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SUBJECT

This technical memorandum has been prepared as you requested during our .
ADOT monthly meeting held February 8, 1988 for the Estrella Freeway Route

Location Study.

General

As described in our previously submitted reports, the Cotton Lane section
of the proposed Estrella Freeway is impacted by sheet flow runoff
originating primarily from agricultural fields located upstream to the
west for the portions of the proposed alignments north of Interstate 10
and upstream to the east and west for the portions of the proposed
alignments south of Interstate 10.

The alignment segments extending between Interstate 10 and Bell Road
present a challenge in the preparation of an acceptable drainage design.
This is the result of a lack of readily available, logical downstream
points of drainage conclusion having adequate capacity for interfacing of
drainage improvements associated with freeway construction. Under
existing conditiaons, sheet flow runoff sxmp]y passes southeasterly across
the alternative freeway a11gnments with various diversions and
concentrations of flow occurring along segments of Cotton Lane, along
Tocal irrigation ditches and berms and at arterial street intersections.
Drainage facilities downstream to the east of the alternative alignments
are either inadequate or non-existent with respect to their ability to
control sheet flooding.

The alignments extending south from Interstate 10 to SR 85 generally
reside in a topographically low area (or depression), and it becomes
necessary for intercepted drainage flows to be collected and accumulated
along the alignments and conveyed south for eventual discharge into the
Gila River, roughly 1.25 miles south of SR 85. Since the alignments
generally extend southward along the topographic depression within the
area and, given the proximity of the Gila River as a logical point of
outfall, the drainage design alternatives, though expensive, are
reasonably straight-forward south of Interstate 10.

This technical memorandum compares selected overall drainage design
concepts for the Cotton Lane section of the Estrella Freeway for your
review and consideration. The drainage design concepts presented herein
have been referred to in our recent meetings as the “"pass-thru",
"continuous channel", and "continuous channel with on-line detention®
concepts. Also, per your request, a brief discussion is provided with
respect to drainage design considerations for the interim roadway.
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*Pass-Thru" Concept

The "pass-thru" drainage design concept has been represented to date as
the preferred drainage design associated with the various alternative
freeway alignments. The "pass-thru" concept simply attempts to allow
existing drainage conditions to prevail downstream of the freeway

alignments after freeway construction.

For the freeway alignments north of Interstate 10, sheet flow runoff
entering the freeway corridor from the west is presently intercepted and
collected within Cotton Lane (which is typically a depressed roadway) or
along ditches and berms to the east and is conveyed southerly to arterial
street intersections. At most arterial street intersections there is an
abrupt rise in grade which results in the eastward diversion of collected
drainage flow and subsequent continued conveyance to the east within
arterial street rights-of-way. Downstream to the east, the arterial
street rights-of-way generally have a very limited capacity, and collected
flows will spill into adjacent fields to the south and resume a sheet flow
condition. Presently, the streets and properties downstream to the east

‘of the freeway alignments are subject to a high potential for flooding at

various shallow depths.

The "pass-thru" design concept consists of the construction of interceptor
channels along the west side of the freeway alignments to intercept and
convey sheet flow south to appropriate arterial street intersections.
Generally, these collected flows will be drained into proposed detention/
retention facilities for attenuation purposes and then conveyed easterly
underneath the freeway alignments in culverts. Culvert flows will be
discharged into proposed channels that will transition, over a distance of
several hundred feet from a 50-year design capacity to the existing
capacity within arterial street roadway shoulders and ditches east of the
freeway alignments. Hence, released flows are allowed to spread out and
resume their natural sheet flooding conditions downstream to the east of

the proposed freeway.

Minor flood contraol benefits will be realized by virtue of the delivery of
collected runoff into the detention/retention basins, however, due to the
volumes of runoff present, actual peak discharge attenuation is not
substantial. The main function of these facilities will be to compensate
for additional runoff generated by the roadway surface itself and for
reductions in watershed times to peak induced by improved conveyance
resulting from the construction of upstream interceptor channels.

South of Interstate 10, the drainage design is proposed to consist of
interceptor and collector drainage channels extending southward along
either or both sides of the freeway alignments with all runoff combining
into one outlet channel that will extend south for delivery of all
intercepted runoff to the Gila River. The 50-year outfall discharge is
estimated to be roughly 820 cfs. Culvert crossings of arterial streets,
driveways, and the freeway itself are required along channel alignments.




The estimated construction cost for drainage improvements associated with
the "pass-thru" concept, including right-of-way, is roughly $27 million
dollars. This drainage design concept is substantially less expensive
than other concepts evaluated and is recommended as the most
cost-effective alternative. However, this concept offers little benefit
in solving an overall drainage problem in the area. Further, there is a
potential for future 1iability to exist as a result of continued
downstream flooding, even though the proposed drainage facilities will
maintain or reduce the extent of downstream flooding from a technical

perspective.

"Continuous Channel" Option

The "continuous channel"” option provides a means of satisfying the
drainage design requirements associated with the freeway while jointly.
providing a flood control solution to a regional drainage problem. This
design option simply consists of the construction of a large interceptor
channel to collect the substantial majority of runoff contributing to the
freeway alignments and convey it south for ultimate outfall delivery into

the Gila River.

From Bell Road south to Interstate 10, a continuous channel would be
constructed along the west side of the freeway alignments, graduating in
size as it extends southward to accommodate increasing accumulated flows
originating from watersheds extending upstream to the west. Drainage
crossings of all arterial streets and selected driveways and other access
points would be required. The drainage system south of Interstate 10
would correspondingly need to be enlarged to accommodate the accumulated
flows from upstream watersheds north of Interstate 10 to create a primary
drainage channel which would continue southward for delivery of all runoff

to the Gila River.

The total accumulated 50-year peak discharge at the Gila River would be
roughly 9,352 cfs under the "continuous channel" concept, which compares
with a 50-year outfall discharge of 820 cfs collected from local
watersheds under the "pass-thru" concept. At the outfall point for
drainage (the Gila River), neither of these discharges is expected to have
an adverse downstream impact due to the capacity of the Gila River
floodplain area and significant differences in times to peak for the two
systems (i.e., the Estrella Freeway drainage improvements will discharge
into the Gila River long before arrival of the flood peak for the Gila
River itself). Lastly, under natural conditions, all collected runoff
would eventually drain to the Gila River in the general area, but at
slightly different outfall locations.




On July 6, 1987 CBA staff met with the staff of the Flood Control District
of Maricopa County (District) to discuss the Estrella Freeway alignments
and relevant drainage design concepts under investigation. During this
meeting, the staff indicated their desire to have a "continuous channel"
option evaluated, due to the significant flood control benefits that could
be derived by various public and private properties and improvements in
the area. CBA indicated during the meeting that preliminary evaluations
had resulted in a conclusion that the "continuous channel" option was
significantly more expensive than the "pass-thru" design solutions
presented. Staff indicated that the District may consider contributing
towards the cost of drainage improvements in order to help make the
"continuous channel” option feasible; however, they acknowledged that, at
the staff level, they did not have the authority to commit funding.

During the January 14, 1988 public hearing for the Cotton Lane section of
the Estrella Freeway, I had another opportunity to discuss the drainage
design with District staff and they reiterated their interest in the

"continuous channel” option.

We have estimated that the cost of construction of drainage improvements
associated with the "continuous channel” option is roughly $48 million
dollars, including right-of-way costs.

"Continuous Channel with On-Line Detention* Option

This option is a variation of the "continuous channel" option which
incorporates on-line detention/retention facilities at Peoria Avenue,
Cactus Road, and Waddell Road. Construction of these detention/retention
facilities would sTow the flood peak for the most distant portions of the
watershed and correspondingly reduce their contribution to the overall
downstream flood peak. Compared to the "continuous channel™ option,
construction of these facilities would attenuate the 50-year outfall
discharge of the Gila River from 9,352 cfs to 7,071 cfs. This reduction
in peak discharge would correspondingly reduce the size of the primary
flood control channel, the size of drainage structures at street and
driveway crossings, and the extent of right-of-way required for the
drainage design. This reduction in costs for primary drainage
improvements would more than compensate for the additional costs
associated with construction of the detention/retention facilities.

The cost of drainage improvements associated with the "Continuous Channel
with On-line Detention" option is approximately $41 million dollars,
including right-of-ways costs.

Interim Facility

The interim facility would extend from SR 85 to Grand Avenue, including
the portion extending northerly from Interstate 10 through the area where
sheet flow conditions present the greatest difficulty in providing
reasonable drainage design solutions to accompany freeway construction.
Sheet flow conditions in this problem area inhibit the ability to
construct drainage facilities that do not significantly alter existing
downstream flooding conditions, unless sophisticated measures are employed
such as those associated with the "pass-thru" concept. The "pass-thru"
concept provides a 50-year return period level of protection, plus
freeboard to account for greater storms and hydraulic irregularities. The
cost of implementation of the "pass-thru" concept as stated previously is
roughly $27 million dollars.




A 1-year or 2-year return period event could probably be accommodated and
a drainage design level of protection afforded for the interim roadway at
a very minimal cost. This design concept would consist of minor grading
along roadway shoulders and low flow cross drainage structures at
intersections. The degree of drainage improvements suggested at this
design level of protection would not be sufficient to significantly alter
the natural sheet flow conditions, and thus, sophisticated channel and
detention/retention facilities are not included. The cost of this minimal
level of protection for the interim roadway has been estimated to be

roughly $900,000 dollars.

Unfortunately, in dealing with levels of protection between the 1-year or
2-year event and the 50-year event, significant alterations to natural
drainage conditions would occur that would need to be accounted for in
design. By properly accounting for these alterations in drainage
conditions, the cost of drainage improvements associated with the interim
roadway would be significant. Thus, in our opinion, the "all or nothing"
principal should be applied in evaluating a drainage design for the
interim roadway. If drainage improvement costs are desired to be kept at
a minimum, the level of protection should be kept at a minimum ( i.e,
1-year or 2-year return period event). If a greater level of protection
is desired, it is recommended that the drainage improvements associated
with the sophisticated "pass-thru" concept be constructed now, as opposed
to later, to avoid the obliteration and waste of expenditures associated
with upgrading previously constructed facilities to a 50-year design level
during actual freeway construction.

Given the nature of sheet flooding conditions impacting this area,
flooding of the interim roadway, though a nuisance and a maintenance
problem, would probably not constitute a hazard to life and property due
to the shallow depths and Tow velocities associated with this type of
flooding. However, it would need to be understood that all weather
emergency access might not be available via the interim roadway during
ex%remedf1ooding conditions if a minimal drainage design solution is
selected. :

Summarz

This technical memorandum is being submitted for ADOT review,
consideration and comment. The "pass-thru", "continuous channel™, and
"continuous channel with on-line detention" concepts are represented in
plan view on the attached, reduced exhibits, and cost estimates for
drainage improvements are provided for each of these options as additional

attachments.

cc: All task leaders
Melinda Cuff, CBA
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¢¢® PBRIDCGES --~- $850.00 per square foot of bridge crossing
[ XX R ]

EXCAVATION ~~- $2.00 per cubic yard of earthwork
sesss RIGHT-OP-WAY --- ( ) denotes cost per acre
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GRAND TOTAL FOR MILE ZJ

CHANNELS ~-~-~ $180.00 per cubic yard of gunite (excludes excavation)
CULVERTS ~--- PIPE -~ $1.00 per inch in diameter per linear foot
BOX =-- $300.00 per cubic yard of cement
{includes wing walls and rebar)
BRIDGES ~-~ 3$60.00 per square foot of bridge crossing
EXCAVATION --- $2.00 per cubic yard of earthwork
evess RIGHT-OF-WAY --- ( ) denotes cost per acre
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CHANNELS --- $180.00 per cubic yard of gunite (excludes excavation)
CULVERTS --~ PIPE -- $1.00 per inch i{n diameter per linear foot
BOX -~ $300.00 per cubic yard of ocement
{includes wing walls and rebar)
BRIDGES ~-~- $50.00 per square foot of bridge crossing
EXCAVATION --- 32,00 per cubic yard of earthwork
RIGHT-OF-WAY --- ( ) denotes cost per acre
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GRAND TOTAL POR MILE

CHANNELS --- $180.00 per cubic yard of gunite (excludes excavation)
®® CULVERTS ~-- PIPE -- $1.00 per inch in diamster per linear foot
BOX =~~~ $300.00 per cubic yard of cement
(includes wing walle and rebar)
BRIDGES --- $850.00 per square foot of bridge croseing
EXCAVATION ~--- $2.00 per cubic yard of esrthwork
¢esees RIGHT-OF-WAY ~-~- ( ) denotes cost per acre
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.

CHARNELS =~-~- $180.00 per cubic yard of gunite {excludes excavatlion)
CULVERTS =--- PIPE ~-- $1.00 per inch in diameter per linear foot
BOX -~ $300.00 per cubic yard of cement
(includes wing walls and rebar)
BRIBGES --- $830.00 per square foot of bridge crossing
EXCAVATION --- $2.00 per cubic yard of earthwork
RIGHT~OFP-WAY --- ( ) denotes cost per acre
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GRAND TOTAL FOR MILE
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CHANNELS --- $180.00 per cublc yard of gunite (excludes excavation)
CULVERTS --~ PIPE -- $1.00 per inch in diameter per linear foot
BOX =-- $300.00 per cubic ysrd of cement
{includes wing walls and rebar)
BRIDGES ~--- $50.00 per square foot of hbridge crossing
EXCAVATION --- $2.00 per cubic yard of earthwork
RIGHT~OF-WAY --- ( ) denotes cost per acre
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® CHANNELS =-~-- $180.00 per cubic yard of gunite (excludes excavation)
®® CULVERTS --- PIPE -- $1.00 per inch in diameter per linear foot
BOX ~-- $300.00 per cubic yard of cement
(includes wing walls and rebar)
BRIDGES --~- $50.00 per square foot of bridge crossing
EXCAVATION =--- $2.00 per cubic yard of earthwork
®see¢e RIGHT-OF-WAY =--- ( ) denotes cost per acre
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CHANNELS --- $180.00 per cubic yard of gunite (excludes excavation)
CULVERTS -~- PIPE -- $1.00 per inch in diameter per linear foot
BOX -~ $300.00 per cubio yard of cement
(includes wing walls and rebar)
BRIDOES ~-- $50.00 per square foot of bridge crossing
EXCAVATION --~ $2.00 per cubic yard of earthwork
RIGHT-OF-WAY --- {( ) denotes cost per acre
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CHANNELS --- $180.00 per cubfc yard of gunite (excludes excavation)
CULVERTS ~--- PIPE ~- $1.00 per inoh in diameter per linear foot
BOX -- $300.00 per cubic yard of cement
(includes wing walls and rebar)
BRIDGES ~--- $850.00 per square foot of bridge crossing
EXCAVATION --- $2.00 per cubjc yard of earthwork
RIGHT-OF-WAY --~ { )} denotes cost per acre
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GRAND TOTAL FOR MILE
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CHANNELS --~- $180.00 per cubic yard of gunite (excludes excavation)
CULVERTS ~~- PIPE -- $1.00 per inch in diameter per linear foot
BOX -~ $300,00 per cubic yard of cemant
{includes wing walls and rebar)
BRIDGES --- $80.00 per square foot of bridge crossing
EXCAVATION --- $2.00 per cubic yard of earthwork
RIGHT-OF-WAY --- { ) denotes cost per acre
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* CHANNELS --- $180.00 per cubic yard of gunite {excludes excavation)
®® CULVERTS --- PIPE ~-- $1.00 per inch in diameter per linear foot
BOX -- $300.00 per cubic yard of cement
(includes wing walls and rebar)
¢es PBRIDGES --~- $50.00 per square foot of bridge crossing
[ XN XY )

EXCAVATION --- $2.00 per cubic yard of earthwork
sesss ' RIGHT-OF-WAY --- ( ) denotes cost per acre
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GRAND TOTAL POR MILE ________Z_J_ZQZA.E-g_O_ _________

® CHANNELS --- $180.00 per cublc yard of gunite (excludes excavation)
®¢ CULVERTS --- PIPE -- $1.00 per inch in diametesr per linear foot
BOX =-~- $300.00 per cubic yard of cement
(includes wing walls and rebar)
¢*s PBRIDGES --- $850.00 per square foot of bridge crossing
ssse

EXCAVATION --- 82,00 per cubic yard of earthwork
8888 RIGHT-OP-WAY --- ( ) denotes cost per acre
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CHANNELS --- $180.00 per cubic yard of gunite (excludes excavation)
CULVERTS =~~~ PIPE -- $1.00 per inch i{n diameter per linear foot
BOX ~-- $300.00 per cubic yard of cement
{includes wing walls and rebar)
BRIDGES -~~~ $80.00 per square foot of bridge crossing
EXCAVATION ~-- $2.00 per cubic yard of earthwork
RIGHT-0OF-WAY -~-- ) denotes cost per acre
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00 per cubic yard of gunite (excludes excavation)
~- $1,00 per inch in diameter per linear foot
~=- 2$300.00 per cubic yard of cement

(includes wing walls and rebar)

BRIDGES ~-- $30.00 per sguare foot of bridge crossing

EXCAVATION --- $2.
RICHT-OF-WAY ---

00 per cubic yard of sarthwork
{ ) denotes cost per acre
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ESTREBLLA PREEWAY
DRAJNAGE COST ESTINATES FOR MILE
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CHANNELS --- $180.00 per cubic yard of gunite (excludes excavation)
CULVERTS ~-- PIPE -- $1.00 per inch in diameter per linear foot
BOX -- $300.00 per cubic yard of cement
{includes wing walls snd rebar)
BRIDGES ~-- $50.00 per square foot of bridge crossing
EXCAVATION --- $2.00 per cubic yard of earthwork
RIGHT-OF-WAY --- ( ) denotes cost per acre
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CHANNELS ~--- $180.00 per cubic yard of gunite (excludes excavation)
CULVERTS --- PIPE -- $1.00 per inch in diameter per linear foot
BOX -- $300.00 per cubic yard of cement
(includes wing walls and rebar)
BRIDGES --- $50.00 per aquare foot of bridge crossing
EXCAVATION --- $2.00 per cubic yard of earthwork
RIGHT-OF-WAY --- ( ) denotes cost per acre
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GRAND TOTAL POR MWILE :S:?;;;.j?f!éﬂ __________

® CHANNELS --- 5186.00 per cublc yard of gunite (excludes excavatfon)
#® CULVERTS --- PIPE -- $1.00 per inch in diameter per linear foot
BOX ~-- $300.00 per cubic yard of cement
(includes wing walls and rebar)
ses

BRIDGES --- $50.00 per square foot of bridge crossing
seee  EXCAVATION --- $2.00 per cubic yard of earthwork
sesee RIGHT-OF-WAY ~-- ( ) denotes cost per acre
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GRAND TOTAL FOR NILE 4 -,----H.g.(j.fj?z?: ___________

CHANNELS -~~~ $180.00 per cubic yard of gunite (excludes excavation)
s CULVERTS --- PIPE -- $1.00 per inch in diameter per linear foot
BOX ~-- $300.00 per cubic yard of cement
{includes wing walls and rebar) ,
sss BRIDGES --- $50.00 per square foot of bridge crossing
sees EXCAVATION ~-~-- $2.00 per cubic yard of earthwork
essss RIGHT-OF-WAY --- ( ) denotes cost per acre
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GRAND TOTAL FOR NILE : ) /27_’ X(/O

.: CHANNELS --- $180.00 per cubic ysrd of gunita {exocludes excavation) ¥

CULVERTS --~ PIPE -- $1.00 per inch in diameter per linear foot
BOX -- $300.00 per cubic yard of cement
{includes wing walle and rebar)
BRIDGES --- $80.00 per asquarae foaot aof bridge crossing
EXCAVATION -~- $2.00 per cubic yard of earthwork
RIGHT-OF-WAY --- ( ) denotes cost per acre
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CHANNELS CULVERTS BRIDGES EXCAVATION R.Q.H

DESCRIPTION

TOTALS
GRAND TOTAL FOR NILE ?Q& Z?[)
————————————— I-/-- - - e ap v n oy e e e
® CHANNELS --~ $180.00 per cubic yard of gunite (oxcludes axcavatjion)
#s CULVERTS --- PIPE ~-- $1.00 per inch in dismeter per linear foot
BOX =-- $300.00 per cubjo yard of cement
(inacludes wing walls and rebar)
**® BRIDGES -~-- $50.00 per square foot of bridge crossing
@see EXCAVATION --- $2.00 per cubic yard of earthwork

*esse RIGHT-OF-WAY --- ( ) denotes cost per acre
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GRAND TOTAL FOR MILE

CHANNELS --- $180.

CULVERTS --~- PIPE
BOX

..

00 per cubic yard of gunite (excludes excavation)
-- $1.00 per inch in diameter per linear foot
-- $300.00 per cubic yard of cement

(includes wing walls and rebar)

BRIDGES ~--~- $60.00 per square foot of bridge crossing
EXCAVATION ~~-- $2.00 per cubic yard of earthwork

RIGHT-OF-WAY ---

{

} denotes cost per acre
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CHANNELS -~~~ $180.00 per cubic yard of gunite (excludes excavation)
CULVERTS ~-- PIPE ~-- $1.00 per inch in diameter per linear foot
BOX -- $300.00 per cubic yard of cement
(includes wing walls and rebar)
BRIDGES --- $50.00 per square foot of bridge crossing
EXCAVATION ~-- $2.00 per cubic yard of earthwork
RIGHT-OP-WAY --- ( ) denotes cost per acre



BSTRELLA FREEWAY
DRAINAGB COST BSTIMATES FOR llLB
LA Dy P
L e . s il . il
ﬂl (22000 ! ysd ¥ S2000 !
: ______________________________ ',_0{)0" ................ 54_--5.0_--Q_'::-z’.;&--__-_-__-l
.S o = Jedo500. 9 aczes (], 2500
‘/Zqo'ng(ffﬁo/)
[ e
T T T T T ey
T T R
3 e
vorais ] J[7 300 LEZ0M! B0 LS00 !

GRAND TOTAL FOR MILE

BOX

CHANNELS --~- $180.00 per cublo yard of gunite (exoludes excavation)
CULVERTS --- PIPE -~ $1.00 per inch in dismeter per linear foot

-~ $300.00 per cubic yard of cement
{includes wing walls and rebar)

BRIDGES ~--- $80.00 per square foot of bridge crossing

sess EXCAVATION ~-- $2.00 par cubic yard of earthwork

seess  RIGHT-OF-WAY ---

{

)

denotes cost per acra
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GRAND TOTAL FOR MILE /-/ 7‘32‘ 102
® CHANNELS --- 3$180.00 per cublic yard of gunite (excludes excavation)
®® CULVERTS ~--~- PIPE -- $1.00 per inch in diameter per linear foot
BOX ~- 8300.00 per cubio yard of cement
{includes wing walls and rebar)
¢es BRIDGES --- $50.00 per square foot of bridge crossing
$see BXCAVATION ~--- $2.00 per cubic yard of esarthwork
(1S XX}

RIGHT-OF~WAY ~-- | ) denotes cost per acre
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TOTAL POR WILE }.1-2‘?.% 22

CHANNELS -~~~ $180.00 per ocubioc yard of gunits (excludes axcavation)
CULVERTS ~--- PIPE -- $1.00 per inch in diameter per linsar foot
BOX -- $300.00 per cubic yard of cement
{includes wing walls and rebar)
BRIDGES ~--- $850.00 per sguare foot of bridge crossing
EXCAVATION --- $2.00 per cubic yard of earthwork
RIGHT-OF-WAY --- ( ) denotes cost per acre
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GRAND TOTAL POR MILE

Dl YD

® CHANNELS --- $180.00 per cubic yard of gunite (excludes excavation)
$® CULVERTS --- PIPE -~ 31.00 per inch in diameter per linear foot
BOX -- 83300.00 per cubfc yard of cement
{includes wing walls and rebar)
BRIDGES --~ $80.00 per square foot of bridge crossing
®ees  EXCAVATION ~-- $2.00 per cubic yard of earthwork
esees RIGHT-OF-WAY --- ( ) denotes cost per acre
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CHANNELS ~-- $180.00 per cubic yard of gunite {sxoludes excavation)
CULVERTS -~- PIPE -~ $1.00 per inch in diameter per linear foot
BOX -- $300.00 per cubic yard of ceaent
{includes wing walls and rebar)
BRIDGES --- $50.00 per square foot of bridge crossing
EXCAVATION --- $2.00 per cubic yard of esarthwork
RIGHT-OFP-WAY --- ( ) denotes cost per acre
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GRAND TOTAL FOR NILE L :;2/2.3.6/ Q2
® CHANNELS --- $180.00 per cubic yard of gunite (excludes axcavation)
®® CULVERTS ~-~ PIPE -- $1.00 per inch in dismeter per linear foot
BOX ~-~- $300.00 per cubic yard of cement
{includes wing walls and rebar)
ese

BRIDGES --- $850.00 per square foot of bridge crossing
esse¢ EYCAVATION ~-- $2.00 per cubic yard of esarthwork
$s88s RIGHT-OP-WAY --- ( ) denotas coast per acre .
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DRAINAGE COST BBTIIAT!S FOR MILE
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CHANNELS --- $180.00 per cubic yard of gunite {excludes axcavation)
CULVERTS ~-- PIPE ~- $1.00 per inch in dismeter per linear foot
BOX -- $300.00 per cubic yard of cement
(includes wing walls and rebar)
BRIDGES ~-- $50.00 per square foot of bridge crossing
EXCAVATION --- $2.00 per cubic yard of earthwork
RIGHT-OF-WAY --- ( ) denotes cost per acre
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® CHANNELS --- 3$180.00 per cubic yard of gunite (excludes excavation)
CULVERTS =--- PIPE ~-- 3$1.00 per inch in diameter per linear foot
BOX ~- $300.00 per cubic yard of cement
{includes wing walls and rebar)
ese " BRIDGES --- $50.00 per square foot of bridge crossing
seses EXCAVATION --- $2.00 per cubic yard of earthwork
sssse¢ RIGHT-OF-WAY --- ( ) denotes cost psr acra
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CHANNELS --- $180.00 per cubic yard of gunite (excludes excavation)
CULVERTS --- PIPE ~- $1.00 per inch in dismeter por linear foot

BOX -~ 8$300.00 per cubic yard of cement
(includes wing walls and rebar)

BRIDGES ~-- $50.00 per square foot of bridge crossing

EXCAVATION --- $2.00 per cubic yard of earthwork

RIGHT-QF-WAY --- ( ) denotes cost per acre
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CHANNELS ~~-- $180.00 per cubjio yard of gunite (excludes excavation)
CULVERTS ~-~- PIPE -- $1.00 per inch in diameter per linear foot
80X -- 3300.00 per cubic yard of cament
{includes wing walls and rebar)
BRIDGES --- $560.00 per square foot of bridge crossing
EXCAVATION --- $2.00 per cubic yard of earthwork
RIGHT-OF~-WAY --- ( ) denotes cost per acre



TOTALS

GRAND

TOTAL FOR MILE

ESTRELLA PREEWAY
\D AINAGE COS8T ESTIMATES FOR MILE
L ahd} ;

e K =) UF Ot S ATV LY

. e L X 2] s808

___-ngfffff ______ ng!ffzf ....... BRIDGES EXCAVATION R.O.H‘...‘ DESCRIPTION
2 PSP SO
S A e e TR
T P e .QQD--:-.‘ ...................................... e XD Y
__________________ M OXR s ren !
':""“"'""'f"“‘"“""%'“'""“""%“555‘%"77"'":“1'5‘72’19'&“%'[3‘“5‘4%'(‘57‘")”“)““""%
D ,-—::--_--_--.'-_---__--_-------;I_C.k\p.uu‘o._(JJ.S,!eSY.q:)_----:

] | 1 i | | |
250,200 L IZAT L 230 L 2492, (bl ), 592,100 !

Y072,

CHANNELS -~~~ 3180.00 per cubic yard of gunite (excludes excavation)
CULVERTS --- PIPE -- $1.00 per inch in diameter per linear foot
BOX -~ $300.00 per cubio yard of cement
{includes wing walls and rebar)
BRIDGES --- $50.00 per square foot of bridge crossing
EXCAVATION —--- $2.00 per cubjic yard of earthwork
RIGHT-OF-WAY --~ ( ) denotes cost par acre
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CHANNELS --- $180.00 per cubio yard of gunite {(excludes excavation)
®¢ CULVERTS -~-~ PIPE -- $1.00 per inch in diameter per linear foot
BOX -- $300.00 per cubic yard of cement
(includes wing walls and rebar)
sss PBRIDGES --- $50.00 per square foot of bridge crossing
sess EXCAVATION --- $2.00 per cubic yard of earthwork
¢sess RIGHT-OF-WAY --- ( ) denotes cost per acre
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CHANNELS

--- $180.00 per cubic yard of gunite (excludss ‘excavation)
CULVERTS

~-- PIPE -- $1.00 par inch in diameter per linear foot
BOX =-- $300.00 per cubic yard of cement
(fncludes wing walle and rebar)
BRIDGES --- $80.00 per square foot of bridge crossing
EXCAVATION --- $2.00 per cubic yard of earthwork
RIGHT-OF~-WAY =-- ( ) denotes cost per acre

- 0 w2 s " - > - - - - e = -

-(RY 530

_Cjacyan-Zélfl@f@,i?%?sv;)-----i
|

DESCRIPTION

B el e Lk T Y iy

Eir :

- - - - - - - -

L R G R Tk Y T penppppy

- - " - =y e - - - - -

- - - - - - - -

- - - " - - - ar -



R Sy /S e = BT ==

R T ’/A \A‘l.:i /()"11__4; v PR SN /Z: . ‘s.
O S £ T )R o St

ESTRELLA FREEWAY
INAGE COST ESTIMATES P MILE

{ 3 --CM %(.ﬁ.éz/ﬂ- NedA .. CO/UT l NUDUS
211 ).

e [ X X} *se sehe
CHANNELS CULVERTS BRIDGES EXCAVATION R.O.W DESCRIPTION
l, ? l")/ :)l { I ’ | { ]
- - A e s = a0 e e - R S - - - . Byt R R R R - D G Wm D S S D A8 b e wm = W e P TS S0 S M e U D D G O ST SR G e P N S S G wh om A AR m D G AR D G D D S e A A
1 D At 1 t !
-__-______-_---:'.‘-;.r.'__l_?l{-2')‘— :

e e
e’ FE 0 :
| | | | | | T ---l
S
3
.................................. e m e oo emm e emm e ee e mm e mmee e dmemmm—— . ————————————
: ! | | | | |
S
3
S
5
S
e
S,
S P
VT T T Ty

N N T 2S00, LRIZ 0

GRAND TOTAL POR MILE 55;_[(4_(_//_9{3_2: ________
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CHANNELS --- 3$180.00 per cubic yard of gunite (excludes excavatian)
CULVERTS ~-- PIPE -~ $1.00 per inch in diameter per lincpr foot

BOX -~ $300.00 per cubic yard of cement

{includes wing walls and rebar)

BRIDORS -~-~ $60.00 per square foot of bridge crossing
EXCAVATION ~-- $2.00 psr cubic yard of earthwork
RIGUT-OF-WAY -~- ( ) denotes cost per acre
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CHANNELS --- $180.00 per cubic yard of gunite (excludes excavation)
CULVERTS --- PIPE -- $1.00 per inch in diameter per linear foot
BOX -- 3300.00 per cubic yard of cement
{(includes wing walls and rebar)
BRIDGES --- $80.00 per squate foot of bridge crossing
EXCAVATION --- 32.00 per cubic yard of earthwork
RIGHT-0F-WAY ~-- ( ) denotes cost par acre
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CHAMNNELS =~~~ $180.00 per cubic yard of gunite (excludes excavation)
CULVERTS --- PIPE ~-- $1.00 per inch in diameter per linear foot
BOX ~- $300.00 per cubic yard of cement
(includes wing walls and rebar)
BRIDGES --- $50.00 per square foot of bridge crossing '
EXCAVATION -~- $2.00 per cubic yard of earthwork
RIGHT-OF-WAY --- ( ) denotes cost per acras
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TOTALS |

ORAND TOTAL POR MILE 31_5@ (02,0

® CHANNELS --- $180.00 per cublic yard of gunite (excludes excavation)
¢® CULVERTS --- PIPE -~ $1.00 per inch in diameter per linear foot
BOX -- $300.00 per cubic yard of cement
(fncludes wing walls and rebar)
ees PRBRIDGES ~~- $850.00 per square foot of bridge crossing
sese EXCAVATION --- $2.00 per cubic yard of earthwork
svses RIGHT-OP-WAY ~-- ( ) denotes cost per acre
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GRAND TOTAL FOR MILE ﬁi.é?ll. 7081

CHANMNELS --~ $1680.00 per cubic yard of gunite (excludes excavation)
(X ]

CULVERTS --- PIPE -- $1.00 per inch in dismeter per linear foot
BOX -- $300.00 per oubic ysrd of cement
{includes wing walls and rebar)
BRIDCGES --- $80.00 per square foot of bridge crossing
ssse RXCAVATION -~- $2.00 per cubic yard of earthwork
sssss RIGUT-OF-WAY --- ( ) denotes cost per acre
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GRAND TOTAL POR MILE . 24_ 905 3_:9

® CHANNELS --- $180.00 per cubic yard of gunite (excludes exocavation)
®® CULVERTS --- PIPE -~ $1.00 per inch in diameter per linear foot
BOX =-- $300.00 per cubic yard of csmsnt
{includes wing walls and rebar)
[ X 1 ]

BRIDGES --- $60.00 per square foot of bridge crossing
ses¢ RYCAVATION --- $2.00 per cubic yard of earthwork
ss®8% RIGUT-OFP-WAY --- (| ) denotes cost per acrs
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GRAND TOTAL FOR NMILE L dmamewd ‘? _;:\)./__é_). _/i ........

® CHAKNELS --- 3$180.00 per cubic yard of gunjte (excludes excavation)
CULVERYS --- PIPE -- $1.00 per inch in dismeter per linear foot
BOX =~~ $300.00 per cubic yard of ceaent .
(includes wing walls and rebar)
BRIDGES --- $80.00 per square foot of bridge croaslng
sese RYCAVATION --- $2.00 per cubic yard of earthwork
8eses RIOHT-OF-WAY ~-- { ) denotes cost per acre
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QRAND TOTAL FOR MILE . 33 éLl./.,&/
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P L

CHANNELS ~-~-- $180.00 per cubic yard of gunite (excludes excavation)
s® CULVERTS --- PIPE -- $1.00 per inch in diameter per linear foot
BOX -~ $300.00 per cubic yard of ocemeant
{includes wing walls and rebar)
sss BRIDGES ~-~- $50.00 per square foot of bridge crossing
sess EXCAVATION --- $2.00 per cublc yard of earthwork
sssse RIGHT-OF-WAY ~-- ( ) denotes cost per acre
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GRAND TOTAL FOR MILE /_(_2_2?/_710

CHAMNELS ~--- $180.00 per cubic yard of gunite (excludes excavation)
ss CULVERTS -~~~ PIPE ~- $1.00 per inch in diamster per linear foot
BOX -- $300.00 per ocubic yard of cement
(includes wing wallas and rebar)
®se PRBRIDGES -~- $80.00 psr square foot of bridge crossing
sees EXCAVATION --- 3$2.00 per cubic yard of earthwark
seees RICNT-OFP-WAY --- { ) denotes cost per acre
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GRAND TOTAL FOR MILE ‘ /{@ 56‘ 53{0

CHANNELS -~~ $180.00 par cubic yard of gunite (excludes excavation)
ss CULVERTS --- PIPE -- $1.00 per inch in diamester poer linear foot
BOX -~-- $300.00 per cubic yard of cement
{includes wing walls and rebar)
#ss PBRIDOGES --- $80.00 per square foot of bridge crossing
sese RYXCAVATION --- $2.00 per cubic yard of earthwork
sse8s QRIQHT-OP-WAY --- { ) dsnotss cost per acors
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s CHANMNELS --- $180.00 per cubic yard of gunjte (excludes excavation)
®® CULVERTS --- PIPR -- $1.00 per inch in diameter per linear foot
BOX -- $300.00 per cubio yard of cement
{fncludes wing walls and rebar)
ees BRIDGES ~---~ $50.00 per square foot of bridge crossing
®ses EXCAVATION --- $2.00 per cubic yard of earthwork
[ XX R Y}

RIGHT-OF-WAY -~- {( ) denotes cost par acre
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GRAND TOTAL POR MILE /LL/C'[ Y 7$
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CHANNELS -~- $180.00 per cubic yard of gunite (excludes excavation)
CULVERTS --- PIPE -- $1.00 per inch in dismeter per linear foot
BOX -- $300.00 per cubio yard of cement
{includes wing walls and rebar)
see PBRIDGES -~~~ $50.00 per squars foot of bridge crossing
esse [EYCAVATION --- $2.00 per cubic yard of earthwork
sesse RIGHT-OP-NAY --~- ( ) denotes cost per acrse
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GRAND TOTAL FOR NILE

CMANNELS ~--- $180.00 per cubic yard of gunite (excludes excavation)
se CULVERTS --- PIPE -- $1.00 per inch in diameter per linear foot
BOX <-- 3300.00 per ocubjic yard of cement
(includes wing walls and rebar)
ess BRIDGES --- $30.00 per square foot of bridge crossing
ss8s EXCAVATION --- $2.00 per cublic yard of earthwork
$esse RIGHNT-0OF-WAY ~--- ( ) denotes cost per acrs
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CHANNELS --~- $180.00 per cubic yard of gunite (excludes excavation)
CULVERTS --- PIPE -- $1.00 per inch in diameter per linear foot
BOX -- $300.00 per cubic yard of cement
(includes wing walls and rebar)
BRIDGES ~-- $80.00 per sguare foot of bridge crossing
EXCAVATION --- $2.00 per cubic yard of earthwork
RIGNT-OF-MAY =-~-- ( ) denotes cost per acre
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GRAND TOTAL FOR NILE Z 0531 77?[
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CHANNELS --- $180.00 par cubic yard of gunite (excludes excavation)
CULVERTS --~ PIPE -~ $1.00 per inch in diameter per linear foot
BOX -- $300.00 per cubic yard of cement
(includes wing walls and rebar)
BRIDGES --- $50.00 per square foot of bridge crossing
EXCAVATION --- $2.00 per cubic yard of earthwork
RICKT-OP-WAY --- ( ) denotes cost per aore
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¢ CHANNELS ~-- $180.00 per cubfc yard of gunite (excludes excavation)

®s CULVERTS --- PIPRE -- $1.00 per inch in diamster per linear foot
BOX -- $300.00 per oubioc yard of cement
(includes wing walls and rebar)
BRIDGES --- $50.00 per squarse foot of bridge croasing
sese EXCAVATION --- $2.00 per cubic yard of earthwork
ssose RIGNT-OFP-MAY --- ( ) denotes cost psr Aacrs
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CMANNELS -~- $180.00 par cubic yard of gunite (excludes sxcavation)
CULVERTS --- PIPE ~- $1.00 per inch {n dismeter per linear foot
B0OX -~ $300.00 per cubic yard of cememnt
(includes wing walls and rebar)
BRIDGES --- $850.00 per square foot of bridge crossing
EXCAVATION --- $2.00 per cubic yard of sarthwork
RIGHT-OFP-WAY ~-- ( ) denotes cost per acre
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GRAND TOTAL POR RILE ‘ /27 250
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CHANRNELS --- 3180.00 per cubic yard of gunite (excludes excavation)
#® CULVERTS --~ PIPE -- $1.00 per inch in dismeter per linear foot
BOX -- $300.00 per cubic yard of cement
({ancludes wing walls and rebar)
BRIDGES --- $50.00 per sguare foot of bridgs crossing
EXCAVATION --- $2.00 per cubic yard of earthwork
00068 RIGHT-OF-WAY --- ( ) denotss cost per acre
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CHMANMELS --- $180.00 per cubic yard of gunite (excludes excavation)
CULVERTS --- PIPE -~ $1.00 per imch in dismeter per linesr foot
80X -- $300.00 per cubic yard of cement
(includes wing walls and rebar)
BRIDGES --- 380.00 per square foot of bridge crossing
EXCAVATION --- $2.00 per cubic yard of earthwork
RIONT-QOF-WAY --- ( ) denotas cost per scre

)



ESTRELLA FRERWAY
DRAIMAGE COPT ESTIMATES FOR MNILE
- v L E ke
. s sos It sesse
CMANNELS CULVEBRTS !IlDOll IXCAVATIOU R.O.¥W DRSCRIPTION
R “--qeeesanas R e o S T o cesrre
L SR LN S U e man (7
1-----_-----_--1;.‘-_-.’.-';"1.0--1 ..... " D TIEx s
1 t [} | | . ot - ,
Lt . S, ZL--sD.----------------------.----.-.------_.---- ........... .--1-.‘_-;---.-’J{..’.a’--:ﬂ.--------l
l------_-------f_s;;-:ysz---f------.-------i ...... e ----------l-:-; :' Pl : '

LU W74 WSO S D -_-------_----_1;:;5-‘.:4'-i:-.:La3 ....... O
L L SR e ':-_/_? LATO sl e Sl
[} i ] | ] |
3 ---?----_----_----‘--?-----'------_--'---"---'--"--?
e S T
ety Tt
PR 0T TTTTTTTYTTTTRTTTTTT T T T T T ey
PP TTTTYTT TTTTTTTTRTT T TR
VT Ty YT [ [
VT T T e T e e Tttt Tt
P T T
P Ty T T

Y 7 L I N s DN 70 =

ORAWD TOTAL FOR MILe ;3:?5:%;25?{£ﬂ __________

® CHNANMELS --~ $180.00 per cubic yard of gunite (excludes excavation)
®® CULVERTS --- PIPE -- 31.00 per inch in diameter per linear foot
BOX -- $300.00 per cubic yard of cament
(includes wing walls and rebar)
¢es BRIDOKS --- $80.00 per square foot of bridge crossing
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s CHANNELS ~-- $180.00 per cubic yard of gunite (excludes excavation)
®® CULVERTS --- PIPE -- $1.00 per inch in diameter per linear foot
BOX ~-- $300.00 per oubic yard of ocemsent
{(includes wing walls and rebar)
eee BRIDGES --- $850.00 per square foot of bridge crossing
ssee EXCAVATION --- $2.00 per cubic yard of earthwork
seess RIQHT-OF-WAY =-- ( ) denotes cost per acre
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November 4, 1987

Mr. Ray Jordan, P.E.
Arizona Department of Transportation (ADOT)

205 South 17th Avenue, Room 216E
Phoenix, Arizona 85007

Re: Estrella Freeway - Hydrologic Investigation Report
CBA File No. 40955-02-30

Dear Mr. Jordan:

We are submitting this letter to respond to each of the review comments
contained in your memorandum dated September 2, 1987 pertaining to the
Estrella Freeway - Hydrologic Investigation Report, which we submitted to
your office on July 14. MWe are responding to your comments in this manner
in accordance with discussions held during our October 13 monthly meeting

for this project.

The following is a brief discussion of each of your comment items:

Item No. 1

You have indicated that the hydrologic investigation appears to
conform with procedures recommended and established during our earlier
meeting with you and Mr. Art May on May 28, 1987. I don’t believe we
will dispute this assessment.

Item No. 2

According to the report entitled New River Dam, Including New River to
Skunk Creek, Design Memorandum No. 3, U.S. Army Corps of Engineers,
November, 1982, the emergency spillway for New River Dam would pass a
peak flow rate of 29,850 cfs during the Probable Maximum Flood (PMF).
The report also indicates that there would not be any flow over the
emergency spillway during the 100-year flood or even the Standard
Project Flood as their respective minor outflows (less than 3,000 cfs)
are controlled by the constructed outlet conduit in the main

embankment.

You have expressed the opinion (as did the staff of the Flood Control
District of Maricopa County in a separate meeting) that the design of
the Estrella Freeway should not impact the functional capability of
the New River Dam emergency spillway. We agree, and in our
professional opinion, we do not feel that any of the freeway
alignments proposed in this area will have an adverse impact on the
ability of the emergency spillway to function for the following

reasons:

Offices In Tucson and Phoenix. Arizona )
Engineering - Planning - Surveying - Landscape Architecture - Hydrology
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a. The impacted alignment segments (17 and 18) are located 1,200
feet and 2,600 feet downstream of the emergency spillway,
respectively. The crest elevation of the emergency spillway is
1,456.2 feet. The proposed elevations for the immediate
downstream roadway segments are approximately 1,405 feet for
Segment 17 and 1,380 feet for Segment 18. Thus, the minimum drop
from the spillway crest to any obstruction produced by roadway
alignments is in excess of 51 feet.

b. Segment 17 has a maximum fill height of 15 feet above the local
low spot immediately downstream of the emergency spillway.
Segment 18 has a maximum fill height of 8 feet. Since drainage
structures at these locations will only be sized to accommodate
the 50-year discharge generated by a minor local watershed,
backwater ponding will be temporarily induced along the upstream
side of these roadway segments during more extreme flooding
events. However, the discharge of the PMF through the emergency
spillway (29,850 cfs) will result in the obliteration, or
washout, of the segment of the freeway in its downstream path, as
the roadway drainage system has not even remotely been designed
to accommodate this flow.

Item No. 3

A 50-year design frequency will not be utilized for onsite roadway
drainage unless the roadway is depressed. A 50-year design frequency
will be utilized for offsite drainage, except at the locations noted
in the report, as long as ADOT can be assurred that during the
100-year event, flooding of adjacent properties outside of the
proposed freeway right-of-way has not been increased.

Item No. 4

The following describes procedures which have been used for detention
basin sizing of single basin systems comprising the "pass thru"
concept for control of drainage impacting the Cotton Lane segments:

Chapter 6 in Urban Hydrology for Small Watersheds (TR-55) contains a
manual method for quick estimates of the effects of temporary
detention on peak discharges. This method is principally used to
develop preliminary estimates of storage volumes and peak outflow
discharges and is also adequate for final design of small detention
basins. Worksheet 6a was used to calculate the storage volume
required to reduce the peak discharges at selected locations to an
acceptable value. The necessary volume was derived in acre-feet and a
rough set of detention basin dimensions were calculated. These
dimensions took into account property lines, grades, existing
right-of-way and the future roadway.
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Available charts in the TR-55 manual do not extend beyond a desired
ratio of peak outflow to peak inflow greater than 0.8. In those
instances where the TR-55 quick estimate procedures could not be used,
similar procedures prescribed in the draft version of Pima County’s
manual entitled Drainage and Channel Design Standards for Local
Drainage, Section VI were used for detention basin sizing.

The following describes procedures which will be used for detention
basin sizing and flood routing comprising the "continuous channel with
various amounts of storage" concept for control of drainage impacting

the Cotton Lane segments:

We are in the process of investigating the concept of a continuous
channel (with possible intermediate detention/retention structures)
extending southward along the Cotton Lane segments for discharge into
the Gila River. This concept will be evaluated and compared with the
incremental "pass through" concept previously presented to ADOT, in
terms of overall costs, including construction and right-of-way.
Flood routings for multiple detention basin concepts will be
accomplished using a preliminary level of detail application of the
TR-20 or HEC-1 procedures. This concept will be presented to you in

the near future.

Phase III:

As a part of Phase ITI, hydrograph routings for the selected drainage
and detention basin scheme along the Cotton Lane portion of the
Estrella Freeway will be performed to a greater level of detail using
TR-20, HEC-1, or other appropriate methodologies to provide a more
accurate determination of right-of-way needs.

We hope that this Tetter satisfactorily addresses your September 2, 1987
review comments pertaining to our submitted hydrologic investigation for
the Estrella Freeway. If you have any questions or additional comments,

please do not hesitate to call.

Sincerely,

JHN-47/ef

cc:

Mr. Art May, ADOT

Mr. John Louis, ADOT
Mr. Jim Lee, CBA

Mr. Dave Potter, CBA
Ms. Melinda Cuff, CBA
Mr. Greg Evans, KHA
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