlement Matkers appear to be reversed fbr Type A and B. 

0' a Note 4 should also nfes to Section 204 of the !$e&al Provisions for dam 
foundalion prepadon. 

0' a. The 36-inch RCP should also be b e c ~ a a e l e  encased downstream of the chimney 
drain as well as upmeam of the chimney drain. 

b. Detail 11: This detail shows &inch minimum mch damnee on each side of 
& he  3 c i  RCP. n i s  el- provides inadequate working s p  for pipe 

placement and clean up in the tra~ch before placing bacldiU Uemnce should be 
at least 12 i n c h  on each side of the pipe. The USBR in 'Design of Small 
Dams' recommends at least 18 inches of working space on each side of a pipe 
laid in a trench. 

4. Sheet 8; 

# a. In the Plan view, the chimney drain pipe and chimney drain outlet pipes are . 
shown as 12-inch PVC. 'Lhis d c t r  with Sheets 5, 6 and 15 which show these 
pipes as &inch PVC. 

% ' b. The six-ft, chain link fence mss the upstream end of the spillway apron should 
h 

G be removed and the spillway fence extended down the upstream face of the dam 
in the manner of the spillway fence at Sunse! Dam. This will place the top of the 
chain link fence below the devatitm of the spillway apm and avoid the need of a 
break-away fence &on aaos the spillway entrance. 

k a. Detail 103: Indicate an animal guard wet the outlet end of the 4" PVC subdrain Q Pipe. . 



b. Section FF: Gmmmposite dnin mataial h called fix whereas thc Spedal $d R a i d n ~ a O l h - ~  

a. Potential differential sealemcat ktanen the .outlet pip and the intake stmcturc 
should be consided and details moditied, if required. 

b. Review the details for location of canaac'bxy backfill and add where 
appmpmm 

c. The flow at the inlet will be very hubdent when the slide gate is opened; review 
this condition and modify the entrance, if requid. As opposed to the conctete 
trausition shown in Section RH with the flat &elf on each s& of the inlet 
srmctun, would it be benefkhl to mmitbn the concrete fill smoothly up to the 
topofthesidedoftheinlecstruchrrc? Isthissufficient? 

a. Section JJ: The labels for d o n s  IM and U are reversed. 

b. Section JJ: Review the latgal extent of the Zone 2 material klow the outlet 
dischatge s-, it appears the Zone 2 mat& should end at the upstream end 
of rhc outlet discbarge stmcbm. Additionally, review the detail for the . . tammahn of the slurry conate encasement ofthe 36" RCP outlet pipe; it 
appears that the pipc encasement should extend downstream to the outlet 
clischarge s t r u e  

c. Potential diffexential settlement between the outlet pipe and the outlet pipe 
structure should be considesed and details mdified, if required. 

g. Sheet 1% 

a Detail 107. The eight-inch drain pipe pen&ates the stilling basin wall at an 
elevation which is above the ipvut elevation of the sump. IS this the d&@a's 
intent? What is the purpose of the sump? 

9. Sheet 15; 

a. Section Q: Clarify the intended boundary for the inside limit line for the 12-in. 
(Typ) dimension. 

b. Section 8: Clarify the intended boundary for the inside limit line for the 6-ia. , 

(Typ) dimeusion. The 6' cluunnce seems too small for access of compaction 
equipment. 

c. Detail 1: Cut a typical section for the perforated section of the chimney drain 



pipeandtmchandjncludehontbisshcet. 

d. Detail 2: The chimney drain wiU not be free drainiPg at this section; miew the 
~ Q b ' J i t y o f ~ g t h e ~ d m o f ~ e y d r a i a t o b e l o c a I c d  
above thc outlet pipe, or hvming the eatire drain; othu altematives which allow 
fun drainage of the pipe by gravity may also be acceptable. 

a. Detail 7: The c~ncretc slury encasement should cxtend to the base of the dam 
foundation; a minimum cover and curing time perhi critaia should be h d h t d  
b e f a  access is allowed far heavy compaction and comtmction equipment. 

b. -8: The Plan indicate Detail 8 for aeach baddin asocbtd with the 
abandonment of the sewer onlv -lies to the first 50 feet dowmhram from the 
~ a p p e d ~ ~ n o f ~ ~ ~ v e t p i ~ ~ D Z i a i l ~ r b o u l d ~ ~ ~ f o a a l l s s t i ~ ~ ~ ~ f t b e  
abandoned fewer lmch lcutcd in the foot-print of the dam. 

c. Sheet Tile: StiJling Basin i.9 misspelled. 

REVIEW COMMENTS ON TB[E FlNAL DESIGN REPORT 
\ 

1. Incorporate any additional mirions to the Plans where raquir%i as a result of ADWR 
comments on other project documenu. W c  have not reviewed the report for editorial 
comments or designated each spwific section which will require d o n  to accomodate . . 
all review comments. 

2. Executive Summary, Page ii, Paragraph 1: The text indieares the dam should be ' ... 
founded on cemented or very dense sand." e n c o u n ~  below the recent alluvial 
deposits. Define foudationuiteria as previously discussed. 

3. Test Pits, Page 3-3, Paragraph 1: The ten M i  that the test pits arere 5' to 18' deep 
whereas the third pagraph hdicates the maximum depth of the test pits was 20'. 

4. Test Pits, Page 3-3. Paragrpph 3 Thc text indicates that the depth to cemented layer 
varied up to 16' whereas the next wtena idcaw that the cemented layer was not even 
encountered in some test pits which artended to 20'. 

5. Infiltration Testing, Page 3-4 and 3-5: The text docs not discuss the type@) of matuials 
repmented by the testing or what permeability chamcrexisdc~ were as9igned to rhe 
marea.9. 

6. Dam Type, Page 36: Expand on the d M t y  of the chimney drain in the 
embankment. Is it required to control the phreatic surface below the spillway chute 
gndlor is it required to conml any potential piping of the embankment assa iad  with 
embanhnent rrackinp? 



7. Table 3-2, Page 3-7: The table does not umtain all of the d t s  of the labaratmy tests 
perfond for the pn$ect whicb zue included in the (kowhid Repoa, Volume 1. 
This ir true for the same table included in the Geotechniral Repon 

8. Dam Consnuction. Page 3-9: 'he discdon relates to tke resub of the dope stability 
calculations & the Gmteclmical Report, Volume 2. Refer to comments 
provided in this review ktte~ for the Gmtechnical Repoh 

9. Dam and Spillway, Page 6-1, 'Ihird Bulls Item: Qarify the indicated &foot of over 
excavation for thc hmdation. 

10. Appmdix B, Landscaping: Seed mix for the dam embankment should not include any 
deep rooted, spedes; the text dots not rpcificaly indicate this as a criw review the 
mix and revise ifrequixed. 

11. Appeadk C,  corn^, Hydrology: Refer to INITIAL REVIEW COMMENTS, 
m G S  AND DISCUSSIONS, Itan 3. 

12. Appendix C. C o m ~ o n s ,  Spillway: Refer to INlTIAL REVIEW COMMENTS, 
MEETINGS AND DISCUSSIONS, imu 4 and 11. 

13. Appendix C, Cornputitions, Structural Calculatim: 

The caldations indicate 2 inches of cow against earth wh~cas ACI Code, 
Section 7.7.1 r e q h  three inches of cover for "Conaete cast agalnst and 
permanently exposed to earth ...'. Our review indicates a krga area of 
reinforcing steel is required if the wall thickness is maintained and the three 
inches of cover is provided. Review all wall calculations and revise a0 
req-, provide a copy of the calculations. 

It is not clear from the design computations on Page 1 and the conwponding 
wall Secdm DD on Plan Sheet 9 whether the slab and the side walls wil l  built 
as a single structuxal u n i ~  If then is a joint provided behwen the wall and 
the slab, we question including &he weight of the conczete slab (wf) as one of 
the components of the resisting moment. Clarify and rwise, if required. 

The design ass- drained conditions and a subdrah system is included. 
Calculations were not provided for the drain oukt spacing, thiclmess of drain 
material, and capacity of system; provide a copy of the caldations. 

Only two cxpanrion join0 are shown for the spillway; is this ~~t for the . 
dhmsiow as designed? Review a11 structures far eJcpanoion joints and d, 
if required. 

b. Entrance Apron Side Walls: 
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The design assumes drained conditions; ho-, a subdrain ~ y k  is not 
plovided. W e b e I i c v e c h e w l l l s a r Z U n o t d r a i n a t t k s a m c ~ a s ~ ~  
level in the spinway, Thru, we require a d k  hydrostatic 
loading and i fh  be used ia the design of the walls. 

c. StillingBasin: 

WhatisfactotofsatryagaimuslidingdutlngspiD~anycpeation~~a - toe; provide calculations. 

Computation for the design of the 13-foot-high side wall (Section EE, Plan 
Sheet 10) was not furnished; provide a copy of the calcuIaIi011~. 

The design uumm drained conditions and a subdrain system is included. 
~ o n s  were not provided far the drain outlet spacing or thickness of 
dnin ma-, provide a copy of the caladations. 

~suWrains~isnotfnedraintrganddtt instveral fcetofupl i f t  
agatnstthebascofthestUingstilling. WeareconeernedabolltpluggingofUle 
drain and rccomnrcnd the drains be extended to a manhole s t r u m  to - .  Inamtam gravity flow. 

The text indicates an active pnssutc of 60 pcf per foot of depth whereas the 
value appears to be at-rest pressure. 

The text indicates the soil unit weight is I15 pcf; we note this is a dry unit 
weight. 

Provide ovaburden loading and factor of safety calculations for the 8' 
diameter PVC pipe outlets from the chimney drain. 

We arc continuing our review of the structural calculations and will provide any additional 
comments as soon as possible. 

REVIEW COMMENTS ON TEE GEOTECENICAL REPORT (VOLUME 1 AND 2) 

1. Incorpmate my additional misions to the Repon where rrquired as a result of ADWR 
cornmeats on otha dect doamats. W e  have not reviewed the report for editorial , 
comments or designated each specific section which wil l  require revision to acum0dat.e 
all review comments. 
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1. Table 3-2: 

This table d m  not include all the testing resulu pmvided in this ~ I u m e ;  mise 
as required. 

Q/ .rhC soil clasili- do not appear to incorpar?ee the information provided by -, 
thegrainoizetenr;nvirasn~uind. 

2. Test Pit Logs and Boring Irogs: 

The logs do not contain geological infomation regarding the contact between the 
upper and lowex alluviums; add this information. 

What method was used to obtain the elevation shown on the logs? 

The Mohr Failure Envelope for the CU-PP triadal test on a soil sample from TP- 
15, B1 does not include the effe~live stress envelope; m e  both the total stress 
and effective stress envelopes based upon using the ratio of Sigma 1 to Sigma 3 to 
daamiae the maximum strength for each c~nhning pressurn. Use this ratio for 
theWtchxialteNaswd. 

1. Seismicity: 

Our review indicates the value of 0.1 g selected for a local peak d&p 
accekaation is acceptable. 

2. Slope Stability Analysis: 
3" 

Provide additional discussion regarding each care analyzed and the selection of 
the strength parametas used. In particular, review the strengths used for the 
seismic and mid drawdown cases. It appears the effective shcss strength of 40 
degrees was used in each analysis whereas Earth Dams and Reservoirs, Technical 
Release No. 60, USDA, SCS (Revised Oct. 1985) indicates limiting strcngtbs 
should be used. 

The selection of s-th did not appear to consider the CU-PP or W triaxial twr 
results; review the data and provide justification or revise as required. 

3. Seepage Aanlysis and Chimney D& Gradation: 





Refer to comments on the seepege analysis and WId~ain design criteria 
pawidcdin thisrevicwleaerfor theSpedalPmvbhs. 

8 The analysis uses elastic t h w ,  does it consider data for dam 
lo embdan~nts which may suggest somewhat larger m t  may nsulb Review 

and commmt. The text mrnd au wabuild of 6 i n k ,  this dots not 
appear to have been incorporated in the final design Plans; review and commmt. 

We are completing our d e w  comments on the Geotechnid Repoa (Vol. 1 And 2) and 
will forward any additional comments as soon as possiblee 

We look forward to rrcdving your revised documents and wiU complete our review and 
cornmen& on the final documents as soon as possible after we receive t b a .  Mr. Jon 
Benaiot of the Safety of Dams and Flood Engineering Section has primary lesp~dbEity for 
review of your project. You may contact him at (602) 417-2400(ex 7191) if you have any 
questions. 

vWill$n C. Jenkins, P.E. ' 

Dam Safety & Flood E n p i n a g  Unit 

cc: Mr. Steve Walker, CfaM HILL 
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ARIZONA DEPARTMENT OF WATER RESOURCES 
Dam Safely and Flaod Mitigation Section 

500 Noah 3d Sttag P h d  k i z a a  85004 
Tcl- (602) 411-2445 

Fax (602) 417-2401 

May 2. 1995 

Flood Conpol District of Madcopa Couuty 
2801 West Durango Street 
Phoenix. Arwna 85009 

Mr. Michael Lopa 
Project Coord'mtor 

J wrb 
Subject: C-dro Wash Dam (07.65) 0 '10 / 

Application Review Comments 

Dear Mr. Lopez: 

The review comments provided in thii letter arc follow up to the commem9 provided in the ADWR 
latu dated April 27. 1995. This complexes our review cornmsnts on the projea docnmcntz that we 
have received to date. These co- should be taken in the same comexr as those of April 27. 

gEbTJSW COMMENTS ON THE SPECIAL PROVISIONS 

Subsection 640.6 - Sediment Control 

SP 40. Paraermh 1; Idenrify where Division 1. GENERAL REQUIREMENTS is included in the 
Project Documents.- 

REVIEW COMMENTS ON TEE CONS'RUCTION DRAWINGS 

a. Section 110: Revise the top rebar overlap detail to match the lower rebar detail. 

REVIEW' COMMJ3NTS ON THE FINAL DESIGN REPORT 

1. -es Desien 
'. 
, 

_,* 

a. Detention Basin Outlet, Page 2-11: The capacity of the 2' x 2' && outlet is not 
discussed with regard to dimensions or capacity. This information should be included in the 
report and appropriate discharge guidelines included for operations. 



We look fommd to rewiving yolzr revised docmeats and will compl& our miew and comments on 
thac final documents as soon as possible after we receive them. Mr. Jon Bendst of the Ssfety of 
Dhms and Flood Enginwing Unit bar primary responsibility for review of your project. You may 
wntact him at (602) 417-240qez 7191). if you have any quesokns. 

Chief 
Dam Safety & Flood Engineering Unit 

cc: Mr. Stwe Walker, CHZM HILL 

Page 2 



ARIZONA DEPARTMENT OF WATER RESOURCES 
MAY 1 9 1995 

Dam Safety and Flood Mitigation Section c H 2 ~  N I ~ ~ ~ ~  
500 N o d  3rd Street. Phoeoix, Aritonr 8M04 

Telephone (602) 417-2445 
Fax (602) 417-2423 

May 16, 1995 

Flood Control District of Maricopa County 
2801 West Duraogo Street 

0 
PIPeSYbmX.?ON 

Phoenix, Arizona 85009 ~ a ~ n o r  

Attention: Mr. Michael Lopez 
Project Coordinator 

Casandro Wash Dam (07.65) 
Application Review Comments 

Dear Mr. L o p :  - 
The review comments provided in this letter are follow up to the comments provided in the ADWR 
letters dated April 27 and May 2, 1995. Although we believed our review of the projeqt documents 
that we have received to date was completed with our letter of May 2, revisiting the documents has 
prompted the additional comments included in this letter. These comments should be taken in the 
same context as those of April 27 and May 2. 1995. 

\ 

REVIEW COMMENTS ON THE SPECM PROVISIONS 

SECTION 505 - CONCRETE SIXUCTURES 

Subsection 505.6 - Placing Concrete 

Paracraoh 4 (SP 251: The next to the last sentence indicates "provide intermediate construction joints 
at maximum spacing of 40 feet." Provide information supporting distances greater than about 
30 feet. 

SECTION 601 - TRENCH EXCAVATION. BACKFILLING AND COMPACTION 

Subsection 601.2.1.- General 

1 (SP 3@: Modify the last sentence to indicate ". .. with bedding of the type specified; 
slurry backfill will be used to correct overexcavation where slurry backfill is specified." 

Paraeraoh 2 (SP 301: Modify the first sentence to indicate 'For all pipe crossings .within the dam 
foot-print, ..." 

SECTION 615 - SEWERLINE CONSTRUCITON 

Subsection 615.1 - Description 

Paraeraoh 1 ISP 3Q: Reference the " 12-inch diameter" of the DIP. 



SEmoN 618 - Sn)RM DRAIN CONSTRUCIIOPl 

Subsection 618.2 - Matwials 

1 (SP 32): The first sentance i n d i e  the "Reinforced concrete pipe shall be in accordauce 
with Section 735.". Referring to Section 735 indiqtes that this RCP pipe appears to be 
typically used for non-pressurized flow conditions. Confirm that this type of pipe is 
appropriate as the principal spillway mild conduit at Casandro Wash Dam: that the p ' v  and 
gaskeei will function adequately when pressure tested and that adverse pressures wiU not 
result in the outlet during operation, including when the 2' x 2' gate is fully open. Also 
confirm that maximum cover limits for the class of pipe are not exceeded. 

Subsection 6183 - Construction Methods 

Move this subsection to follow Subsection 618.2.1 - Testing. 

P a r a m h  3 (SP m: Delete this paragraph since granular pipe bedding will not be used for 
construction of the Winch RCP specified for the principal spillway outlet; all material placed 
in the clean t zp~& will be slurry bacW1. 

E m m ~ h  4 (SP 33k Specify that interior joints "greater than 318-inch" are to be sealed and filled 
after water testing. 

Subsection 6182.1 - Testing 

paraerauh 1 & 2 (SP 33) and Paramaoh 4 (SP 341: These paragraphs may be more appropriate in 
SECTION 735 - REINFORCED CONCRETE PIPE. 

Should the diameter of the pipe be referenced in this section? 

Subsection 735.4 - Materials 

Paramaoh 1 (SP 44): ASTM C76 references several classes of pipe with a different Wall B design 
and D-Load for each class of pipe. The D-Load is not included in the Special Provisions. 
The Final Design Report. Page 6-6, indicates a D-Load of 18,000 lbslfoot which does not 
appear to correspond to any pipe class shown in ASTM C76; is the intent to require a special 
design? Clarify and insert the required D-Load into the Special Provisions. Also clarify the 
D-Load to be used in the design in relationship to anticipated loadiig conditions, including 
cover andlor traffic. 

FLY ASH (SP 49: This heading is the only headiig in this subseaion except for."Conaete Pipe 
Joints" (SP 46); each headiig is constructed differently and disrupts the organization of the 
subsection. 

C-461: This paragraph indicates "Free movement of water throu&h the pipe 
joint or pipe wall will be grounds for rejection of the pipe." Specify what is considered to be 
"free movement"; also clarify testing to be completed at the point of manufacture and in the 
field. Field testing should be described in Subsection 618.2.1 -Testing. 

May 16, 199s 
W.65) C o r d  W a h  Wl6) 
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740 - DUCllLE IRON PIPE 

S~ould the 12-inch diameter of the pipe be referenced in this section? 

Subsection 740.2 - Materials 

The Final Design Repoa indicates that DIP is typically used by many MAG communities for 
sanitary sewer pipe. Accepting this -at, we were not able to find a MAG specification 
for this type of pipe in use as a sanitary sewer pipe; clarify. Additionally, we need a copy of 
applicable ANSI and AWWA specifications quoted in the Special Provisions. 

h a m a o h  3 6 P  4Q: The second sentence indicates a "Thickness Class 50 shall be used.", where as 
Page 65 of the F i  DesignReport indicates a "Class 51"; clarify. Also confirm that the 
pipe complies with the D-Load of 18,000 lbsifoot, indicated on page 65  of the Final Design 
Repoa; clarify the D-Load to be used in design of the pipe in relationship to anticipated 
l o d i g  conditions, includiig cover andfor traffic. 

REWEW COMMENTS ON lTiE CONSTRUCTION DRAWINGS 

1. Sheets 5. 6 and 15 

a. The following comments are made with regard to the 8" diameter internal drain laterals 
and outlets for the Chimney Drain: 

i. A plan view of the internal drain is not provided; we recognize this may not be 
essential for intent of construction but it is preferred by ADWR to avoid 
misunderstandings during construction; an as-built plan of the drain will be 
required upon completion of construction. 

ii. The internal drain does not include provisions for clean-out access in the event the 
laterals or the outlets collapse or become plugged. 

iii. The internal drain is located at the elevation of the existing grade and exits into the 
spillway chute several feet above the bottom of the stilling basin; clarify design 
intent. 

iv. The internal drain pipe is specified to be PVC. Provide information supporting the 
long term use of this type of pipe in a dam embankment; we are concerned that 
since the pipe is located deep inside the dam, it would be very difficult and costly to 
replace if it were to become plugged or lose strength with time and collapse. Other 
materials such as HDPE or AC pipes may be more easily justified for long term use 
in the dam. We note that MAG Specification 605. Subdrainage does not include 
plastic pipe. 

v. We note that MAG Specification 605, Subdrainage includes a performance test. The 
Special Provisions should include reasonable specifications for cleaning and testing 
of the internal drain system prior to backfilling of the pipe. 

vi. The internal drain outlet section of solid pipe is separated from the perforated 
laterals by a four-foot section of concrete slurry acting as a plug in the'trench (Sheet 



15. Detail 1). The plug forces the seepage from the chimney drain into the solid 
outlet pipes and prevents drainage along the side of the drain outlet pipe. This 
layout prevents dninage of the c h i i e y  drain in the event the outlet pipe fails. 

vii. Clarify the design intent and assess the safety of the dam if the internal drain were 
to fail: what is the factor of safety for stability if a l l l  phreatic surface were to 
become established in the downstream embankment. Review the drawings for the 
internal drain wnshucted for the Sunset FRS and evaluate whether deletion of the 
wnaete plug along with an inaease in the cross section of the filterldiain material 
adjacent to the outlet pipe provides additional warranted benefit and wnfidence in - -  - 
the long tenn performance of the internal drain. 

a. Stilling Basin Section PF: Based on Wall Section EE, the rebar in the bottom slab of the 
stilling basin is #8@6' top and bottom; confinn that this is the design and clerify on the 
dcawiig if required. The rebar is not specifically shown for the slab in the downstream 
ramp of the stilling basin; derify on the drawing. Additionally, review the drawings for 
the steel layout in the Sunset FRS stilling basin and evaluate whether the large amount of 
steel p l a d  in the top of the basin slab is warranted for Casandro Wash Dam. 

We look forward to receiving your revised documents and will complete our review and comments on 
these final documents as soon as possible after we receive them. Mr. Jon Benoist of the Safety of 
\Dams and Flood Engineering Unit has primary responsibility for review of your project. You may 
contact h i  at (602) 417-2400(ex 7191), if you have any questions. 

Sincerely, me- 
William C. Jenkins. w 
Chief 
Dam Safety & Flood Engineering Unit 

cc: Mr. Steve Walker. CH2M HILL. 
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