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MILLSTONE MANOR #6 - DRAINAGE INVESTIGATION
| By: dJon Fuller and Terry Hendricks

Date: June 17, 1988

INTRODUCTION

Millstone Manor #6 is a subdivision that was recorded in the mid-1950's. Cross-
ing diagionally from the northeast to the southwest is a sixty foot drainageway
which was platted and never constructed. ' All records indicate no engineering

took place with regards to the potential for drainage ‘improvements within Mill-
stone Manor #6. Recently, property owners graded several lots and opened a
flow path along the platted drainageways. This report will address what the
natural floodprone areas are and will recommend how future permits should be
processed. ’

WATERSHED CHARACTERISTICS

Millstone Manor #6 is affected by the Ironwood Wash watershed (see Exhibit A)
The watershed was analyzed at the apex of a fan that lies upstream of the
subdivision. Ironwood Wash a has a drainage area of 2041.6 acres 53% of which
have Type D soils. The rest of the soils are Type B. The 100-year discharge
was calculated to be 2958 cfs. The hydrologic data sheets can be found at the
end of this report.

STUDY ASPECTS

How the Ironwood Wash affects the subdivision was difficult to ascertain due
to the upstream fan. This fan has two outlets, one diagonally through the
subdivision, the other to the south and parallel to the Neal Avenue alignment.

In determining the flow through the subdivision, four cross-sections were taken
through the fan area (San Joaquin Road, #1, #2, #3). These cross-sections are
shown on Exhibit B. To determine the flow split throughout Millstone Manor #6,
Mannings equation was used to determine surface elevations across the entire
cross-section. Then with this elevation, the proportioned discharge through
the western split of the fan was determined. The cross section data points and
calculations are shown in the fan analysis section of this report. The table
below summarizes this analysis:

WESTERN ALLUVIAL SPLIT FROM THE IRONWOOD WASH

Cross Section Water Surface Elevation Discharge
San Joaquin Rd. 2441.03 ft 1741 cfs
1 2444 .31 ft 1535 cfs
2 . 2447.28 ft 1355 cfs
3 © 2451.66 ft 265 cfs
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In order to determine the nature of this fan, research into historical photos
and a field investigation was made. The historical photos show the wash is
shifting more towards the east. Attached you will find a 1941 photograph. Note
how much more pronounced the wash is through the Millstone Manor subdivision.
The field investigation revealed the old flow path to the west is catching
debris. It also indicated more active vegetation growing in the split. Such
growth could induce even more debris entrapment.

our field observations also indicated the embankments are very shallow (18
inches to 2 feet) and the wash bed is relatively flat with very large aggregate
(D50 = 5/8 inch). The overbank areas are coated with fine silty aluvian which
indicate frequent channel overtopping. Further down at the El Paso Natural Gas
gas line right-of-way are some earth berms which will induce most of the sheet
flooding to the east.

Based on all of the above findings we felt the regulatory dlscharge towards
Millstone Manor #6 should be set at 1000 cfs. It should be noted since this is
an alluvial fan there exists strong possibility of further avulsion which may
reduce or increase discharge through the subdivision. The apex of the fan is
in an area not maintained by Pima County.

-HEC-2 ANALYSIS

The existing flood limits for the Ironwood Wash breakout channel flowing through
Millstone Manor #6 were determined using the Army Corps of Engineers computer
~model HEC-2. Output files from the computer runs. are included as Appendix 1.

Topographic cross section data was obtained from 1 inch = 100 feet, 2-foot
contour interval aerial 1984 photo-topography. Hydraulic parameters were
estimated by analysis of aerial photographs and by field checking. 19 cross
sections were defined in the reach from the northeast corner of Millstone Manor
to the southwest side. Water surface profiles for discharges of 500, 750, 1000
and 1250 cfs. were determined. The flood limits for the 1000 cfs. discharge
are shown on figure #1.

The main flow channel does not have sufficient capacity between Claude and
Edward Streets (cross sections 15 - 19). Therefore, a split flow analysis
using the normal depth option was executed for the low capacity reach. The
total breakout discharge was then routed through the breakout channel which
runs north of Edward Street. The flood limits for this secondary flow path
are also shown on figure #1. The flood limits downstream of the breakout on the
main channel are based on discharges reduced by the amount of breakout flow.

PERMIT REQUIREMENTS

The floodplain mapping represented in this report reflects only on the western
braid of the Ironwood Wash. Sheet flooding problems may occure in other
portions of the subdivision. Due to the relatively flat cross sectional topo-
graphy other lots may be adversely affected. Because of the small lot size
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(67 feet by 116 feet) the improper development of some lots may induce adverse
drainage conditions on adjacent parcels. In general, the most severe sheet
flooding (separate from the Iromwood Wash) would occur in the southern and
northwestern portions of the subdivision. This general rule would have some

exceptions.

To assist the Permits & Compliance Section in processing permits, each and
every lot was looked at (based on the March 1984 topography) for flood sucep-
tibility. Attached is a subdivision plat that has been highlighted to help
with the permitting process. The plat should be used as a tool, field investi-
gations are encouraged for each application. This would be espec1ally true for
applications for walls or closed type fencing {(ie: chain-link fencing.

The pennit requirements 'map {(Figure #2) is basically consistant with previous
Floodplain Use Permits issued (Figure #3).

SUMMARY AND FURTHER RECOMMENDATION

A major portion of the Millstone Manor #6 subdivision is affected by the Iron-
wood Wash. The distribution of flow through the development is controlled by
a fan upstream. The attached mapping should be used as a tool to assist Pima
County . Department of Transportation and Flood Control District in processing
Floodplain use Permits. Once accepted, this information would need to be avail-

able to the general public.
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FAN ANALYSIS

The following is an analysis of flows through the ailuvial fan
upstream of Millstone Manor #6. The cross-sections are shown
on Exhibit B of this report. Using the design discharge, the
water surface elevation was determined across the fan using the
Mannings equation. Then with this elevation, the western split

flow discharge was determined for each cross-section.




CSTATION

JOE # |
‘millstorne manor

BY: fuller
3/15/88

CROSS SECTION san joaguin rd  F.fee  Kosechion

STATION
STATION
STATION
STATION
STRATION
STATION ~
STATION

STATION
STATION
STATION
STATION
STATION
STATION
STATION
STARATION
STATION
STATION

RESULTS

Marming’s
Channel §
HW.5. Elev
Area 3585

Wetted Perimeter
Near Bark Statiomn

. aa

Far Bank Station 792.Q

Discharge
Velocity
Froude Nu

Total Ermergy Elevation

Conveyarice %26989. 8@

4,93 Ft.
.75 Ft.

Maximum D
Hydraulic

epth
Depth

- 60, AR

. - ELEVATION

‘@. 21 - ELEVATION 4z, 22

18. 2@ ELEVATION 4@, @2

&6. 02 ELEVATION  38.@@2

48, @@ ELEVATION  36.5@

59.82- - - ELEVATION - 38.@@8 -

72.02 - . ELEVATION 4@, 22
1o, o ELEVATION 4@, 5@
125, o2 ELEVATION 40, 2@
130, o “ELEVATION 4. @R
297. o@ ELEVATION 4. QQ
400, Q& ELEVATION 42,50
S60. @@ ELEVATICN 42, Qi
590. @@ ELEVATION  4@.@@
700, 20 ELEVATION  38.6@
768. 0@ ELEVATION  40. @2
79@. 2@ ELEVATION  4@.5@
790. A1 ELEVATION &@. @@

‘n' @.Q42
lope 1.z00%
ation  41.03 Ft.
.67 SF -

423.91 Ft.
8.7

23956.58 cfs

5.85 fps
mber 1.@3

41.43 Ft.

b




CROSS SECTION rd .a Cwestes
STATION 45@. @@ ELEVATION
STATION 45@.@1 = ELEVATION
STATION SE@. Q@ ELEVATION
STATION S90.2a ELEVATION
STATION - 7@@. @@ ELEVATION
STATION .760. @2 ELEVATION
STATION 79@. @@ ELEVATION
STATION - 79@. 31 ELEVATION
ESULTS

Marmming?’s 'n' 0.Q44

Chanmnel Slope 1.2Q00%

W.5. Elevation 41,3 Ft.
Area 3225.4&£ SF

Wetted Perimeter 216.24 Ft.
Near Rank Station S74.6
Far Bark Station 7902.02
Discharge 174@%.51 cfs
Velocity 5.35 fps

Froude Number Q.77

JOE #

millstone maror
BY: fuller.
3/15/88

-)’g'/) F Cax /) .5

6. QB

42.e5

4. 00

42, Q0
28.6@

4.0
 4p.5Q

£@. 02

Total Energy Elevation 41.47 Ft.

Conveyance %15888.63
Maximum Depth =.43 Ft.
Hydraulic Depth 1.51 Ft.




JOB # _
millstorne manor
BY: fuller
3/15/88

'CROSS SECTION 1 £oAme X-sediin

ELEVATION

S6. B0

STATION 2.2
STATION @. 21 ELEVATION 44,50
STATION 8.a2 ELEVATION 44, 0@
STATION 11,00 ELEVATION 4. 00
STATION . 18.92@ - ELEVATION 4. 22
STATION &5.e2 ELEVATION 39. 50
- BSTATION 0. o0 ELEVATION 4@, 0@
. STATION 45, 30 ELEVATION 4. @R
STATION 68. 2@ ELEVATION 4. @D
STATION 1@7.22 ELEVATION 44,02
STATION 130,22 ELEVATION 45. @2
STRTION 247.00 ELEVATION 44,02
STATION g265.00 ELEVATION 44, Q@
STATION Z30.00 ELEVATION 45.70
STRTION 445, 0@ ELEVATION 44, @@
STRATION S525.02@ ELEVATION 44, @0
"STATION 53z.00 ELEVARTION 4. a@
STATION 63a. @ ELEVATION 44,012
STATION 784,00 ELEVATION 4. @@
STATION 717.0@ ELEVATION  4z.00
STATION 7328. 00 ELEVATION 44,00
STATION 738.1021 ELEVATION S6. @@
RESULTS

Marming's "n!' Q. Q42

Chanrnel Slope 1.6200%

W.S5. Elevation 44,31 Ft.

Prea S72.74 SF

Wetted Perimeter 496.82 Ft.
Near Barnk Station 3.

Far Rank Station 738. 0

Discharge 2959.09 cfs

Velocity §.17 fps

Froude Number 1.@03 .
Total Ernergy Elevation 44,73 F%t.
Conveyance %23393.67

Maximum Depth 4.81 Ft.
Hydraulic Depth  @.78 F¢t.

U\




JOB # .
-millstone marnor

"~ BY: fullewr

3/15/788

CROSS SECTION 1a (leyfe-- Sp/it A-ilys)s.

ELEVATION  60. @0

STATION 40@, 00
STATION 4@, a1 ELLEVATION 45, Q0
STATION 445, 0@ ELEVATION 44, Q1
STATION S&5.00 - ELEVATION 44,00
STATION S3c.@@ - ELEVATION 4. 00
STATION 632@,22 ELEVATION 44, Q2
STATION 74, @@ CELEVATION 42,09
STATION 717.@0 ELEVATION 4, D2
STATION 738. 20 ELEVATION . 44, Qi
STATION 738.@1 ELEVATION 68. Q2
RESUL.TS
CMarming’s 'n' @, Q247
Charmel Slope 1.6&600%
W.S5. Elevation 44,31 Ft.
Area 318.93 SF
Wetted Perimeter 3@27.68 Ft.
Near Bark Station 431.1
Far Bank Station 738.@
Discharge 15385.5@ cfs
Velocity 4.81 fps
Froude Number @.83° .
Total Energy Elevation 44,67 Ft.

Conveyance %12139. 2@
Maximum Depth £.31 Ft.
Hydraulic Depth i.24 Ft.




JOB #.
millstore marnor

"BY: fuller
3/15/88 -

CROSS SECTION & Eadie  Crpsgeséetion:
STATION Q. Q2 ~ ELEVATION = 60. a2
STATION 8. a1 ELEVATION 59. BO
STATION 65. Q@ ELEVATION 48, a2
STATION 89. @0 . ELEVATION 4¢. Q00
STATION 113. 0@ - ELEVATION " 46,00
STATION 144. 00 ELEVATION 44, Q@
STATION 15@. 22 EL EVATION 4. 50
STATION 166G, Q0 - ELEVATION 44, Q@
STRTION 180, Q& CELEVATION 4€. 20
STATION 184,00 ELEVATION 4¢. B2
STATION 271.2@ ELEVATION 48, 62
STATION 420, aé ELEVATION 49, 22
STATION S6@,. 01 ELEVATION 48, &
STATION 6&29. 2@ ELEVATION 46, QQ2
STATION 6932, a2 ELEVATION 46, 22
STATION ~ 782. Qi ELEVATION 48. 02
STATION 730, @2 ELEVATION 48, Q@
STATION 834,22 -  ELEVATION 46. Q2
STATION 921,00 ELEVATION 46. 20
STATION 969.0d ELEVATION  46.00
STATION 1026. R ELEVATION 47, 22
STATION i12uag. 21 ELEVATION €0. 02
RESULTS

Marnming?s *n' @.Q40

. Charmel Slope 1.600Q%

W.5. Elevation 47.28 Ft.
Area 577.27 SF

Wetted Perimeter BS@G7.0@09 Ft.
Near Rank Station 73.7
Far Bark Stationlad@, @
Discharge 23957.47 cfs
Velocity 5S.12 fps

Froude Number 1.14

Total Energy Elevation 47.68 Ft.
Cornveyarice %23380.87
Maximum Depth 4.78 Ft.
Hydraulic Depth .62 Ft.




JOB # . .
millstone maror
BY: fuller
3/15/88

CROSS SECTION 2a ° &restemn Spldcnatys.s

"STATION S8@. a0 ELEVATION 6. a2

STATION S82.01 ELEVATION 47.6Q

STATION 629. 0@ ELEVATION 46, Q0

STATION 692. 02 ELEVATION 46, @02

STATION 78Z.@Q ELEVATION - 48. 020
STATION 790. 02 ELEVATION 48. 20

STATION . 834. 09 ELEVATION 46, @D

STATION 921.00 ELEVATION 46,00
STATION 969, @ LEVATION 4€. 0@

STATION 120, 22 ELEVATION 47,01

STRATION 1@@%. 21 ELEVATION £Q. 22

RESULTS

Marning?’s 'w' @. 040

Charmel Slope 1.&0&%

W.8. Elevation 47.28 Ft.
Area 305.36 GF

Wetted Perimeter 3I32.70 Ft.
Near Rank Statiorn 589.8
Far Bank Stationli@a. @
Discharge 13535.25 cfs
Velocity 4.44 fps

Fraude Number @&.91

Total Evergy Elevation 47.39 Ft.
Conveyance %10714,19
Maximum Depth 1.28 Ft.
Hydraulic Depth B.74 Ft.




CROSS SECTION 3 E.#re X-section

ELEVATION . &06. o2
ELEVATION Sc. 3
ELEVATION S2. 20
ELEVATION S0. ad
ELEVATION S&. 2
ELEVATION 49. 00

STATION 0.2
STATION . - @.o1
STATION 9, @2
STATION. 35.0@
STATION: 81.02@
STATION 1@@.@22
STATION .= 1S@. 2@
- STATION 1&4.00
STATION  280.20
STATION 38@.02 | ELEVATION ~ S5&. @@
STATION 430. 03 ELEVATION 51.5@
STATION 460.00 ELEVATION SZ. Q@
STATION S8z.oe ELEVATION 5. a2
STATION €33, ELEVATION S@. 02
STATION 633.01 ELEVATION £0. @2

"ELEVATION S@. @

RESULTS

Marming?’s *r’ @.04Q

Charmel Slope 1. 40@%

W.S. Elevation S51.66 Ft.

frea S554.77 SF

Wetted Perimeter 415.13 Ft.

Near Barik Station 13. 4

Far Bank Station 633.@

Discharge &2958.60.cfs

Velocity S5.33 fps

Froude Number @.9% _
Total Evnergy Elevation Se. 1@ Ft.
Conveyance *25004.73

Maximum Depth c.66 Ft.

Hydraulic Depth 2.3 Ft.

ELEVATION 49.@@

ELEVATION S5@. 42

JOE. #




JOE #

BY:
CROSS SECTION 3a - Wesfe—n Sptid Baalsds
STATION 2B80.22 - ELEVATION 6.2
STATION 28@. 01 ELEVATION  5@.42
STATION 380. 020 ELEVATION  S&.2@
STATION 43@. Q@ ELEVATION  51.5
STATION 460.0@  ELEVATION  S2. 00
STATION S82.@@ .~ ELEVATION . S2. @2
STATION 633. 00 ELEVATION  50. @@
STATION 633.@1 ELEVATION  6@. 00
RESULTS

Marmning?s *n’ @. 040

Charmel Slope 1.420%

W.8., Elevation S1.66 Ft.
Area 8¢6.79 SF

Wetted Perimeter 143,64 Ft.
Near Barnk Station Z80.@
Far Bank Station &33.@
Discharge 265. 33 cfs
Velocity 3.086 fps

Froude Number 1.09

Total Ewnergy Elevation 51.81 Ft.
Conveyance 2242.48

Maximum Depth i1.66 Ft.
Hydraulic Depth .23 Ft.




HYDROLOGIC DATA SHEET

Project Name and Location: YL bl <done . Manay s

Drainage Concentration Point:_m_%u;} odhregam ol E)CL;\ -\C}(LDL_L,&J"\ —Rd
1 v ]

Watershed Area (A): . dcres)square miles.

Length of Watercourse (L¢): 1“;;2&2 ft. Length to Center of Gravity (Lea) i\ 25 ft

'Increméntal Change in Leng;h (L) - ft. o Incremental Change in Elevation (Hy) - ft
20 . ' 222

20 0 209,

Mean Slope (S¢): L0204 ft./ft. Watershed Type(s): 53 Y ”bs\gjn,g | jz% s&lk_#(future)

Basin Factor (np): s OH (future) Flood Frequencyﬁ o'} yTs
P4 (24 hour):_ it (59 in. Areal Value: in.
Pg (6 hour): | 3 (G in. Areal Value: in.
P1 (1 hour): 2.68 in. Areal Vaiue: in.
P2 (2 hour): 2.02 in. Areal Value: in.
P3 (3 hour): in. | Areal Value: , in.
Soil Group(s): =524 T . WA B Cover Type(s): DexerY Boe )
Cover Density (pervious areas): 204 Impervious Cover: O X {(future
CN(s): AL B> (pervious & impervious areas) CN*(s): 93.22.  .ay |
(curve number) (adjusted curve nu=ber)

Runoff to Rainfall Ratio(s),(C): .13 , L5 (pervious areas) _n /A (impervious areas
Runoff Supply Rate (q): - (o] i in./hr. (function of 1)
Time of Concentration (Tc): A\ 1-’4hrs./mins. (function of 1)
Iterative Solution of T : il hrs.
Rainfall Iatensity (1) at T.: 2.2 in./hr. Equation for T¢:
Runoff Supply Rate (q) at Tg: v = in./hr. Te = Db (Lnga)'3 q-.4 hours.

50 (sc).lo

Peak Discharge:

Note: For impervious areas,
CN* = 99 (constant).

1.008 gA (acres): - ' cfs.

645.33qA (square miles): Q95T cfs.,

T s S e RS By




RAINFALL DATA SHEET

Return Period

Precipitation Values (inches)

(Years) 6 Hour Duration 24 Hour Duration
Map Corrected Map Corrected
vValue Value Value Value

2 e ). G 1,93 | .45
5 2.1 2.13 e, 2.2
10 2.45 2.4 2. D 360
25 2.09 290 2.7 2.5
50 330 2, %) J.2- H4.1 R
100 303 5.1L,9) 5.7 H-69

*3 = 2 LS

\-e\b(_\ - o Sl

1%




(inches)

Depth

Precipitation

Latitude : | | Longitude

1))

2 5 0 25 50 100

Return Period in Years, Partial- Duration Series

Precipitation Depth Versus Return Period For
Partial - Duration Series

W
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ATXRRRARALRARLARXRARRAKARRRRARKLARRRRRKREXXRXAKKKXRARAR

¥ WATER SURFACE SROFILES *
* VERSION OF VCVEMBER 1976 *
* UPDATED MAY 1984 ¥
* IBM-PC-XT VERSION AUBUST 1985 *
* RUN DATE 04-19-88 TIME 12:19:18 *

AEXRKLARRAXRERXRXXAXRXAXRAARKXAXKRXRARXARALKKRRXXARRR LR

X X XXX XXXXX

X X X X X

X X X X

XXXXXXX XXXX X XXX
X XX X

X X X X X

X XXX XXXXX

XXX

KRATARARRRAXRTALARLALARARLRRRTIIALLLRARY
1S, ARMY C09FS OF CNGTNESRS *
X THE HYDROLOGIC ENGIVECRING CENTER *

¥ §09 SECOND STRSET. SUITE D '
£ 0AVIS, CALIFORNIA 95616 :

% {916) 440-2:05 (FTS) 448-2105

LARXXARKRARRRARRARARARIIRARAARILARARRR2L

x




04-19-88 12:19:18 ‘ PAGE 1

THIS RUN EXECUTED 04-19-88
xxxxttx:!xttxxtxxxxxxxxtxltx:ttxxxxxtt:xxxxllxx:xx
- | HEC2 RELEASE DATED NOV 76 UPDATED MAY 1984
ERROR CORR - 01,02,03,06.05.0%
MODIFICATION - 50.51,52,53,56.55.56
_ IBN-PC-XT VERSION AUGUST 1985

ARXRAXRSRRRARZXRRKAARRAKARARARKARRERARRRARRRARXRERLR

SPLIT FLOW BEING PERFORMED

SF NORMAL DEPTH METHOD USED -- SREAKOUT IS SUBCRITICAL

I
P 0 0 g 0 0

TN CROSS SECTION 12 TO 13 -~ SLOM 7O LEFT OVERBANK
| 2 12 13 -1 M5 008

— N 0 4037 220 406.2

| N CROSS SECTION 1370 16 - <Lou TO LSFT oveRaANK
N | w2 13 L S (R i ‘
l N0 406.2 200 408.5

TN CROSS SECTION 16 7015 -- FLOW TO RISKT OVESBANK (IRIB)
- N2 1 15 -1 45 oS
N6 0 &0 m 4125

TN CROSS SECTION 1S 70 16 -- <0N ™0 7GHT QVESBANK (TRIB)
| L . B 1~
| 825 2 43

TN CROSS SECTION 16 70 17 -- L0 TO RIGHT QVERBANK {TRIZ)
2 % 17 ST 1.
AL S5 RN 0T S

35

5 ™ CROSS SECTIN 177018 -- FLOM 0 RIGHT OVFRBANK (TRIB)
NS 2 17 18 -L .48 (308
Y6 0 818 280 4217
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04-19-88

12:19:18

TL FLOOD PLAIN DELINEATION FOR
T2 MILLSTONE MANOR DRATNAGEWAY--EXISTING CONDITIONS

T3 IRONWOOD WASH SREAK-OUT

X2

LYE

IS

g1

X1

LI=E

X1

GR

X1
GR
GR

{YE KR=

BE=

X1

TCHECK

NPROF

1.000

045
4.000
10.000
§00.000
400.000

11.000
10.000
402.000
401.000

12.090
403.700
404.000

13.000
406.200
£06. 000

14.000
£08.500
408.000

15.000
£12.800
412,500

16.000
416.400

17.000
420.000

418.000 -

18.G00
421.000

JON FIRLLER 3/23/88

™ NIW IR SR
2. 0. 0. -1.000000
IPLOT  PRFVS  XSECV  XSECH
000 -1.000 000 0o
045 040
S00.000  750.000  1000.000
8.000 1%.000  230.200
000 398000 125.00
230.000 430,000 285.700
9.000 120000 130.000
.000 .000 .00
000 400000 50.0
170,000 400.000  209.000
7.000  80.00  100.99
000 602.000 80,700
30000 £06.200  343.%0
7000 3300 56.700
000 4%6.000 1500
140.000  407.500 27079
7000 8000 7000
000 408.000 8.0
182,000 610.000  270.30
6.000 61000 13100
000 612000 6170
270.000 .00 Rl
5.000  281.000 301200
000 416,000 190.70
6.000 150000 191000
000 418000 55,0
386900 000 0
6000 110.000  280.%90
000 420000 1070

METRIC
.00
FN

.00

300
1250.000
000
400.000
400.000

200.000

£00.500
400,000

160.000
401.000

210.000
404.700
000

200,000
406,000
.00

30.000
41,200
280,000
414,000
220,900

418,000

200,000
£20.000

HVINS

.0

ALLOC

000

RLLY
RiLY
.00
140.000
400.000

150.000

85.000
213.900

190.008
$0.000

230.000
13.000
190,000

15.000

320,900
80.000
Rity

260,000
281,900

270.0m0

180.700

260,900
280.%0

IBH

WEL O
0. 00.000
CNINIT
o0 .00

000 000
000 000
€00.000  176.000
000 000
180.00  .000
000 000
00000 120.000
0200 60.000
170.000 900
€200 100.000
000 000
210.000 000
B850 42.00
.00 000
200.000 000
6.0 32.000
000 000
300.000 000
€200 131.000
230.000 000
46,00 301.000
260,000 000
4750 170,000
260.000 000
62070 370.000

.000

RACE

000

2

.8 g
g888 28888

404.700

408,000

.200-

412,500
.0

415.000
.00
418.000

.ooe

.0
.00

PASE 2

43 33883

130.000

.0oe

000
172.000
.000
.000
400,000

191,000

000
.0

X




04-19-28

LRI=E

BB =

LIBE

DRB=

19.000
£25.300
§24.000
£24.000

20.000
428.000
427.000

21.000
$31.000
430.000

2.0%
434,500
£36.000

12:19:18

14.000
.000
250.000
¢00.000
8.000

.000
315.900

8.000
.000
204,000

10.000
X0
265.00
RLLY

234.000
424,000
422,000
423,600

135.000
426.200
$28.000

129.000
630.000
430.000

245.700
436.000
432.900

.00

287.900
120.200
263.000
440.700

258.900

80.000.

350.000

204.000
68.000
230.500

372.000
28.000
279.000

36c.000
424.000
424.000
426.500

310.000
426.700
428.500

270.000

£30.000
431.000

250.000
434,000
432.000

R

235.000
166,000
287.000
468.000

230.000
135.000
375.000

260.000
129.000
340.000

250.000
163.000
295.000

.000

270.000
423.000
£22.100
425.000

275.000
426.000
00

265,000
429.500

250.000
433.500
434.000

000

.000

' 205.200

333.000
505.000

.000
24,000
€26.000

428.600

430,000

.0
434,000

§36.200

.00




0¢-~19-88 12:19:18
SECNG  DEPTH  (WSEL  (RIWS  WSELK
0 9.08 oCH GROB AL0B
TN vi08 VCH VROB N
SLOPE  XLOBL  XUCH XLOBR  ITRIAL
2PROF 1
CCtV= 100 CEHV= .30
*SECNO 10.000
3265 DIVIDED FLOW
3720 CRITICAL OEPTH ASSUMED
10.00 1,47 399.47 399.47 400.00
366. 351, 15. 6 5.
.00 4,67 2.48 0o RU1S
.030326 0. n. 0 0
*SECNO 11.000
11,00 1,18 401.18 .00 .00
366, 142, 28. 196, 83.
03 iR 2.40 1.42 045
003364 200, 180, 150. 5
*SECNO 12,000

3685 20 TRIALS ATTEMPTED WSEL.CNSEL
3693 PROBABLE MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEOTH ASSIMED

12.00 2.09 4039 409 .00

366, 75. 19, 96. 28,

04 2.68 6.12 2.8 045

014689 160. 1. i90. 2
*SECND 13.008

13.00 1.97  405.57 .0 .00

366. 29. 20, 136, .

.06 2.58 5.0 2.5 045

. 008466 20. 219, 230, 3
*SECNG 14.000

14.00 .79 7.7 .08 .00

366, 0. 366, 0. g.

07 .00 5.5 .00 048

RINLC 200. 0. 190, 2

399.%9

.040
18

601.22
12,
.040

403.46
32.
.040
17

405.83
&1,

.0s0

408.26
67,
.040

AR08
R
TCONY

o

.45

045

2%
52.
048

s~

CORAR

g88~8

PASE

0L03S  BANK ELEV
THA  LEFT/RIGHT

ELMIN - 55TA

TOPWID ENDSY
00 400,00

0. 400.%0
398.00 33.38
128,71 2113
.03 400.00

1. 400.00
§00.00 20.48
32.85 347.03

406.00

57.32

402,00
¢02.00
28.55

165.60

404,00
404.70
18.86

12L.97

408.00
408.00

.73

.08

A




74-19-38 12:19:18
SECNG  DEPTH  CWSEL  CRIWS
¢ 008 oCH GROB
TIME VL8 VCH YROB
SLOPE  XLOBL  XiCH YLOBR
*SECNO 15.000
15.00 2.17 412,17 41191
366. 1. 356, 10.
.09 .68 3% 96
011047 300. 300, 320,
*SECNG 16.000
3280 CROSS SECTION 16.00 EXTENDED
16.00 1.16  415.16 00
369. .. 107, 183,
Al 2.58 4.6% 2.81
012646 280. 230. 260,
*SECNO 17.000
3280 CROSS SECTION 17.00 EXTENDED
17.00 1.02  418.52 A0
474, 126, 111, 240,
A3 2.3 3.% 2.41
013023 220. 268. 278,
*SECNG 18,000
18.20 (86 420.84 .0
300, 62. 609, 30,
16 1.61 2.88 1,61
007680 200. 240. 260.
*SECNO 19.200
3265 DIVIDED FLOM
19.00 1.80 423,80 42377
$00, 9. 147, 296,
.18 2.55 4.90 £.35
020114 300. 270, 235,

WSELK
ALOB
N
ITRIAL

.00

065
10

€6
AH
YNCH
m

£12.46
82.

16 CEEY

.00
3.
U
&

£15.34
23,
040

0

.51 FEET

.00
52.
048
)

&

L=
o~
~ n

.0

.045
3

§18.63
.
040

0

820,99
162
040

£24.08

.40
17

hid
AROB
R
ICONT

.28
10.
.065

.18
65.
.065

[
co ra
by b

045

voL
WIN
CORAR

88«

88«%x

4

S e

38k

3.08

.300
.00

PAGE

0L0SS  SANK £LEV
THA  LEFT/RIGHT

ELMIN

TOPHID

¢10.00
157.98

il

414,90
12473

01

17.50

3.4

420.20
305.82

£2.00
20%.50

85TA
ENDST

£12.90
£12.00
47.84

205.83

414.00
414,00

8.7

400.00

418.00
18.00
40.86

384.00

§20.00
¢20. %
18.31

328.13

€24.90
£24.90

173.62

654,32

0




04-3%-88 12:19:18

JPTH  CNSEL  CRIMS
2.08 aCH (OR08

T w8 VCH VROB
SLOPE XLOBL  XiCH XLOBR
*SECN0 20.000
2.0 .96 426.9% .00
500. 136. 357. 7

200 228 3.m 1.69
007080 310. 275. 230.

*SECNG 21.900
7185 MINIMM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED
2.00 1,07 430.57 430.57
50, 149. 258. 93.
.22 3.27 &.75 2.86
025122 270. 265. 260.

*SECNG 22.000

3265 DIVIDED FLOW

2.00 1.95 433,95 .08
5. 12. 488, a.
v 110 3.58 .00

008205 250. 25C. 250.

WSELK
ALOB
N
ITRIAL

0.
.045

46,
045

£6

XNCH

£27.08
118,
040

430.82

048

434,15
136.
040

H
AROS
XNR
1cent

e~

.45

PAGE

H 0L0SS  BANK ELEV

VoL THA
uTN ELMIN
CORAR  TOPWID

.0
it.
426,00
219.7%

. ad
g8 ~%

12.
429.50
263.04

88 =

3.32 01
9. 3.
000 432,90
000 173,96

L EFT/RIGHT

$STA
ENDST

426.00
£26.00
£6.38

266.13

¢30.00
430.00
29.40

292.4

£36.00
636,00

166,46

369.92

fa,




04-19-88

12:19:18

TN CROSS SECTION 12 TO 13 -- FLOW TO LEFT OVERSANK

!
| o
1

VG MAX AV TOF TP

AREA  VELOCITY DSPTH  DEPTH  WIDTH  WIDTH
4 .0 .0 .00 2200 0

4S9 QCOMP  ERRAC  TASO )
.00 .00 .00 .00 .00

TN CROSS SECTION

TOTAL  AVG MAX  AVE TOF TOP
D AREA VELOCTTY OEPTH  OFPTH  WIDTH  WIDTH
i 4 00 00 0 0.0 L0
ASQ  OCONP  SRRAC  TASO Te0

.00 .00 .00 0 0

TN CROSS SECTION 14 TO 15 - FLOW TO RIGHT OVERBANK (TRIB)

TOTAL  AVS HAX AVG TOF TP
AREA  VELOCITY OEPTH  OEPTH  WIDTH WIDTH
.0 .00 .00 00 2.0 Ry
Asq Geomp ERRAC TASG oy
.00 00 .08 .00 .00

TABER
.00

1370 16 -- FLOW TO LEFT QVERBANK

TABER
.00

TABER

.00

NITER

NITER

NITER

TN CROSS SECTION 15 70 16 -- FLOW TO RIGHT OVER3ANK {TRIB)

TOTAL AV MAX AVG o
AREA  VELOCITY DEPTH DEPTH  WIDTH
6.0 .43 16 .08 230.0
ASQ oM ERRAC TASQ
2.62 2.62 15 2.62

P

7.

WINTH

S

-,0
{
e

2.62

T43ER

.15

NITER

0sHs
7 403.093

0sus
7 405.570

0SS
7 407.789

OSHS

7 612,172

PAGE

Usus
405.570

0SSN0
12.000

USSNO
13.000

Usus
407,789

Dssne
13.000

USSNG
14,000

USHS
412,172

DSSNG
14.000

UssNa
15.000

USWS
415,160

DSSNG
15.000

USSNQ
16.000

v




{
|

04-19-88 12:19:18

TN CROSS SECTION 16 T0 17 -- FLOW TO RIGHT OVERBANK (TRIB)

TOTAL A6 HAX AYG TOF 0P
AREA  VELOCITY DEPTH DEPTH WIDTH WIDM
93.0 113 .52 38205.0 2780

ASO 0o ERRAC TASQ (o] TABER
105.45  105.46 01 108.07 108.08 .01
TN CROSS SECTION 17 T0 18 -- FLOW TO RIGHT OVERBANK (TRIB)
TOTAL  AV6 MAX AVG ToF T0P
AREA  VELOCITY DEPTH DEPTH WIDTH WID™
2.1 .95 .82 .26 280.0 105.8

ASe olore ERRAC TASG e TABER
25.67 25.67 03 1388 18 .08

NITER

NITER

OSHS Usws
7 415.160 418.516

) UISWS
7 418,516 ¢20.840

DSSNO
16,000

DSSNO
17.000

USSNG
17.00

USSNO
18.000

PAGE

8

%




04-19-88 12:19:18

RXXXRRXAXRZRRARRRRARRAXZXAXRRAXIRRARRARAARXRRRRRRAR

HEC2 RELEASE DATED NOV 76 UPDATED MAY 1984
ERROR CORR - 01,02.03,04,05.06
MODIFICATION - 58,51,52,53,54, 55,56
18M-PC-XT VERSION AUGUST 1985

RAXRXXXRARREAXKARZXRXARARALARKRRXRAKRRXKXKRRARRRE R KR

n

12

738 =75

J1OICHECK INg NINV IDIR STRY
0. 3, 0. 0. -1.000000

J2 NPROF IPLOT PREYS XSECV XSECH

2.000 000 -1.000 000 .000

PAGE

THIS RUN EXECUTED 04-19-88

METRIC  MVINS 0 WSEL F9
.0 .0 0. 400.000 .000
FN ALLDC I8 CHNIM TTRACE

000 000 .000 .000 .000

Rt




06-19-88  12:19:18
SN0 DEPTH  CMSEL  CRINS
0 O0B  OCH  GROB
T VOB Vo vRoe
SLOPE  XLOBL XLCH  XLORR
. *PROF 2
V= 100 CEHV= 300
*SECNO 10,000

VSN

3265 DIVIDED FLOW

3720 CRITICAL DEPTH ASSUMCD
10.00

&79. 448, 3. 0.

.00 4.83 2.88 .00

.028278 0. 0. 0.
*SECNO 11.000

11.00 L3 40133 .00

&79. 181. 34, 264,

i) 1.88 2.5% 1.56

.003353 20. 180. 180.

*SECNO 12.000
3685 20 TRIALS ATTEMPTED WSEL.CWSEL

3693 PROBABLE MINIMUM SPECIFIC ENERGY

3720 (RITICAL DEPTH ASSUMED

1200 225 (8.5 325
e TR TR )
% 2% 658 2.%

014950 160, 17, 199,

SEONC 13.000 0
3w 280w
479, &, 29 190

05 2.8 545 2.85
008655 210, 28, 230,

*SECNO 14.000
7185 MINIMUM SPECTFIC TNERGY
3720 CRITICAL DEPTH ASSUMED
14.00 2,16 408.16 408.16
9. 0. 460, 19.
06 67 5.18 1.05
Q12132 0. - 200 190.

163 399.63  399.63

WSELK
ALOB
w
TTRIAL

400.00
93.
045

¢

.00
97,
045

.00

045

14,
045

£6

XNCH
¢

399.97
11.
.040
10

401.38
13.
.040

403.65
38,
040
17

406.08
.
040

408.5

040

R
1CONY

.35

045

.08
169,
045

.40
18.
045

s&

WIN

888

28 -4

1ot

B3~ g

~>
o~
N

88

28«2

ELMIN

PAGE

0L0SS  BANK ELEV
THA  LEFT/RIGHT
SSTA

TOPNID

398.00
148.95

400.00
345.80

£06.00
183.48

ENOST

400.00
400.90
23.3%

216.93

400.00
400.00
17.00

362.80

402.00
402.00

2.0
175.20

404,00
404.00
16.95

130.90

408.00
408.00

S.47

188.96

10

25




04-19-88  12:19:18
SECNO  DEPTH  CWSEL  CRIWS
0 OLOB  OcH W08
TIME VLB VCH YROB
SLOPE  XLOBL  XLCH  XLOBR
*SECNO 15.000
7185 MINTMM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED
15.00 2.2 412,26 412.26
679, 3, 453. 23.
08 100 515 1.3
016171 300, 300, 320,
*SECNO 16.000
3280 CROSS SECTION  16.00 EXTENDED
16.00  1.37 415.37 .00
499. 111, 127, 262.
40 258 461 3.0
010059 280, 230. 260.
*SECNO 17.000
3280 CROSS SECTION  17.00 EXTENDED
17.00 113 418.63 .00
703. 189. 152, 363,
A2 290 4 2.9
015233 220, 260. 270.
*SECND 18.000
3280 CR0SS SFCTION  12.00 EXTENDED
18.00 1.06  621.04 00
750, w114, 583. 53.
.15 1.8 3.2 1.83
00745 200, 20, 760,
*SECNO 19.000
7185 MINTMM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSLMED
19.00 2,05 426.95 426.05
750. 119, 172. 459,
.16 3.02 £3 6.2
020585 300, 270. 235.

WSELK  E6 W

AOB  ACH  AROS
W ONH R
IRIAL  I0C  ICONT
00 412,65 .39
T RV 2
045 .00 045
3 8 0
.37 FEEY
00 415.% .18
3. 2. 8
065 .00 065
5 0 0
.63 FEET
00 618.80 .17
5. %6 121
S 060 045
5 0 0
05 SEET
00 2118 L6
0. 8. x.
045 060 085
3 8 0
0 263 %
¥ B 1.
S 060 045
9 o) 0

s&

WTN
CORAR

B3 ~% 28R BErg EE-ER

88~8

PAGE

0L0SS  BANK ELEV
WA LEFT/RIGHT
ELMIN .SSTA
TOPVID  ENDST

00 412.00

5. 412.00
41000 4130
181,32 222.63

02 416,00

6. 416.00
(14,00 218.4¢
181.56  400.00

00 418.00

7. 418.00
7.8 3.7
346,30 384.00

L0 420,00

9. &20.00
§20.00 gl
335.57 338,87

O 820,00

1, 424,00
422,00 115.78
35391 669.89

1

%




t 04-19-88 12:19:18 PAGE 12

SECNO  DEPTH  CWSEL  CRIMS  WSELK €6 W H 0L0SS  BANX ELEV
8 oL ot 0R0B ALOB  ACH ARGE VL THA  LEFT/RIGHT
T vLo8 VCH VROB XNL XNCH xR WIN ELMIN - 3STA
SLOPE ~ XLOBL  XLCH L08R ITRIAL IOC ICONT  CORAR  TOPWID  ENDST

*SECNG 20.000

3265 OIVIDED FLOW

20.00 .19 4272.19 .00 00 €27.36 12 3.05 01 426,00
750. 2A7. 520. 13. 82. 147. 1. 9. 13. €26.00
.19 2.64 3.5 N 048 .040 045 000 426,00  35.80
007162 310. 275, 230. 5 0 0 00 6.9 32181
*SECNO 21.000

7185 MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED
21.00 1,23 430.73 430.13 00 431,05 .32 32 06 430.00
750. 235, 357. 157. 63. 67. 48. 1. 15, 430.00
.2 3.7 5.3 3.2 .045 048 .045 L0000 429.50  18.23
.024406 270. 265. 260. 2 8 ) 00 292,27 310.81

*SECNO 22.000 .
22.00 2,18 43.18 .00 .00 434,42 .24 3.3 01 436,00
750. 7. 678. 1. 5.7 166. 2. 12, 17. 436,00
22 1.3 4.99 .61 045 .040 045 L0000 432.00 17.9%¢
. 008505 250. 250. 250, 4 0 0 00 392t 397.15

Y




04-19-88 12:19:18 PAGE 13

f ™ CROSS SECTION 12 T0 13 - FLOW TO LEFT OVERBANK
POTOTAL AV MAX AV6 TOF TP
AREA  VELOCITY OEPTH OEPTH WIDTH  WIOTH

0 0 .00 .00 200 .0

ASQ GCoMP ERRAC TASQ 19 TABER NITER  OSWS Usws DSSNO USSNO
.00 .20 .0 .00 .00 .00 7 403,253 405.778  12.000  13.000
TN CROSS SECTION 1370 14 -~ FLOW YO LEFT OVERSANK
TOTAL  AVS MAX AW T0F 0P
AREA  VELOCITY DEPTH OEPTH WIOTH WID™H
.0 .08 .00 .60 200.0 .0 :
ASQ ocone ERRAC TASQ 108 TABER NITER 0sus Usks DSSNG USSNO
.00 .00 .00 .00 .08 .00 7 405.778 408.158  13.000  14.000
TN (ROSS SECTION 14 TO 15 - FLOM TO RIGHT OVERBANK {TRIB)
TOTAL  AVG MAX Ave TOF (4
AREA  VELOCITY DEPTH  OEPTH WIDTH WIDTH
.0 .0 .00 e 270.0 .0

ASQ ocone ERRAC TASS 10O TABER NITER 0sWs USWS DSSNO USSNO
.00 .00 .00 00 .00 .00 7 408.158 4£12.258  14.000  15.000

TN CROSS SECTION 1S 70 16 -~ FLOW YO RIGHY OVERBANK (TRIB)

TOTAL  AVG MAX AVG TOF ToP
AREA  VELOCITY DEPTH  DEPTH  WIOTH  WIDTH
2.1 .76 .37 (19 2300 139.7

ASQ ocomP E3RAC TASQ o] TABER NITER DSWS UsS 0SS0 USSNO
18,97 19.97 874 19.97 19.97 .02 7 412,258 415.374  15.000  16.000

!
|
|
|
|
{
i
|
!
|

{




0é-19-88 12:19:18 PAGE 14

i TN CROSS SECTION 16 70 17 — FLOW TO RIGHT OVERBANK (TRIB)

TOTAL AV MAX  AVE  TOF TP
AREA  VELOCITY OEPTH DEPTH WIDTH WIDTH
138.2 148 .63 .50 275.0 275.0

ASQ ocome ERRAC TASQ 100 TABER NITER DSWS Usws  DSSNe USSNO

203,92 20897 020 2390 23.% 02 7415374 418,631 16.000 17.000
TN CROSS SECTION 17 70 18 -~ FLOW TO RIGHT OVERSANK (TRIB)

TOTAL  AVG HAX AVG T0F Toe

AREA  VELOCITY DEPTH DEPTH WIDTH WIDTH

£3.2  1.08 83 32 280.0 136.9

ASQ ocowp ERRAC TASS T00 TABER NITER  O5WS USWS OSSN0 USSNO
.71 46.73 03 27061 270.67 02 7 418,631 ¢21.040 17.000  18.000




i
|
|

04-19-88 12:19:18

ARXRRXRARRRXRRRRXAXXAXIRZAXRRRXLRAAIALERRRKARRIAZERR

HEC2 RELEASE DATED NOV 76 UPDATED MAY 1984
ERROR CORR - -01,02.03.04,05.06
MODIFICATION - 50,51,52,583,54,55.%
I18M-PC-XT VERSION AUGUST 1985

AXRRXEXERXARKRRKRARARKXRAKRRAZRLALAXIRARR AR RARKRRRAR

T
T2

T30 = 1000

N OICHEKK I NINV I0IR STRT

0. 4. 0. 0. -1.000000

J2 NPROF IPLoT PREVS ~ XSECV  XSECH

3.000 000 -1.000 062 .000

a"‘

PAGE 15

THIS RUN EXECUTED 04-19-88

Koy 7%t

METRIC  HVINS @ WSEL 9
.00 .0 0. 400.000 000
FN ALLXC | CHNIM TTRACE




D4-19-88 12:19:148
SECNO  DEPTH  CHSEL  CRINS ~ WSELX ES
0Lo8 OCH OROB ALOB AH
TIM V.08 VCH YROB b ANCH
SLOPE XLOBL  XL(H XLOBR  ITRIAL IDC
PROF 3
CCHy= 100 CEHv= 300
*SECNO 10.000
3265 DIVIDED FLON
3720 CRITICAL DEPTH ASSIMED
10.00 1.7 399.76  399.74 400.00 400.12
586. 537. 49, 0. 106, 18,
.00 5.07 .2 .00 .045 040
028410 0. 0. 0. .0 7
*SECNG 11.000
11.00 1.45  401.45 .00 .00 401,90

586. 27, 3. 3%. 0. 14,

03 198 27 166 .S 040
00328 200. 80, 150, ¢ g
*SECNO 12.000

3685 20 TRIALS ATTEMPTED WSEL.CWSEL
3693 PROBABLE MINIMM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSMED

200 2.3CQL® @38 .00 3.8

6. 43, BL 82, 45 K.

0 318 695 318 LS .04
o555 160, M. 1. @0
SSECNO 13,000

B0 235 4595 0 W 4062

586. 52. 289, 265, 17. 50.

.05 3.05 5.83 3.06 BUL) .040
.008868 210. 210. 230, 2 0
*SECNO 14,000

7185 MINIMUM SPECIFIC EERGY
3720 CRITICAL DEPTH ASS™ED

14.00 © 2.32 08.32 408.32 00 408.72
586. 1. 528. 60. L. 9.
.06 1.02 5.8 138 048 Rh]
011145 0. 0. 9. 2 3

NR
ICONT

o

045

40

045

38"

CORAR

83823

88w

Lo :
3803
o

838w5

8 «R

PAGE

0LOSS  SANK ELEV
TMA  LEFT/RIGHT
ELMIN SSTA
TOPWID  ENDST

.00 ¢00.90

398.00
163.16

16.29
220.88

.03 400.00

1. 400.00
400.00 - 13.92
362.86  376.78

£02.00
402.00
4.9

182.89

—
ron

88 ™

O 40600

3.0 60600
0360 15.43
122,58 138.01

.02 408.00

§.  408.00
406.00 2.93
193.01  195.%4

16

QI“




{
b

04-19-88  12:19:18
SECNO  OEPTH
0 LB XM
TIE V0B WH
SLOPE  XLOBL  XLCH
*SECND 15.000

7185 MINIMM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

15.00 242 £12.42  412.42
586. 9. 518, 59.
08 1.3 520 1.68
012260 300, 300, 3,
*SECNO 16,000
3280 CROSS SECTION  16.00 EXTENDED
16.00 1.48 415.48 .00
628. 143, 152, 33
A0 2.87 5.3 3.45
011329 280, 230, 260,
*SECND 17.000
3280 CROSS SECTION  17.D0 EXTENDED
172,00 127 418.77 .0
921. 25, 185, 482,
A2 3 &2 A
01385 220, 0. 200.
*SECNO 18.000
3280 CROSS SECTION  18.00 EXTEVOED
l 18.00 118 £21.18 0
1008, 173. 7. 78.
} 26 2% L wm
] 007900 200, 240, 260,
*SECNO 19.000
g 19.00 2,19 £24.19 426,13
i 1000. 18¢. 2%, 592.
A6 318 e 43
.0190% 300, 270, 235,

0R08
VR08
XLOBR

CNSEL RIS WSELX

€6 W

LIL

. .<,.
88~-3 28~ g

28

ALOB  ACH AROB VL
N XNCH XAR
IRIAL IDC ICONT  CORAR
0 412,80 .38
7. 100. 35.
048 .040 045
2 8 0
.48 FEET
00 415,70 .28
5. 30. 97.
048 040 .04S
5 ] 0
.77 FEET
A0 418,96 .19
81, 42. 148.
S .040 .045
5 0 9
.19 FEET
OB 421,36 .18
7. 202. 37
.5 040 048
3 0 0
Q0 424,48 28
8. &7, 13,
.0é8 .00 045
2 17 2

PAGE

0L0SS  BANK ELEV
THA  LEFT/RIGHT

ELMIN
TOPNID

410.00
226.43

416.00
186.2¢

417.50
350.12

10.
§20.00

342,94

12.

622.00.

373.12

- §5TA
ENDST

412.00
412.00
28.67

255.10

41¢.00
414.00

213.76

£00.00

£18.00
418.00
33.88

384.00

§20.00
§20.00

362.94

424.00
§26.0C

102.07

475.1¢

17

Q[oo o

W




04-16-88 12:19:18
SECNO  DEPTH  (WSEL  CRIWS
¢ oLo8 ocH GR08

TIE W08 VCH wReB
SLOPE  XLOBL  XUOH  MLORR

*SECNO 20.000
3265 DIVIDED FLOW

20.00 1.37 42037 .00
1000. 299. 678. 2.
.18 2.98 £.02 1.73

. 007684 310. 275. 2%0.

*SECNO 21.000
7185 MINIMM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSIMED

21.00 1.38 430,88 430.88
1000. 323. 448, 2.

18 4.04 5.77 3.49
.022386 270, 265. 260.

*SECNO 22.000

3280 CROSS SECTION 22.00 EXTENDED
22.00 2,33 43633 .00
1000, 187. 835. 8.

2 .73 .49 1.18
.008777 250. 250.  2%0.

WSELK
ALOB

ITRIAL

100.

wn

.00
80.

.04

5

E6
ACH
XNCH
Inc

£27.58
169.
.040

431.2¢

040

.14 FEET

.00

91
04

5

634.60

186.
.040

AROB

ICONT

.21
13.

65,

.045

§5&7

3.10
i1,

328
13.
.000

3.35
14,
.00
.00

PAGE

0LOSS  BANK ELEV

THA  LEFT/RIGHT

ELMIN
TOPWID

01
1§,
426.00
269.58

$STA
ENDST

£26.00
£26.00
27.9%

327.99

.06 430.00

16.
429.50
318.63

.0t
18.
432.00
391.00

¢30.00
8.16
3%.79

43¢.00
434.00

$.00

400.00

8

Qloo




04-19-88 12:19:18

TN CROSS SECTION 12 70 13 -- FLOW TO LEFT OVERBANK

TOTAL A6 MAX AV TOF  ToP
AREA  VELOCITY OEPTH DEPTH WIDTH WIDTH
.0 .00 00 .0 2200 R

AU QCOP ERRAC A TC0 TABR
0 e 0 e 0 .00
TN CROSS SECTION 137016 — FLOW TO LEFT OVERBANK
TOTAL A6 M A TOF ToP
AREA  VELOCITY DEPTH OEPTH  WIDTH  WIDTH
0 .00 0 .00 200 0

ASQ 0COMP  ERRAC TASQ 00 TABER
.00 00 .00 .00 .00 .00

TN CROSS SECTION 14 70 15 -- FLON 7O RIGHT OVERBANK (TRIB)

TOTAL A6 MAX AYs TOF 0P
AREA  VELOCITY DEPTH ODEPTH  WIDTH  WIDTH
.0 .00 .00 00 270.0 Rij

ASG 0comp ERRAC TASQ 100 TABER
Ri3) .00 .00 .06 .00 .00

TN CROSS SECTION 15 10 16 -- FLOW TO RIGHT CVERRAMK (TRIB)

TOTAL  AVG MAX AVS TOF Top
AREA  VELOCITY DEPTH DEPTH  RISTH  WIOTH
47.4 .99 .48 26 230.0 1984

ASO L8, o ERRAC TASG o] TABER
£2.46 42.58 27 §2.46 42.58 ¥y

NITER

NITER

NITER

NITER

7

7

7

7

0SS USHS
403,382 - 405.952
DSNS USks

405,952 408.317

DSWS USHS
408.317 412.62

ISWS USWS
§12.426 415,478

DSSNO
12.00C

DSSNO
13.000

DSSNG
14,000

DSSNG
15.620

USSNO
13.000

USSNO
14.000

USSNG
15.000

USSNO
16.090

PAGE

0’ ov




04-19-88 12:19:18

TN CROSS SECTION 16 70 17 -- FLOW T0 RIGHT OVERBANK {TRIB)

TOTAL  AV6 MAX AV6 TOF ToP
AREA  VELOCITY DEPTH DEPTH WIDTH  WIDTH
7.4 170 N .62 275.0 215.0

ASQ OCOMP  ERRAC  TASO 100 TABER

. 29238 %192 A3 3%77 0 3%.50 .08
TN CROSS SECTION 17 70 18 -~ FLOW TO RIGHT OVERBANK (TRIB)
TOTAL AV MAX AV TOF TOP

AREA  VELOCITY OEPTH DEPTH  WIDTH  WIOTH

66,4 123 .77 .38 2800 162.5

ASQ oConP ERRAC TASQ Ce TABER
79.29 79.48 200 416,06 413.95 .03

NITER

NITER

osus USHS 03SNO
7 415.478 418.769  16.000

0SS UM 0SSN0
7 418769 421183 17.000

USSNO
17.000

USSNO
18.000

PAGE

Q(a\')




06-19-88

12:19::8

RRARXARKEXARRXAKRRXRAZANIRXXRRXXRRRXARRRXRRAKRRLARR

HEC2 RELEASE DATED NOV 76 UPOATED MAY

1984

ERROR CORR - 01,02,03.04,05.06
MODIFICATION - 50.51,52,53,54,55,56
[BM-PC-XT VERSION AUGUST 1985

RXRZRARRRKARRARKRRRAIRR AR RRRXRARKARRX KR AR XRXK ALY

n
12
730 =125

J1 ICHECK

N NINV IDIR STRY
5 0. . -1.000000
PLOT  PRFVS XSECY XSECH

00 -1000 000 000

METRIC  HVINS
.00 0
FN ALLDC
.000 .00

18w

0.

.000

THIS RUN EXECUTED 04-19-88

WSEL Fo
400.000 .000
CHNIN TTRACE
000 .000

PAGE 21
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{%w&

12:19:18
SECNG  DEPTH CWSEL  (RINS  WSELK
8 a8 OCH GROB ALOB
TN VLB Ve VR0B XN
SLOPE  XLOBL  XLCH XLOSR  ITRIAL
*PROF &
CCHv= 100 CEHv= 300
*SECNO 10.000

3265 DIVIDED FLOW

3720 CRITICAL OEPTH ASSUMED

10.00 1,83 399.83 399.83 400.00
679. 612. 67. 0. 17,
.00 5.2 3.47 .00 045
028123 0. 0. o. g
*SECND 11.000
11.00 L8 401.5% .00

N 2.07 2.8 L7

.00
679. 248, 19 387. 120,
. 068
.003257 200. 180. 150. ¢

*SECND 12.000
3685 20 TRIALS ATTEMPTED MSEL,CWSEL
3693 PROBABLE MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED
12.%¢ 2,48 403.48 403,48 .00
679. 172, 287, 220. S1,
04 3.3 7.7 3% .045
.015568 1640, 17e, 192,

*SECNO 13,000
13.00 2,88 406,08 .0 .00
679. 64, 8. 298. 2.
.05 i 6.06 3.26 .045
008850 210. 210. 230. 2

*SECND 14.000
7185 MINIMM SPECIFIC ENERSY
3726 (RITICAL OEPTH 4SSUMED

16.00 2,62 4D8.42 408.42 00
679, 2. 580, 97. 1.
.06 123 5.51 1.89 045
.010%¢7 N i) 190, 2

£6
ACH
XNCH
I

600,23
19.
.040
12

401,60
15.
.040

£03.92
40,
040
17

406,44
52.
.040

408.83
105.
.040

ARGS
XNR
ICONT

223,
045

.45
65.

91.
.045

.41
51.
045

g #

CORAR

888

28 -«

. ~N . . .
83 «~g g8r~g

P

38~2

OAGE

0L0SS  BANK ELEV
THA  LEFT/RIGHT

ELMIN
TOPWID

$STA
ENDST

.00 400.90

0. 400.00
398.00 10.58
176,67  226.07

.03 400.00
1. 400.00
400.00 1192
316.20 3811

A2 402.00
2 402.00

401,00  10.97
177.96  183.53

.01 406.00
R PR 12 W ]
403.60 8.86
138,23  47.09

.02 408.00
& 438.08
406.00 1.3
199.39  200.82




04-19-88  12:19:18
SECNO  DEPTH  CHSEL  CRIWS
0 0B ocH  oRe8
TME V0B  WH  VROB
SLOPE  XLOBL  XLCH  XLOBR
*SECNO 15.000
3280 CROSS SECTION  15.00 EXTENDED

7185 MINIMUM SPECIFIC ENERGY

5.0 2.53
9. 16,
08 147
011680 300,
*SECNG 16,000
3080 CROSS SECTION
16.00 1.5
B 1.
BURNX,
012002 280
*SECNO 17.000

3280 CROSS SECTION

17.00 1.38

133, 319,

A1 3.36

.013298 228,
*SECNO 18.000

3280 CROSS SECTION

18.00 1.3
1250. 235.

A3 2.62
.008322 200.

*SECNO 19.000

19.08 2.3
1290. 287,

18 3.3
017439 300.

3720 CRITICAL DEPTH ASSURED

412,53  412.83
570. 93.
5.32 1.89
30C. 3.

16.00 EXTENDED

415.58 00
174, 406.
5.5 3.0
230. 260.
17.00 EXTENOED

£18.88 00
217, 598.
4.66 3.50
260. 270..

18.00 EXTENDED

421,31 .00
910. 104,
4,07 2.28
280, 260.

626,33 4%
2n.. 7.
€9 4,45
270. 235.

WELK 6
AOB  ACH

IRIL IC

.03 FEET

.00 422,91
i1. 107,
.045 040
2 8

.58 FEET

00 415.%
57. 32.
048 040

.88 FEET.

00 419.10
95. 47.
045 040

§ 0

.32 FEET

0 42183
%0. 228,
045 .043
3 0

.00 424,63
77. 55.
.45 %0

8 17

w R
AROB V0L
XNR WIN
ICONT  CORAR
.38 3.42
49. 5.
.045 .000
0 .00
2% 2.92
107. 6.
045 .000
0 .00
.28 3.25
171 7.
045 .000
o .00
2 2.43
46. S.
.045 .000
8 .0
.30 3.08
162. 1.
.045 .030
0 .02

.05 BANX ELEV
WA LEFT/RIGNT
£ MIN SSTA
TOPHID ENOST

.00 il?.(?

5. 412.00
£10.00 20.%
49,43 270.00

01 414.00
1. 41400
£46.00 209.23
190.77  400.00

.00 418.00
8. 418.00
417.50  30.67
93,33 .00

00 40.00
0. 420,00
420.00 Rl
349.65 349.65

.02 624,00
2. 2600
i22.00 8.38
190.90 480.27

23




4-15-88 12:19:18

SECNG  DEPTH  (WSEL  (RINS  WSELK

¢ o8 OocH OROB
TIE VOB VCH VR08
SLOPE  XL0BL  XLOH  XLOBR

*SECNG 20.000
3265 DIVIDED FLOW

20.00 1.51 422.51 .00
1280. 382. 831. 36.
17 329 446 1.8
.008285 310. 275. 230.

*SECNG 21.000
3280 CROSS SECTION  21.00 EXTENDED

7185 MINIMUM SPECIFIC ENERGY

- 3720 CRITICAL DEPTH ASSUMED
21.00 1.52 431.02 431.02
1250. 412 531 306.
.18 823 602 3.66
20141 2. 268, 260.

*SECNO 22.000
3280 CROSS SECTION 22.00 EXTENOED

0.0 2.47 (%47 .00
1250, 250, 9%, 16.
200 208 4.8 1.61
009314 250, 2%0. 250.

. [
38 vy

PAGE

0L0SS  BANK ELEV
TWA  LEST/RIGHT
ELMIN SSTA
TOPNID  ENDST

00 426.00
15, 426.00
26,00 2055
287.97  333.03

04 430.00

16, 430.00
429.50 .00
340.00  30.00

01 63400
19, 6%.00
32,00 2.13
397.87  400.90




| o988 121908

TN CROSS SECTION 12 70 13 -- FLOW 70 LEFT OVERBANK

TOTAL  AVG MAX A6 TOF 0P
AREA  VELOCITY DEPTH DEPTH WIDTH WIDTH
0 0 .00 00 220.0 .0

A0 OCOP  ERAC  TASD T TABER
; 0 TN TR I RN N |
|
!
j TN CROSS SECTION 137014 — FLON 70 LEFT OVERBANK
TOAL AYS WX AW TOF TOP

AREA  VELOCITY OEPTH  DEPTH  MIDTH  WIDTH

g 00 0 0 200 .0

O OCOP ERAC  TASD TGO TABER

i T T S BN N
TN CROSS SECTION 14 T015 -- FLOW TO RIGHT OVERBANK (TRIB)
TOTAL  AVE MAX AVG TOF  TOP

AREA  VELOCITY DEPTH DEPTH WIDTH  WIDTH

ST U, N S K B

ASQ oo ERRAC TASQ 109 TABER
.01 Ot 2.06 .01 .0 2.06

TN CROSS SECTION 1570 t6 -- FLON TG RIGHT CVERBAYK (TRIB)

TOTAL  AVG MAX AVG T0F e
AREA  VELOCITY DEPTH  DEPTH  WIDTM  WIDTH
69.9 1.0 .58 .30 230.0 2300

ASQ e ERRAC TASQ 108 TARER
! 73.70 73.69 02 n.n 73.70 .02

NITER

NITER

NITER

NITER

19

10

10

10

DSKS USHS  DSSNO  USSNO
€03.475 406.082 12.000 13.000

DSWS Usws DSSNG USSNO
606.082 408.423 13.000  14.000

DSkS Usks DSSNO USSNO
408.423 412,530  14.000  !5.000

OSWS 1SWS DSSNG USSNO
412,530 415.577  15.000  16.000

M8 B8

)




%-19-88 12:19:18

TN CROSS SECTION 16 T0 17 — FLOW TO RIGHT OVERSANK (TRIB)

TOTAL  AVG AX AV T0F 0P
AREA  VELOCITY DEPTH DEPTH WIDTH WIDTH
201.0 1.8 .88 .13 275.80 275.0

ASQ 000 ERRAC TASQ Ce TABER
380.66  380.70 010 65637 45489 .00
TN CROSS SECTION 17 70 18 -- FLONW TQ RIGHT OVERBANK (TRIB)
TOTAL AVS MAX AVS TOF ToP
AREA  VELOCITY OEPTH  OEPTH WIDTH WIDTH
8.1 1.36 .88 44 280.0 194.8

ASQ ocone ERRAC TASQ TC8 TABER
116,70 116,74 0 7L s .01

NITER

NITER

OSMS USHS
10 415.577 418.884

OSWS Usks
10 418.88¢ 421.313

DSSNG
16.000

0SSNO
17.000

USSND
12.000

USSNO
18.000

PAGE 26
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04-19-88

12:19:18

XEXXRRRARERARXA XKL AR ARXRIRRARARARRARRALXAREXARK KRR

HEC2 RELEASE DATED NOV 76 UPDATED MAY
ERROR CORR - 01,02,03,0¢.05.06

MCOIFICATION - 50.51,52.53,54.55,5%
I8M-PC-XT VERSION AUGUST 1985

ZXXIRXRRZRXXLIRAXRRRARRRARKRARRR KK AR XXX RRRRRKRARKR LR

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

00D WASH BREAK-OUT

SUMNARY PRINTOUT TABLE

SECNG

10.000
10.000
10.000
10.900

» % »m »

11,000
11,200
1.0
11.000

* 12.00
* 12,30
* 12.000
) 12,500

13.200
13.200
13.000
13.000

16.000
* 14,000
* 16,000
* 14,000

15.200
* 15.000
* 15.000
* 15,200

16.000
16.200
16,700
16,20

xLeH

8388

180.00
180.00
180.00
180.00

170.00
170.00
170,00
170,00

210.00
210.00
210.90
210.00

20.9%0
200.00
200.90
200.00

300.00
300.00
300.08
300.20

230.00
230.70
230.20
230.08

180

ELTRD

88338 238838

828338

838388 83888

88838 88388

flLc

8888 8838

1984

83383 83883 88388

B883 88388

ELMIN

398.00
398.00
398.00
398.00

400.00

400.00-

400.00
400.00

401.00
401.00
401.00
401.00

403.60
403.60
403.60
403.60

406.00
06.00
406.00
406.00

410,90
410,90
£10.00

£10.00

$14.90
414.00
416.70
616.00

9

366.25
479.39
585.9¢
678.93

366.25
679.39
585.9¢
678.93

366.25
479.39
588,94
678.93

366.25
§79.39
585.94
678.93

366,25
479.39
585.9%4
678,93

366.25
419.39
585.94
678.94

368.88
£99.36
628.41
752.64

CWSEL

399.47
399.63
399. 4
399.83

401.18
401,33
401.45
401.54

£03.99
403.25
403.38
403.48

405.97
405.78
405.95
406.08

407.79
408.16
408.32
408.42

412,17
§12.26
412,42
412,93

415.16
615,37
415.48
415.58

CRINS

399.47
399.63
39974

8288

403.09
403.25

403.48

8388

8

8

408.16
408.32
408.42

11,91

412.26
£12.42
612.5%

B3B388

THIS RUN EXECUTED 04-19-88

£6

399.79
399.97
£00.12
400.23

1.2
401.38
¢01.50
401.60

403.46
£03.65
£03.80
403.92

405.83
406.08
£06.29
406.44

408.26
408.56
408.72
408.83

£12.46
612,65
412.80
412.91

415.%4
£15.56
415.70
415,88

10K*S

303.26
282.78
286,10
281,23

33.44
33.83
32.8
32.57

146,89
149,50
151.55
155.48

84.86
86.55
23,68
88.50

180,66
121.32

- 11148

109.47

110.47
WL n
122.40
116.80

126:46
100,59
138
120.22

VCH

2.45
2.88

-3

3.47

2.4
2.%9
27N
2.8

6.12
4.58
5.95
1.21

- 5.00

5.45
8.8
6.06

5.5
5.18
5.3
5.51

§.3-

5.1%
5.4
5.32

§.61
.61
$.13
5.5

PAGE 27

AREA

81.9
103.60
121,19
136.62

232.04
278.77
322.41
358.00

95.85
119.14
139.80
156.05

103.64
126.72
146.7¢
163.37

66.60
107.26
137,14
158.02

93.21
107.75
141.83
167.08

118.96
187.12
176.04
19¢.80

K

21.03
78.51
%7
40.48

63.34

2.7
122.25
118,96

¥.85
30.27
32.92
£2.82

%
9.79
9%

SV




_ %-19-88  12:19:18 PAGE 28
SECN  XLOH  ELTRD  ELLC  ELMIN 0 (WSEL (RIS E5 1K' WM AREA .OIK
17.000  260.00 .00 00 €07.50 426,33 418.52 00 €18.63 13023 L% 183.06 1.5
17.000  260.00 .00 00 61750 3.9 18.63 00 418.80 1523 &2 2.7 %.98
— 17.000  260.00 .00 000 6750 9071 487 00 61896 1383 62 0.9 B2
17.000  260.00 .00 00 4750 U0 41888 00 41910 13298 466 321 98.28
18.000  240.00 00 00 60.00  S00.00 4208 .00 42095  76.80 2.8 198.31 5006
18.000  240.00 .00 00 42000 750.00 42104 00 2018 7245 327 %8.05 88.12
18.000  260.00 .00 00 €20.00 100000 42018 00 €213 100 371 31533 2.8
18.000  260.00 .00 00 620.00 1250.00 62131 00 62183 8.2 607 399.20 130.02
19.000 270.00 .00 00 62.00  S0.00 42380 42877 42608 0L 690 125.26  36.25
t o 19.000 27M.00 .00 00 62200 750.00 42605  426.05 62631 205.85 4.3 18708 5227
— 19.00  270.00 .00 00 62,00 1000.00 626,19 €613 648 190.5% 476 26110 7.4
% 19.000  270.00 .00 00 622,00 1950.00  426.33 42626 42463 17639 49 293.60  9.86
20.000  275.00 .00 D0 €26.00  S00.00 426,96 00 €7.08 7080 303 18133 59.42
- 20.000  275.00 .00 00 426,00 750.00 2719 00 422.3 762 3.5 23657 8.6
| 2.000 275.00 .00 00 €26.00 1000.00 42037 00 €758 768 e 28223 .08
20.00  275.00 .00 00 626,00 1250.00  427.51 00 €077 82.85 446 3235 13133
fo—
' *2L00  265.00 .00 00 629.50  500.00  €30.57  4.57 0.8 /L2 475 1239 355
boro 21000 265.00 .00 00 950 750.00  £30.73 43073 43105 2406 536 179 48.01
_ |+ om0 25 .00 00 629.50 1000.00° 63088 430.88 312 29.8 577 2321 5.9
! | 200 2500 .00 00 62950 1250.00  431.02 4302 43140 2141 6.02 26950  85.97
. 2.000  250.00 .00 00 632.00 . S00.00 3395 00 4315 8205 3.5 1473 55.20
- 2.00  250.00 .00 00 632.00  70.00 43418 00 %42 8505 609 22195 8132
2.000  250.00 0 00 632.00 100000 3433 00 63660 877 649 28360 1067
2.000  250.00 00 00 632.00 125000 43487 00 4%.77 0 B4 488 BLY N5
f—
-
~—
o—
-




04-19-88 12:19:18

00D NASH BREAC-OUT 10

SUMMARY PRINTOUT TABLE 150

SEM 0 (MSEL ~ DIFNSP  DIFWSX  DIFKHS  TOPMID  XLCH
' 10,000 36625 39.47 200 00 -8 s .0
*10.000 47939 3%9.63 A6 00 -3 w89 .00
* 10000 585.% 3N.% A 00 -2% 316 .0
* o 10.000 67893 399.83 S0 - ke .00

1000 366,25  401.18 0 L 00 32655 180.00
.00 619.39  401.33 A5 L7 00 %5.80  180.00
11.000  $85.%  401.45 A2 Ln 00 362.8  180.00

. 1.000  678.93  401.5 40 LM 00 3%6.20  180.00

|
to.00 3625 403.09 0 1t 0 137.05 170.00
* .00 9.3 0325 6 L9 .00 1.7 170.00
£ 12,000 585.9% 40338 .13 L% 80 16799 170.00
* 12,000 67893  403.68 08 L% 00 177.9% 170,00

13,000 366.25  405.57 00 248 00 1031 210.00
13.000 4R.39  405.78 2 2.5 00 11395 210.00
13.000  585.9%6  405.95 A7 2.97 00 12,58 210.00
13000 678.93  406.08 A3 2.6 00 13823 20.00
160000 366.25 407.7 0 22 .0 32 200

t 000 £79.39  408.16 37 .38 00 18348 200.00
t 000 5859 40832 16 2.% 00 19300 200.80
Y000 67893 40842 A 2% 00 199.39 200.00

15.000  366.25 412,17 80 638 50 15798 300.m

© 15000 479.39  412.% 09 410 0 8L 0.0
*15.000 5859 412.42 17 e 00 2643 30.00
tOIS.000 678.% 41253 A e 00 249.43 300,00

| 16.000  368.88  415.16 oM 2.9 0 L7 230.00
| 16,000 49.36  415.37 A 00 181.%  230.00
16,000 628.61  €15.48 A0 3.05 00 18626 230.00

| 16.000  752.66  £15.58 A0 305 00 19077 230.00

(

i 1200 67433 418.52 00 3.3 00 %306 260.00

;, 17,000 78X 418.63 At 3% 0 %630 2%0.00

1,000 9207 418.77 RTRRE W 00 350,12 260.00

! 12,000 13.30  418.88 12 33 00 333 20.00

18,00 S0.00  420.8 m L 00 305.8 0.0
18000 750.00 42034 2B 2.4 00 3657 20.00
18.000 1000.00 ¢20.18 2 2.4 2.9 2%0.M

20 9.5 2%0.00

18.000  1250.00  421.3% 13 2.43




L2 T N

04-19-88

SECNO

19.000
19.000
19.000
19.000

20.000
20.000
20.000
20.000

21.000
21.000
21.000
21.000

22.000
22.000
22.000
22.000

12:19:18

500.00
750.00
1000.00
1250.00

500.00
750.00
1000.00
1250.00

500.00
750.06
1000.00
1250.00

5§00.00
750.00
1000.00
1250.90

CWSEL

423.80
§26.05
42619
626.33

426.96
£27.18
§27.37
421.51

430.57
430.73
€30.88
£31.02

¢33.95
436.18
$34.33
434.47

DIFWSP

.00
2%
.15
14

.00
By
.18
A4

.00
.16
.15
A4

.00
23
.15
Q4

DIFWSX

2.9%
3.0t
3.0
3,02

3.15
3.18
3.18
3.18

3.61
3.5¢
3.51
3.51

3.39
3.45
3.45
3.65

DIFKWS

2888 83838 38383 B338

TOPWID

204.50
353.91
373.12
390.90

219.7¢
246,94
269.55
287.97

263.04
292.27
318.63
340.00

173.9%¢
N2
391.00
397.87

XLCH

270.90
270.00
270.00
270.00

275.00
275.00
275.00
275.00

265.00

%5.00

265.00
265.00

250.00
250.00
250.00
250.08

PAGE 30
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0é-19-88

12:19:18

SUMMARY OF ERRORS AND SPECIAL NOTES

CAUTION
CAUTION
CAUTION
CAUTION

CAUTION
CAUTION
CAUTION
CAUTION
CAUTION
CAUTION
CAUTION
CAUTION
CAUTION
CAUTION
CAUTION
CAUTION

CAUTION
CAUTION
CAUTION
CAUTION
CAUTION
CAUTION

CAUTION
CAUTTON
CAUTION
CAUTION
CAUTION
CAUTION

CAUTION

CAUTION

CAUTION

" CAUTION

- CAUTION

CAUTION
CAUTION
CAUTION
CAUTION
CAUTION

SECNO=
SECNO=
SECNO=
SECNO=

SECNO=

SECNO= -

SECNO=

SECNO=
SECNG=
SECNO=
SECNO=

SECNO=

SECNG=

SECNO=
SECNG=
SECNO=
SECNO=

SECNO=

SECNG=

ECNO=
SECNG=
SECNO=
SECNO=
SECNO=

SECNQ=
SECNG=

SECNG=
SECNO=
SECNG=
SECNG=
SECNO=
SECNG=
SECNO=
SECNG=

10.000
10.000
10.000
10.000

12.000
12.000
12.000
12.000
12.000
12.000
12.000
12.000
12.000
12.000
12,000
12,000

14.000
14.000

114,000

16,000
16.000
14.000

15.000
15.000
15.000

15.0C0

15.000
15.000

19.200
19.000

21.0%0
21.000
21.000
21,000
21.000
21.000
21.000

21,700

PROFILE= |
PROFILE= 2
PROFILE= 3
PROFILE= &

PROFILE= 1
PROFILE= 1
PROFILE= |
PROFILE= 2
PROFILE= 2
PROFILE= 2
PROFILE= 3
PROFILE= 3
PROFILE= 3
PROFILE= 4
PROFILE= ¢
PROFILE= 4

PROFILE= 2
PROFILE= 2
PROFILE= 3
PROFILE= 3
PROFILE= &
PROFILE= 4

PROFILE= 2
PROFILE= 2
PROFILE= 3
PROFILE= 3
PROFILE= &
PROFILE= 4

PROFTLE= 2
PROFILE= 2

PROFILE= |
PROFILE= 1
PROFILE= 2
PROFILE= 2
PROFILE= 3
PROFTLE= 3
PROFILE= &
“ROFILE= ¢

CRITICAL DEPTH ASSUMED
CRITICAL DEPTH ASSUMED
CRITICAL DEPTH ASSUMED
CRITICAL DEPTH ASSUMED

CRITICAL DEPTH ASSUNED

PROBABLE MINIMUM SPECIFIC ENERGY
20 TRIALS ATTEMPTED TO BALANCE WSEL
CRITICAL DEPTH ASSUMED

PROBABLE MINIMUM SPECIFIC ENERGY
20 TRIALS ATTEMPTED 7O BALANCE WSEL
CRITICAL DEPTH ASSUMED

FROBABLE MINIMUM SPECIFIC ENERSY
20 TRIALS ATTEMPTED TO BALANCE WSEL
CRITICAL DEPTH ASSUMED

PROBABLE MINIMUM SPECIFIC ENERGY
20 TRIALS ATTEMPTED 7O BALANCE WSEL

CRITICAL DEPTH ASSUMED
MINIMOM SPECIFIC ENERGY
CRITICAL DEPTH ASSUMED
MINIMUM SPECIFIC ENERSY
CRITICAL DEPTH ASSUMED
MINIMM SPECIFIC ENERGY

CRITICAL DEPTH ASSUMED
MINIMUM SPECIFIC ENERGY
CRITICAL DEPTH ASSUMED
MINIMM SPECIFIC ENERGY
CRITICAL DEPTH ASSIMED
MINIMUM SPECIFIC ENERGY

CRITICAL DEPTH ASSUMED
MINIMUM SPECIFIC ENERGY

CRITICAL DEPTH ASSUMED
MINIMM SPECIFIC ENERGY
CRITICAL OEPTH ASSUMED
MINIMUM SPECIFIC ENERGY
CRITICAL DEPTH ASSUMED
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MILLSTONE MANOR #6 ~ DRAINAGE INVESTIGATION:
By: Jon Fuller and Terry Hendricks

Date: March 18, 1988

INTRODUCTION

Millstone Manor #6 is a subdivision that was recorded in the mid-1950's. Cross-
ing diagionally from the northeast to the southwest is a sixty foot drainageway
which was platted and never constructed. This report will outline the hydro-
logy and hydraulic problems associated with primarily the lots in Blocks 1, 4,
and 5.

PROBLEM

All records indicate no engineering took place with regards to the potential
for drainage improvements within Millstone Manor #6. Recently, property owners
graded Lots 9-12, 20-24, Block 4; ZLots 12, 13 and 19, Block 5; and opened a
flow path along the platted drainageways which were never constructed. This
report will address what the flooding potential is for these lots, how future
permits should be processed and what type of flood problems can be expected.

WATERSHED CHARACTERISTICS

Millstone Manor #6 is affected by the Ironwogg Wash watershed (see Exhibit A.
The watershed was analyzed upstream of the evulsion that affects the sub-
division. It has a drainage area of 2041.6 acres 53% of which have Type D
soils. The rest of the soils are Type B. The 100-year discharge was calcu-

lated to be 2958 cfs. The hydrologic data sheets can be found at the end of

this report.

STUDY ASPECTS

By far the largest aspect as to how the Ironwood Wash affects the subdivision
is how flows are dispersed through the alluvial fan to the north. This fan
has two outlets, one diagonally through the subdivision, the other to the south
and parallel to the Neal Avenue alignment.

In determining the flow through the subdivision, four cross-sections were taken
through the fan area (San Joaquin Road, #1, #2, #3). These cross-sections are
shown on Exhibit B. 1In his analysis to determine the flow split throughout
Millstone Manor #6, Jon first determined the water surface elevation across
the entire cross-section. Then with this elevation, he determined the propor-
tioned discharge through the western split of the fan. The cross section data
points are contained in Packet #1. The table below summarizes this analysis:

WESTERN ALLUVIAL SPLIT FROM THE TRONWOOD WASH

Cross Section Water Surface Elevation Discharge

San Joaquin Rd. v -2441.,03 ft © 1741 cfs
1 2444 .31 ft 1535 cfs
2 2447.28 ft 1355 cfs
3 2451.66 ft 265 cfs
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In order to determine the nature of this fan, Jon and I researched historical
photos and performed a field investigation. The historical photos show the wash
is shifting more towards the east. Attached you will find a 1941 photograph.
Note how much more pronounced the wash is through the Millstone Manor sub-
division. The field investigation revealed the old flow path to the west is
catching debris. It also indicated more active vegetation growing in the split.
Such growth could induce even more debris entrapment.

Our field observations also indicated the embankments are very shallow (18
inches to 2 feet) and the wash bed is relatively flat with very large aggregate
(D50 = 5/8 inch). The overbank areas are coated with fine silty aluvian which
indicate frequent channel overtopping. Further down, the El1 Paso Natural Gas
gas line right-of-way has some earth berms which will :induce most of the sheet
flooding to the east.

Based on all of the above findings Jon and I felt the regulatory discharge
should be set at 1000 cfs. It should be noted since this is an alluvial fan

there exists strong possibility of further ,evulsions which may reduce or inc- «—

rease discharge through the subdivision. The avulsion is in an area not main-
tained by Pima County.

EXTSTING CONDITIONS

Using the 1000 cfs as the regulatory flow I calculated the flood limits through

Blocks 1, 4, and 5 of Millstone Manor #6. The cross-sections are labeled 4, 5,

and 6 on Exibit B. The cross-sections were measured from left to right looking
upstream. The input data for these cross-sections is as follows:

0.004 n-value = 0.045

Cross-Section 4 Channel Slope =
Station Elevation Station Elevation
0 2436 * 158 2434
20 2434 195 2434
115 2432 230 2434
122 2431.2 280 2436 *
134 2432
Cross—-Section 5 Channel Slope = 0.011 n-value = 0.045
Station Elevation Station : Elevation
0 2430 175 2428
48 s 2428 ‘ 188 2428
50 2427.9 195 2426.2
55 2428 202 2428
85 2428 240 2428
93 2427 270 2429
103 ' 2428 300 2428
150 2428 305 2428

160 2427 375 2430




Cross—-Section 6 Channel Slope = 0.012 n-value = 0.045
Station Elevation Station Flevation
0 2424 212 2423.2
. 98 2422.2 227 2422
135 2423.3 231 2421.2
159 , 2422 270 2422
165 2421.6 380 2424
177 2422

* Ending elevations were raised to contain flow.

Please note there is a very slight break out of flow near Block 7, Lot 1. The
summary of these calculations are on Exhibit C. '

PERMIT REQUIREMENTS

Figure 1 is a Mannings run of what the improvement 60 foot drainage right-of-
way would need to be to contain the 1000 cfs. For simplicity, vertical embank-
ments were assumed. Under these improved conditions the depth of flow through
the drainageways would be near 2.5 feet. (see Exhibit D). The existing const-
ructed channel invert lie approximately 6 inches below the natural wash beds
and there is a potential for break-out. Consequently, my recommendations for
permits are as follows:

Lots Block Requirements

9 & 10 1 Fill cannot be placed in wash braid. Mobile to
be orientated parallel to flow. No setback
required. Covenants are optional.

9 & 10 4 Structure to be parallel to flow and elevated 3
feet above the invert of the adjacent drainageway.
A solid structural toe for support of trailer is
required due to potential scour from overbank
flows. The toe down for this structural support
should be to the invert of the adjacent drainage-
way. Covenants are required.

11 & 12 4 18 inch elevation required, covenants are optional
20 & 21 4 Same as above
22-24 4 Same as Lots 2 & 10, Block 4
12 & 13 5 Same as lots 9 & 10, Block 4
19 5 Not permittable without engineering analysis.

The blockage of flow on this parcel will damage
both public and private improvements. All
violations on this lot must be rectified.
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FURTHER RECOMMENDATTIONS

Most of the flood free lots in Millstone Manor #6 have been developed. This
office will need to formulate a strategy for permitting on the remaining flood
prone lots. Several decisions need to be made in this regard. One of which is
how far should the County go into the construction of the drainageway. It is
my recommendation we generate more accurate floodplain maps for this subdivi-
sion in order for us to make the wisest decisions. T have started to accum-

ulate information for this subdivision to begin this process. We may wish to
have Jon finish work on this.

APPROVED BY:

James DeGrood, P.E., Supervisor, Date
Permits & Compliance Section

RTH:tf

%



EXHIBIT C

FLOODPLAIN CALCULATION ON CROSS SECTIONS 4, 5, AND 6
BASED UPON THE I CHANNEL PROGRAM

OPERATOR « TERRY HENDRICKS
PROJECT  :MILLSTONE MANOR#S X-SECTIONHA
DATE v QRS21/88

Max £1ow 360,58 Mirn elev 2431 .20

Maw aiev 24546, 00

9%, 91 GFS channelized flow rate at a level of 2434.82 feetlb.
down & slope of LO09000 €. drop /O FE. run . P
STaRT ELEV AREA FERIM FLOW RT VELOCITY 0OV
14,77 24%.08 2434, 52 279,25 ~ER. a2 299.91 .58

: TERRY HENDRICKS

OFPERATOR A
PROJECT  sMILLETONE MANMOR#S X-SECTIONH#D
03/21/88

2486, 20

Date
2450, 00 Max Flow 31z2.12 Min elev

Mawx elev

o f 2427,03 feet.

channel ired flow rate at a level
LOL1000 Ft. drop /O Ft. oruno
VELOGCITY OV

997,50 CFS5
down a slope of
STHRT ErD ELEY AREA FERIM FLOW RT
2. 30 541,02 2429,03 300,18 RiE. 44 o9, 50 3.33
OPERATOR @ TERRY HENDRICKS
PROJECT MILLSTONE MAMOR#S X-SUTIONRE
Date ¢ 03/21/88
Max elev 7ard, 00 Max flow 2096, 45 Min elev 421,80
1005.51 CFL charnnelized flow rate at a level of 2423,44 fest.
down a slope of LO12000 ft. drop /O Ft. run .
START END ELEV ARES PFERIM FLOW RT VELDCITY OV
AT, Fh 2425, 44 298, &4 218,49 1000.51 Ta e

- oy
Z0.72

4




EXHIBIT D

FLOW CALCULATIONS FOR THE CONTAINMENT OF 1000 CFS WITHIN
THE 60 FOOT DRAINAGEWAY (VERTICAL SIDE SLOPES ASSUMED)

NORMAL and CRITICAL DEPTH PROGRAM

R R

Newton?! s Method

Input Output

T e e 'l'l.I.l.l.lll.l.l-‘-.l.l.‘\faaha:-I.lB&;’..’U::-l:!.l.l.I.I.l.l:!.I?gz-f.I.l.l.l.l.l.I'I.I.l.l'l.l.l'l.l.l.l.l.l
FLOW RATE, cfs = ? 103G b yELOCITY = 7.12@
| kb TOP WIDTH, ft = 6. B
MANNING®S COEFFICIENT = ? .235 R gren = 14@. 457
bk UET PERIM = E4. 6O
CHANNEL SLOPE, ft/ft = 7 .81 ke HYD RAD = 2172
B CONVEYABNCE =  9999.999
CHANNEL BOTTOM WIDTH = ? 6@ B pv = Z. 341
B - 3. 128
SIDE SLOPE RATIO (h/v) = 7 B k  FroupE NO. = . 8@
:'i'l' ;’.Il.l.?.da;_ I].S'gm'l.l?.l.l::l.l.lll'l.l.l;j_.l. :"ll.l.l.l'l.l.!.l'l.l.l'l.l.l.l
bk YELOCITY @ CRITICAL DEPTH., ft/sec = 8. 126
CRITICAL SLOPE, ft/ft = T

Hit (Returr? Key to Continue . . .
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HYDROLOGIC DATA SHEET

Project Name and Location:

YLl <done  Mana e

Drainage Concentration Point:
Watershed Area (A): OY . (g

Length of Watercourse (L¢): 255,250

Incremental Change in Length (L{) - ft.

2

23,150

ft. Length to Center of Gravity (L.,):

) G’\AC) ; s

square miles.

\25 250 ft.

Incremental Change in Elevation (Hi) - ft.

e S

209,

Mean Slope (Sg): O2 (o ft./ft. Watershed Type(s): 5;2 ([bﬂ,ﬁq N :_IZ% ﬁlk#!future)
Basin Factor (np):  .O4dD (future) Flood Frequency: e} yrs.
P24 (24 hour): 4. (9 in. Areal Value: in.
Pg (6 hour) :\ | 2 (9 in. Areal Value: in.
P; (1 hour): 2.6D in. Areal Value: ia.
P (2 hour): 2.02. in. Areal Value: in.
P3 (3 hour): in. Areal Value: in.
Soil Group(s): =34 M) | A Cover Type(s):___ Doyer) —owoed
Covgt‘Density (pervious areas): 20 %4 Impervious Cover: oX {future)
CN(s): A, B> (pervious & impervious areas) CN*(s): 93.220.  ai.os
(curve number) (adjusted curve nucber)

Runoff to Rainfall Ratio(s),(C): .3 L5 (pervious areas) /A (impervious areas.
Runoff Supply Rate (q): « (p4] i in./hr. (function of 1)
Time of Concentration (T.): \OVD f"hrs./mins. (function of 1)
Iterative Solution of Tg: 5 hrs.
Rainfall Intensity (i) at T.: 3 ..7.2 in./hr. Equation for Te:
Runoff Supply Rate (q) a_ﬁ Te LAy in./hr. Tc = np (Lnga)'3 q-.& hours.
Peak Discharge: 0 (sc)-4

1.008 gA (acres): - cfs. Note: For impervious areas,

645,33qA (square miles):__995%

CN* = 99 (constant).

cfs.

LF




RAINFALL DATA SHEET

. (=
‘6\% T N S ek (\17\

2
> - 4 a0
oA

Return Period Precipitation Values (inches)
(Years) : ] 6 Hour Duration 24 Hour Duration
Map Corrected Map Corrected
Value Value :Value Value
2 /o /.Gl 1,93 | .95
5 2.1 2.13 2. Lo 2.2
10 .45 2.4 2. D\ 2.6l
25 2.09. 290D 3,7 3.5
50 3,30 3,2\ 4.2~ “H.1 2
100 3,03 2.9 5.7 H-69
H
Yz = 2L
*1_\ LR =Y ‘




Latitude ' Longitude
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Potential Drainage Improvements

Millstone Manor Number 6

Improvement Options and Costs

PREPARED BY:

Pima County Department of
Transportation and Flood
Control District

Primary Investigator
Terry Hendricks
Principal Hydrologist

q:;%;;YED BY

Kevin Eubanks, P.E.
Section Manager
Floodplain Management




POTENTIAL DRAINAGE IMPROVEMENTS
MILLSTONE MANOR NUMBER 6

By: Terry Hendricks

Date: October 19, 1989
INTRODUCTION

Millstone Manor #6 is a subdivision that lies in the Southwest
Quarter of Section 30, Township 14 South, Range 12 East. The
subdivision plat, recorded on May 21, 1956, was never approved by
the County Engineer or the Board of Supervisors. Within the last
two years approximately seven lots have been developed within the
low lying areas of the subdivision. In addition, the summer
monsoons of 1988 and 1989 have resulted in an increasing demand by
the residents of the subdivision to have Pima County construct and
maintain drainage improvements to reduce the flood impacts. This
report has been generated to assess structural options to control
the flooding through the subdivision.

HYDROLOGY

The hydrology for the watershed affecting the Millstone Manor #6
subdivision 1s documented in a report by Jon Fuller and Terry
Hendricks dated June 17, 1988. A copy of their report (Hydrologic
and Hydraulic Analysis and Recommended Guidelines for Millstone
Manor #6) is on file with Pima County Floodplain Management. The
report includes a permit requirement map which is currently being
used as a guideline for regulating development within the
subdivision. Figure 1 shows the floodplain that was determined
based on this report.

The subdivision is affected by the Ironwood Wash. The Watershed
is 2,041.6 acres in size. The one hundred year peak discharge was
estimated to be 2,958 cubic feet per second (cfs). Just upstream

of the development is a bifurcation. Analysis of this split

indicated approximately one third of the regulatory flow crosses
diagonally through the subdivision, the other two thirds flows
southerly, and eventually down the Neal Avenue road alignment (yet
to be mapped). Historical photos show the primary flow forty years
ago was diagonally through the subdivision and not around it. This
is nearly opposite of the current distributary flow conditions.
The 1,000 cfs crossing through the subdivision splits again. There
are several places where the invert of the natural flow path lies

1
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Figure 1
Ironwood Wash Floodplain

(west braid only)




significantly ocutside the platted drainageways.

IELD INVESTIGATION

A field investigation was warranted to determine the design
discharge and to assess different improvement options. Upstream
of the bifurcation, Ironwood wash is an incised channel (figure 2).
Stereo photographs show the channel is well incised in the upstream
watershed. This is atypical of most of the watersheds that feed
into Avra Valley from the Tucson Mountains.

Figura 2 Lockling upstream within the Ironwood Wash.
The photograph was taken upstream of the bifurcaction.
Soils in and around the bifurcation region vary in composition.

The channel bed through the split flow area is composed of coarse
gravel and angular cobbles. The abundance of rock within the
channel (figure 3) will have an armor ing effect whick would prevent
the wash from deepening. The overbank soils consist of fine silty
53;15 (figure 4). Just downstream of the split the rock content
i t

-

-he overbank flow path increases (figure 5). Due to the
abundance of small rocks and the amount of fine erodible so0ils
around the channel banks there will continue to be rhawqes in the
proportions of discharge into and around the subdivision.

Lad
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Figura 5 Downstream of the hifurcation, in the overbank

flow areas, the rock contenk of the solls increases.

The vegetation will also effect the distribution of flows. The
vegetation within the split flow area consists of large mesquite,
palo verde, and ironwood trees, In addition there are copious

amounts of a variety of desert brush.

FI
downstream. The litter from the wvegetation 1is creating natural
debris dams which have had the effect of removing more flew from

going through Millstone Manor Number o,

igure & is a photograph taken within the Ironwood wash looking

ASSUMPTIONS AND COSTS

In decermining the various improvement options several assumptions
had to be made, Some of the specific assumptions for each
alternative will be discussed in the next section of the report.

to the variability of flow distribution upstream of the

Due to

subdivision a design discharge of 1,500 cfs was used. It should
be noted that this design value will be too low if western avulsion
O

ccurs upstream of San Joaquin Road. Judging the wvegetation
patterns in the historical photes, such a scenario is not
improbable. This report does not address the potential to make
improvements within the bifurcation area.



ctaken looklng downstrIeam at

roungd 1ls limiting the runeff throongh

igure 7 shows the three alignments studied for structural
improvements. The alignments have been put on an overlay on an
aerial in order for the reader to understand the alignments in
respect to the developed conditions. Two of the alternatives
ollow a natural flow path. other represents a diversionary
' ' ! 7 does not the width of the alternatives.

be described within kables 1.1, 2.1, and 3.1 in the next

All of the propos: 1 increase the discharge onto federally

) t increased discharge on these parcels
hould be pointed out that the U. 5.
Government ind between the western edge ¢f the
subdivision Arizona Project Canal. It is likely
some work wil e needed downstream of any of the three alignmenis
i t constructed channels. Such work

approved by the appropriate federal

osts were determined based on information given to the author from
ndividuals within the department. The cost assessments

made in this report are general in nature. Each alternative has
an associated contingency cost. Contingency costs vary with eac
] Those alternatives which would need more site

improvements have the high contingency
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In many areas the invert of the natural wash system lies outside
of the proposed drainageway alignments. It is likely areas on
private property will need to be filled. This report does not
reflect costs associated with material placed outside of the
alignments shown on figure 7.

FINDINGS

ALTERNATIVE 1 The first alternative studied places the design

discharge through the platted drainageways. The platted
drainageways roughly follow one of the flow paths within the
subdivision. Because the right-of-way is narrow (sixty feet) a
fully lined channel 1s necessary. The lack of maintenance

easements adjacent to the channel require the bottom of the channel
to be the maintenance access. Due to the weight of our equipment
the bottom of the channel would have to be constructed with
concrete rather than gunite.

The average slope for this channel is 0.01 ft./ft. A Mannings
roughness coefficient of 0.02 was used for a fully lined concrete
channel with one to one gunite side slopes. The hydraulic
assessment of this channel can be found on table 1.1.

Table 1.1.
Hydraulic Parameters for Alternative #1

LEFT SIDE SLOPE 1 101
RIGHT SIDE SLOPE 1701
BOTTOM WIDTH (FT.) 42
CHANNEL SLOPE (FT./FT.) 0.011
N-VALUE 0.02
DEPTH OF FLOW (FT.) 2.50

DISCHARGE (cfs)

1,500

VELOCITY (FT./SEC.)

13.46

AREA (SQUARE FT.)

111.43

WETTED PERIMETER (FT.)

49.08

FROUDE NUMBER

1.54

The costs for alternative 1 is shown on table 1.2.

This alignment

did not necessitate the purchase of any right-of-way with the
exception of a small portion of land at the outlet to the
drainageway in block 20. In order to fully assess this option,
more detalled engineering 1s needed. Such an analysis may
demonstrate the need for additional land in those areas where the
channel will have to make abrupt turns (Dudley and Floyd Streets),
and where the natural invert lies significantly outside the

8




platted alignment (Blocks 5, 10, and 11).

Table 1.2
Cost Breakdown for Alternative Number 1
Totally lined channel 1890 feet
Concrete bottom 79,380 square ft. $227,830
1l to 1 Gunite side slopes 161.7 cubic yards $ 4,851
Grubbing 2.6 acres $ 1,301
Earthwork 7787.5 cubic yards $ 19,469
Subtotal $253,451
Six dip sections 200 ft. by 50 ft.
Twelve 3 ft. by 1 ft. by 100 ft.
cut-off-walls 1,200 linear feet $ 48,000
Twelve 2 ft. by 1 ft headers 600 linear feet 5 9,000
Four inches aggregate base 733 cublc yards $ 4,767
Two inches asphaltic concrete 370 cubic yards , $ 20,300
Ammonium Lignin Sulphonate 6,667 square yards $ 11,667
Earthwork 2,400 cubic yards $ 6,000
Subtotal $ 99,734
Two inverted crown roads/drainageways total length 900 feet
Earthwork 4,000 cubic yards $ 10,000
Four 3 ft. by 1 ft. by 60 ft.
cut-off-walls 240 linear feet 5 9,600
- S8ix 2 ft. by 1 ft. headers 360 linear feet $ 5,400
Six inch aggregate base 1,000 cubic yards $ 6,050
Three inch asphaltic concrete 500 cubic yards $ 27,405
Ammonium Lignin Sulphonate 6,000 square yards $ 10,500
Subtotal $ 68,955
Other costs
Land 22,500 square feet $ 9,000
Engineering $ 18,000
Contingencies (15% of total cost) $ 67,371
Subtotal $ 94,371
Grand Total - $516,511

ALTERNATIVE 2 The second alternative also follows a natural flow
path. With this option The concrete drainageways within blocks 1
and 4 would still need to be constructed. Runoff would diverge
from the platted drainageways in block 5 and follow the western
flow split through blocks 6 and 7. Due to the small lot sizes
extensive right of way would need to be acquired. Some of the
right-of-way acquisition would include the purchase of residential
structures (figures 8 and 9). The alignment would allow a wider
channel to be constructed and thus eliminate the need for bed and
bank erosion control structures. In addition this alignment would
have fewer dip sections and no inverted crown roads.

The average slope for this channel was 0.013 ft./ft. A Mannings
roughness coefficient of 0.03 was used for the earthen channel.
The hydraulics for the concrete lined channel would be the same as
that shown in table 1.1. The hydraulics of the earthen channel
through blocks 5, 6, and 7 can be found in table 2.1. The costs

9
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for alternative 2 are detailed in table 2.2.

Table 2.1
Hydraulic Parameters for Alternative #2
Barthen channel only
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T 1

RIGHT SIDE SLOFE 3 TO 1

BOTTOM WIDTH (FT.) 82

]

T.) 0,013

CHAMNEL SLOFE (FT./

N=-VALUE 0.03

DERTH OF PLOW [PT.) 2.03

DISCHARGE (ufs) 1,300
VELOCITY ([FT./SEC.) 8,58

ARER {SQUARE FT.) 174.84

WETTED PERIMETER (FT.| 32. B4

FROUDE NUMBER 1.10

Figure 8 This photograph was taken locking west on Edmond. The chanmel
for alternative 2 would lie to the right of the truck and through
the area where the mebile homes are in the background.




Table 2.2
Cost Breakdown for Alternative Number 2

Property acquisition *
Lot I?, Block 5

land and single-wide mobile $ 27,000
Lot 19, Block 5 land and single-wide mobile $ 27,000
Lots 17, 18 Block 5 land 5 6,000
Lots 31, 32 Block ¢ land and single-wide mobile $ 28,000
Lots 33, 34 Block 6 land and masonry home $ 55,000
Lots 35, 36 Block 6 land and single-wide mobile $ 6,000
Lots 5, 6 Block 7 land and single-wide mobile $ 28,000
Lots 7, 8 Block 7 land and single-wide mobile $ 28,000
Lots 17, 18 Block 7 land and single-wide mobile § 28,000
Lots 19, 20 Block 7 land and single-wide mobile $ 28,000
Lots 21, 22 Block 7 land and double-wide mobile $ 41,000
Lots 23, 24 Block 7 land $ 6,000
Lots 25, 26 Block 7 land $ 6,000
Subtotal $314,000
Totally lined channel 540 feet
Concrete bottom 22,680 square feet $ 79,380
1 to 1 Gunite side slopes 46.2 square yards $ 1,386
Grubbing 0.74 acres $ 372
Earthwork 2,225 cubic yards $ 5,563
Subtotal $ 86,701
Two paved dip sections 200 ft. by 50 ft. ’
Barthwork 800 cubic yards $ 2,000
Four 3 ft. by 1 ft. by
50 ft. cut~off-walls 200 linear feet $ 8,000
Four 2ft. by 1ft. headers 200 linear feet $ 3,000
Four inch aggregate base 244 cubic yards $ 1,588
Two inch asphaltic concrete 123 cubic yards $ 6,767
Ammonium Lignin Sulphonate 2,222 square yards $ 3,889
Subtotal $ 25,245
Earthen channel 1859 feet long
Grubbing 4.25 acres $ 2,124
Earthwork 14,544 cubic yards $ 36,362
Subtotal $ 38,486
Other costs
Engineering ’ $ 10,000
Contingencies (10% of total cost) $ 47,443
Subtotal $ 57,443
Grand total $521,872

* All of the land acquisition lies within Millstone Manor Number 6
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north at the home on ;
2 thls home wouold have tea be purchased.

ok B Lil#k

ALTERNATIVE 3 The last alternative studied was that of a
diversionary channel adjacent to and north of the Albert Road
alignment. Leots 1, 10, 11, and 12 of Tucson Mountain Park Estates
would need to be purchased for drainage right-of-way. Right of way

ha pe purchased within a parcel of land owned by the
Marana School District. The channel would lie along the right side
of the road shown on figure 10.

case with the earthen channel portion of alternative 2,

channel will not need to be stabilized with concrete.

age slope of the channel was calculated to be 0.014 ft./ft.

information for the typical channel can be found on table
estimates for this channel are on table 3.2.

Takble 3.
Hydraulic Parametera for Alternative #3

r

EFT SIDE SLCPE 3 TO 1

RIGHT S5IDE S51OPE 3 101
BOTTOM WIDTH (FT.) Ed

CHANNE SLOPE (FPT:/FT:) 0:.014

W=VAL .0
PTIi W O (FT.) .9
HARGE cfs) i,500
VELOCITY (FT./5EC.) B. B8
AREA (SQUARE FT.) 160.8e

WETTED PERIMETER (FT.) 92,4




Figure 10 Thls photograph was taken locking weat down Che Albert
road zlignment., Alternative 3 would lie to the right of the road.

Table 3.2
Cost Breakdown for Alternative Number 3
Propecrty Acqulaitlon ®
Lot 1 land and single-wide mobile 5 359,424
Lot 10 land and single=-wide mobila 5 39,424
Lot 11 land and zingle-wide meobile 5 19,424
Lot 12 land and double-wide moblle 5 52,424
Marana School District lamd 3 45,455
Subtotal $218,151
Earbhwark (2,300 foobk long channal)
Grubbing 3.28 acres % 2,640
Excavatien 18,167 cubfic yards 5 47,917
subtakal 5 50,557
other
Englnesclng 5 7,000
Cantingencies (10%} £ 27,31
Subtatal £ 34,371
Grand total $301,079
T I Er ETEE———

*all lots lle within Tueson Mountain Park Estates

13



CONCLUSIONS

All three alternatives studied for structural improvements to
reduce the size of the Ironwood Wash Floodplain through Millstone

Manor #6 are costly. Two alternatives involve extensive right-
of-way acquisition. The bifurcation upstream of the development
is subject to change. Therefore the design discharge could be

exceeded even though the design flow is currently greater than the
current regulatory flow.

The watersurface elevations and velocities found in the hydrologic
and hydraulic report prepared by Fuller and Hendricks (June 17,
1988), do not indicate that developing on the floodprone lots is
prohibitive. Only a couple of lots might be considered unbuildable
because of the potential adverse impacts that would occur on
adjacent properties due to encroachment. Consequently, managing
development within the floodplain as it exists, may be a viable
alternative to structural flood control.

Should structural improvements be made alternative 3 1is
recommended. If the distribution of flow towards Millstone Manor
# 6 becomes larger, this alternative has the best potential to be
modified to convey more runoff.

The assumptions and calculations contained in this report are
general in nature. This information has been prepared to assist
the Flood Control District in deciding the best course of action
to manage the floodplain through the subdivision. Additional
information used in formulating this report can be found in the
Floodplain Management Section.
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APPENDIX

COST ASSUMPTIONS

LAND

Undeveloped land -residential 40¢

Undeveloped land -Marana School District $30

Large lot adjacent to platted drainageway
Millstone Manor Number 6 $ 5

Two adjacent 69 by 100 foot lots $ 6
Millstone Manor Number 6

IMPROVEMENTS

Single~wide mobile home $22

Double-wide mobile home $35

House (land included) $55

EARTHWORK

Grubbing $

Excavation $

CONCRETE

Concrete -4 inches thick with steel $

Gunite -4 inches thick with wire $

Cut-off-wall -3 by 1 feet with steel and -
excavation $

Headers -2 by 1 feet with steel and
excavation $

ROAD

Aggregate base, installed $

Asphaltic concrete, installed $

Ammonium Lignin Sulphonate $

15

per square foot
;000 per acre

;000
+000

, 000
;000
, 000

500/acre
2.50/cubic yard

3.50/square foot
30/cubic yard

40/1lineal foot

15/1ineal foot

6.50/cubic yard
54.81/cubic yard
1.75/square yard

Y



MEMORANDUM

Department of Transportation and Flood Control District

DATE: August 8, 1996

To: Tim Morrison, Manager FROM: John Hays, Hydrologist %%L_' '

Floodplain Management Floodplain Managemen
suBJECT:  Millstone Manor Number 6

My investigation of the flooding and erosion problems experienced by Millstone Manor Number 6 on the night of
August 1, 1996 indicates that the drainages, a portion of Ironwood Wash, through the subdivision are inadequate to
convey flow through the subdivision. A number of the channels in the development have been blocked and/or
diverted by fencing, walls, fill, and buildings. The flow through the area did not follow the floodplain for Ironwood
Wash, as shown in Potential Drainage Improvements: Millstone Manor Number 6, Improvement Options and Costs
prepared by Terry Hendricks for Pima County Flood Control District October 9, 1989. Attached is a copy of Figure
1 from the report. The floodplain of Ironwood wash is highlighted orange, and the location and direction of flows
from the August 1 event are indicated by red arrows. The depth of flow in most of these areas exceeded one foot,
and in some areas exceeded 2.5 feet.

A 1988 study by Jon Fuller and Terry Hendricks (Hydrologic and Hydraulic Analysis and Recommended Guidelines
Jor Millstone Manor #6) determined that the watershed for Ironwood Wash is 2,041.6 acres in size. The peak
discharge for the 100-year event was estimated to be 2,958 cubic feet per second (cfs). The analysis showed a split
in flow upstream of the subdivision. The split was a result of debris dams created by the vegetation in the area.
Analysis of the split showed that approximately one third of the flow of Ironwood Wash was being conveyed by the
branch that ran through the subdivision. Historic photos from the analysis indicated that the primary flow had been
through Millstone Manor #6 forty years earlier. The study also mentioned that the soil conditions within the
watershed, the channels of Ironwood Wash would be more subject to lateral migration than down cutting, It also
indicated the possibility of the primary flow naturally returning to the branch which runs through the subdivision.

On August 7, 1996, I investigated the area of the split in flow. Erosion in the area indicates the primary flow is
returning to the branch of Ironwood Wash affecting Millstone Manor #6. The mapped floodplain in the subdivision
is no longer representative of the flooding potential in the area. Flooding potential to life and property in the area
has increased. T would suggest you look into the possibility of a new study and/or policy for the area.

JEH

Attachment: 1

PCPD-02
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significantly outside the platted drainageways.

FIELD IMVESTIGATION

A field investigation was warranted to determine the design
discharge and to assess different improvement options. Upstream
of the bifurcation, Ironwood wash is an incised channel (figure 2).
Stereo photographs show the channel is well incised in the upstream
watershed. This is atypical of most of the watersheds that feed
into Avra Valley from the Tucson Mountains.

Figure 2 Looking upstream within the Ironwood Wash.
The photograph was taxen upstream of the bifurcation.

v M }' JUSt downstream of the split™
e%overbank flcw path increases (flgure 5)

Dué to'thé




significantly outside the platted drainageways.

FIELD INVESTIGATION

A field investigation was warranted to determine the design
discharge and to assess different improvement options. Upstream
of the bifurcation, Ironwood wash is an incised channel (figure 2).
Stereo photographs show the channel is well incised in the upstream
watershed. This is atypical of most of the watersheds that feed
into Avra Valley from the Tucson Mountains.

Figure 2 Looking upstream within the Ironwood Wash.
The photograph was taken upstream of the bifurcatioen.

Soils in and around the bifurcation region vary in composition.
The channel bed through the split flow area is composed of coarse
gravel and angular cobbles. The abundance of rock within the
channel (figure 3) will have an armoring effect which would prevent
the wash from deepening. The overbank soils consist of fine silty
sands (figure 4). Just downstream of the split the rock content
within the overbank flow path increases (figure 5). Due to the
abundance of small rocks and the amount of fine erodible soils
around the channel banks there will continue to be changes in the
proportions of discharge into and around the subdivision.



..

N

Figure 3 Composition of the wash bed is.made up of small angular
rock which would reduce the potential for the channel to deepen.

Figure 4 This photcgraph shows the fine soils
in the overbank region of the distributary flow.
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Figure 5§ Downstream of the bifurcation, in the overbank
flow areas, the rock content of the soils increases.

The vegetation will also effect the distribution of flows. The
vegetation within the split flow area consists of large mesquite,
palo verde, and ironwood trees. In addition there are copious
amounts of a variety of desert brush.

A;gthlllstoné Manor Numberj .

ASSUMPTIONS AND COSTS

In determining the various improvement options several assumptions
had to be made. Some of the specific assumptions for each
alternative will be discussed in the next section of the report.

Due to the wvariability of flow distribution upstream of the
subdivision a design discharge of 1,500 cfs was used. It should
be noted that this design value will be too low if western avulsion
occurs upstream of San Joaquin Road. Judging the vegetation
patterns in the historical photos, such a scenario is not
improbable. This report does not address the potential to make
improvements within the bifurcation area.

Al
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Figure 5 Downstream of the bifurcation, in the overbank
flow areas, the rock ccntent of the solls increases.

The vegetation will also effect the distribution of flows. The
vegetation within the split flow area consists of large mesquite,
palo verde, and ironwood trees. In addition there are copious
amounts of a variety of desert brush.

Figure 6 1is a photograph taken within the Ironwood wash looking
downstream. The litter from the vegetation is creating natural
debris dams which have had the effect of removing more flow from
going through Millstone Manor Number 6.

ASSUMPTIONS AND COSTS

In determining the various improvement options several assumptions
had to be made. Some of the specific assumptions for each
alternative will be discussed in the next section of the report.

Due to the wvariability of flow distribution upstream of the
subdivision a design discharge of 1,500 cfs was used. It should
be noted that this design value will be too low if western avulsion
occurs upstream of San Joaquin Road. Judging the vegetation
patterns in the historical photos, such a scenario is not
improbable. This report does not address the potential to make
improvements within the bifurcation area.
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Figure 6 This photograph is taken looking downstream at a natural debrls dam,
The debris in the background is limiting the runcff through the subdivision.

Figure 7 shows the three alignments studied for structural
improvements. The alignments have been put on an overlay on an
aerial 1in order for the reader to understand the alignments in
respect to the developed conditions. Two of the alternatives
follow a natural flow path. The other represents a diversionary
channel. Figure 7 does not show the width of the alternatives.
Those will be described within tables 1.1, 2.1, and 3.1 in the next
section.

All of the proposals will increase <the discharge onto federally
owned land. The impacts of increased discharge on these parcels
has not been assessed. It should be pointed out that the U. §S.
Government owns all of the land between the western edge of the

subdivision and the Central Arizona Project Canal. It is likely
some work will be needed downstream of any of the three alignments
in order to properly daylight constructed channels. Such work

would need to be properly approved by the appropriate federal
agency.

Costs were determined based on information given to the author from
various individuals within the department. The cost assessments
made in this report are general in nature. FEach alternative has
an associated contingency cost. Contingency costs vary with each
alternative. Those alternatives which would need more site
specific hydraulic designed improvements have the high contingency
costs.
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POTENTIAL DRAINAGE IMPROVEMENTS
MILLSTONE MANOR NUMBER 6

By: Terry Hendricks

Date: October 19, 1989

INTRODUCTION

Millstone Manor #6 is a subdivision that lies in the Southwest
Quarter of Section 30, Township 14 South, Range 12 East. The
subdivision plat, recorded on May 21, 1956, was never approved by
the County Engineer or the Board of Supervisors. Within the last
two years approximately seven lots have been developed within the
low lying areas of the subdivision. In addition, the summer
monsoons of 1988 and 1989 have resulted in an increasing demand by
the residents of the subdivision to have Pima County construct and
maintain drainage improvements to reduce the flood impacts. This
report has been generated to assess structural options to control
the flooding through the subdivision.

HYDROLOGY

The hydrology for the watershed affecting the Millstone Manor #6
subdivision is documented in a report by Jon Fuller and Terry
Hendricks dated June 17, 1988. A copy of their report (Hydrologic
and Hydraulic Analysis and Recommended Guidelines for Millstone
Manor #6) is on file with Pima County Floodplain Management. The
report includes a permit requirement map which is currently being
used as a guideline for regulating development within the
subdivision. Figure 1 shows the floodplain that was determined
based on this report.

The subdivision is affected by the Ironwood Wash. The Watershed
is 2,041.6 acres in size. The one hundred year peak discharge was
estimated to be 2,958 cubic feet per second (cfs). Just upstream
of the development is a bifurcation. Analysis of this split
indicated approximately one third of the regulatory flow crosses
diagonally through the subdivision, the other two thirds flows
southerly, and eventually down the Neal Avenue road alignment (yet
to be mapped). Historical photos show the primary flow forty years
ago was diagonally through the subdivision and not around it. This
is nearly opposite of the current distributary flow conditions.
The 1,000 cfs crossing through the subdivision splits again., There
are several places where the invert of the natural flow path lies
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significantly outside the platted drainageways.

FIELD INVESTIGATION

it eld investigation was varranted to determine the design
ﬂljc“ar?e and to assess difke.e”L improvement options. Upstream
of the bifurcation, Ironwood wash is an incized channel (figure 2).
Stereo photographs show the channel is well incised in the upstream
watershed. This 15 atypical of most ﬂf the watersheds that feed

into Avra Valley from the Tucson Mountains
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S0ils in and around the bifurcation reglion vary 1n composition.

channel bed through the split flow area is composed of coarse
gravel and angular cobbles, The abundance of rock within the
channel :figl e }) will have an armoring effect which would prevent
the wash from pening., The overbank sclls consist of fine silty
sands q;igurL %}. Just dewnstream of the split the rock content
within the overbank flow path increases (figure 5). Due to the
abundance of small rocks and the amount of fine erodible soils
around the channel banks there will continue to be changes in the
proportions of discharge into and around the subdivision.
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ek which would reduce the potentlal for the channel te deepen,

tograph shows the fine soils

in the overbank region of the distributary flow.
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Figura 5 Downstream of the bifurcatlen, lan the asverbank
flow areas, the rock content of the solls lncreasas.

vegetation within the split flow area consists of large mesguite,
palo verde, and ironwood trees, In addition there are coplous
amounts of a variety of desert brush.

The wvegetation will also effect the distribution of flows. The

Figure & is a photograph taken within the Ironwood wash looking
downstream. The litter from the vegetation is creating natural
debris dams which have had the effect ¢of removing more flow from
going through Millstone Manor Number 6.

ASSUMPTIONS AND COSTS

In determining the variocus improvement options several assumptions
had to be made, Some of the specific assumptions for each
alternative will be discussed in the next section of the report.

the wvariability of flow distribution upstream of the
rision a design discharge of 1,500 cfs was used. It should

a O
i
oo
o it

(o]

ad

be noted that this design value will be toc low if western avulsion
cccurs upstream of San Jcagquin Read. Judging the vegetation
patterns in the historical photes, such a scenario is not
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mprobable. This report does not address the potential to make
improvements within the bifurcation area.
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The debris in the background 15 limltling the runoL!

Figure 7 shows the three alignments studied for structural
improvements. The alignments have been put on an overlay on an
aerial in order for the reader to understand the alignments in
respect to the developed conditlions. Two of the alternatives
follow a natural flow path. The other represents a diversionary
channel. Figqure 7 does not show the width of the alternatives.
hose will be described within tables 1.1, 2.1, and 3.1 in the next

ctic
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All of the proposals will increase the discharge onto federally
owned land. The impacts of increased discharge on these parcels
has not been assessed. It should be pointed out that the U. 5.
Government owns all of the land between the western edge of the
subdivision and the Central Arizona Project Canal, It is likely
some work will be needed downstream of any of the three alignments
in order to properly daylight constructed channels. Such work
would need to be properly approved by the appropriate federal
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Costs were determined based on information given to the author from
various indiwviduals within the department. The cost assessments
made in this report are general in nature. Fach alternative has
an associated contingency cost. Contingency costs vary with each
alternative. Those alternatives which would need more =site
specific hydraulic designed improvements have the high contingency
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ve 2 are detailed in table 2.2.

Tabla 2,1
Hydraulic Parameters for Alternative #2
Earthen channel anly

hai

T2 1

E SLOPE 3 IO 1

VELOCITY (FT./[fSEC.) B.o8
AREA (SQUARE FT.) 174.84

WETTED FERIMETER (FT.) 52.84

FROUDE WUMBER 1.10

Figura 8 Thls photograph Was Caken looking west on Edmond. The channel
for alternative 2 would lie to the right of the truck and through

the area where the mobile homes are in the hackground.




aken looking north at the home on I
a 2 this home wonld have to be purchased.

ALTERNATIVE 3 The last alternative studied was that of a
diversionary channel adjacent to and north of the .Albart Road
alignment. Lots 1, 10, 11, and 12 of Tucson Mountain Park Estates
would need to be purchased for drainage righ:umf"vny ”irh: of way
lso have to be purchased wi rh’n 2 Qe land owned by the
Marana School District. The channel would lie along the right side
of the road shown on figure 10.
hen channel portion of alternative 2,
channel will not need to be stabilized with
T’n average slope of the channel was calculated to be 0.014 ft. f:t
Hydraulic information for the typical channel can be found on table
3.1. Cost estimates for this channel are on table 3.2.

concrete

Table 3.1
Hydraulie Parameters for Alternative §3

a] HF afs 1,200
ELOCITY I'. [SEC. E.B8

1g8.886

FT 52.43




Figure 10 This photograph was taken looking west down the Albert
road alignment. Alternative 3 would lie to the right of the road.

Table 3.2
Cost Breakdown for Alternative Number 3
Property Acquisition *
Let L land and single=-wide mobile § 39,424
Lot 1 land and single-wide moblle § 38, 424
Lot 11 land and single-wide mobille 5 39,424
Lot 12 land and double-wide mobile 5 52,424
Marana School Distclol land 5 45,455
Subtotal 3216,151
Earchwork (2,300 foot long channel
Gru ng +40 acces $ 2,640
Excavation 19,167 cubic yvards 5 47,017
Subtotal 5 50,557
ocher
Engineering 5 71,000
Centingencies (10%) $ 27,371
Subtotal § 34,371
Grand total 5301,07%
—_————— =

*All lots lie within Tucaon Mountaln Park Estatea



CONCLUSIONS

All three alternatives studied for structural improvements to
reduce the size of the Ironwood Wash Floodplain through Millstone

Manor #6 are costly. Two alternatives involve extensive right-
of-way acquisition. The bifurcation upstream of the development
is subject to change. Therefore the design discharge could be

exceeded even though the design flow is currently greater than the
current regulatory flow,

The watersurface elevations and velocities found in the hydrologic
and hydraulic report prepared by Fuller and Hendricks (June 17,
1988), do not indicate that developing on the floodprone lots is
prohibitive. Only a couple of lots might be considered unbuildable
because of the potential adverse impacts that would occur on
adjacent properties due to encroachment. Consequently, managing
development within the floodplain as it exists, may be a viable
alternative to structural flood control.

Should structural improvements be made alternative 3 1is
recommended. If the distribution of flow towards Millstone Manor
# 6 becomes larger, this alternative has the best potential to be
modified to convey more runoff.

The assumptions and calculations contained in this report are
general in nature. This information has been prepared to assist
the Flood Control District in deciding the best course of action
to manage the floodplain through the subdivision. Additional
information used in formulating this report can be found in the
Floodplain Management Section.
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APPENDIX

COST ASSUMPTIONS

LAND

Undeveloped land -residential 40¢ per square foot
Undeveloped land -Marana School District $30,000 per acre
Large lot adjacent to platted drainageway

Millstone Manor Number 6 $ 5,000
Two adjacent 69 by 100 foot lots $ 6,000

Millstone Manor Number 6

IMPROVEMENTS
Single-~wide mobile home $22,000
Double-wide mobile home $35,000
House (land included) $55,000
EARTHWORK
Grubbing $ 500/acre
Excavation $ 2.50/cubic yard
CONCRETE
Concrete -4 inches thick with steel $ 3.50/square foot
Gunite -4 inches thick with wire $ 30/cubic yard
cut-off-wall -3 by 1 feet with steel and

excavation $ 40/lineal foot
Headers -2 by 1 feet with steel and

excavation $ 15/1lineal foot
ROAD
Aggregate base, installed $ 6.50/cubic yard
Asphaltic concrete, installed $ 54.81/cubic yard
Ammonium Lignin Sulphonate $ 1.75/square yard
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