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L INTRODUCTION

The Amole Arroyo will be improved between the southwest corner of
Westgate Heights and the Snow Vista Channel (see Location Map on page 2).
The easterly portion of the Amole Arroyo will be realigned through the existing
100-foot City of Albuquerque right-of-way through the proposed El Rancho
Grande Subdivision.

These improvements are in accordance with the Amole-Hubbell Drainage
Management Plan, Volume I (DMP), by Leedshill-Herkenhoff, Inc., Alternative 2,
with the following exceptions:

e The proposed El Rancho Grande, Units 6 and 7 and an offsite portion of

Westgate Heights is included in the Amole Basin instead of the Snow

Vista Basin.

| e A 70-acre portion of DMP Basin 60104 is proposed to be included in the
Amole Arroyo Basin instead of the Sacate Blanco Basin. This change

reflects a revision to the proposed Gibson Blvd alignment.

In addition to the channel improvements, a bridge crossing structure at

the Del Ray Road extension will be constructed as part of this project.
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II. BASIN REVISIONS

The proposed El Rancho Grande subdivision development, Units 6 and 7
and a portion of Westgate Heights will drain to the realigned Amole Arroyo
instead of the Snow Vista Channel. Therefore, the AHYMO runs from the DMP
were modified to include these areas in the Amole Arroyo basin and exclude
them from the Snow Vista basin. Also, a 70-acre portion of DMP Basin 60104
is proposed to drain to the Amole Arroyo because of revisions to the proposed
location of Gibson Boulevard. See Appendix B for an enlarged basin map.

The DMP basin map on page 4 shows the revised limits of the basins.
The El Rancho Grande subdivisions on-site and off-site basins are shown on

pages 5-6. The table below lists the changes.

Area Changes to the Amole Arroyo Basins

El Rancho Grande Units 6 & 7 Basins 210-280 & 600 + 32.1 ac

El Rancho Grande Offsite Basins A-L +120.9 ac.
Portion of Basin 20405

DMP + 5.8 ac.

added to Basin 00105

Total Excluding Portion of Basin 60104 | +158.8 ac.

DMP Portion of Basin 60104 +70.0 ac.

Total Including Portion of Basin 60104 | +228.8 ac.

Area Changes to the Snow Vista Basins

DMP Basin 20501 (=301.02) - 25.0 ac.
DMP Basin 20502 (=301.01) -44.2 ac.
DMP Basin 20405 (=301.03) -91.1 ac.
El Rancho Grande Unit 6 Basin 500 + 1.4 ac.

Total | -158.8 ac.
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III. FLOW RATE REVISIONS

The AHYMO runs from the DMP were modified to include these additional
areas in the Amole Basins and exclude them from the Snow Vista Basins, and to
include the proposed addition of the 70-acre portion of Basin 60104. See
Appendix A for AHYMO Summary Tables. The table below summarizes the
revised flows versus the DMP flow rates at the analysis points shown on pages 4-
6. The DMP flow rate summary tables for the Amole Basin and the Snow Vista

Basin are included in Appendix G.

Flow Rate Summary Table

Flow Rate (cfs)
Revised Revised
Analysis Point DMP Incl. Basin | Excl. Basin
60401 60401)
AP02.1 (Delgado) 652 787 652
APO2.2A (West of Del Rey) 693 914 701
AP22A (Sta 25+00) N/A 1129 916
AP18A (Sta 17+00) N/A 1195 976
AP21A (Sta 12+50) N/A 1237 1013
AP25 (Amole outfall to Snow Vista) N/A 1245 1021
AP 23 (Snow Vista
L 2050 1723 1723
north of subdivision)
AP23.2 (Snow Vista north of
2143 1692 1692
confluence)
AP25.1 (Snow Vista south of
N/A 2879 2655
confluence)

IV. CHANNEL DESIGN
Centerline Radii and Easement Curves
The horizontal alignment was laid out with a minimum centerline

radius of 265 feet. The horizontal curves have easement curves upstream
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and downstream per the City of Albuquerque Development Process

Manual (DPM). See Appendix E for calculations.

Hydraulic Analysis

HEC-RAS was used to model the Amole Arroyo and the Snow Vista
Channel. The stations in HEC-RAS correspond to those shown on the
plan & profile exhibits in the back pocket. Summary tables and water
surface profiles are shown in Appendix C. The superelevation depths on
the curves were calculated and added to the water depths, and a
tabulation of the total water depths in the Amole Arroyo are included in
Appendix D. Freeboard is 2 feet minimum throughout the project. The
channel depth will vary between 4.5 feet and 6 feet as shown on the plan
and sections on pages 9-10. From the west end of the project to the
Delgado crossing, the channel will have shotcrete-lined sides, an earthen
bottom and three shotcrete drop structures. The remaining portion of the
channel will be completely lined with shotcrete. The flows are mixed west

of the Delgado crossing and supercritical in the remaining reach.

Slug Flows

Waves generated by slug flows "are the result of transition from
supercritical laminar to subcritical turbulent state of flow," (Open Channel
Hydraulics, Chow). Theoretically, slug flow can occur when the Froude
number is greater than 2 and the slope of the channel is greater than 12
divided by the Reynolds number. An experiment by Mayer showed that, in
actuality, slug waves were formed only on slopes greater than two percent

and for Reynolds number between 1000 and 4000 (Chow).
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The areas where slug waves possibly could occur in the Amole
Arroyo channel are at the drop structures (3:1 slope) west of the Delgado
crossing. Calculations for a typical drop structure indicate that slug flow
will not form (See Appendix F).

Confluence

The Amole Arroyo and Snow Vista Channel confluence was analyzed
using the momentum method in HEC-RAS. No hydraulic jump will occur
at the junction as shown on the profile of the Snow Vista and the Amole
Arroyo and in the summary tables in Appendix C. There is an existing
riprap check structure at the confluence, of which a portion is proposed to
remain. The rundown from the Amole Arroyo is proposed to be shotcreted
to the invert of the Snow Vista Channel with riprap gabion baskets tied to
the 5-foot deep cutoff wall along the rundown. The bottom and sides of
the Snow Vista Channel through the confluence will have tied riprap. See

the confluence exhibit in the back Pocket.

Snow Vista Channel Freeboard

The hydraulic analysis shows that the Snow Vista Channel does not
have adequate freeboard on the east side downstream of the confluence.
An earthen berm will be constructed with the El Rancho Grande, Unit 8
construction by the developer. The added flows from Basin 60104 increase

the water depth in the Snow Vista Channel by approximately 0.2 feet.

V. ESTIMATED COST OF ADDING BASIN 60104
In the Amole Arroyo, the added flows from the 70-acre portion of Basin
60104 results in a 0.5-foot deeper channel section between the west end of the
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El Rancho Grande development and the Delgado crossing. See the tabulation of
water depths in Appendix D for determination of needed channel depth.

The unit price for shotcrete was estimated as 1.15 times the unit price for
8" RPCC from the City Engineer's Estimated Unit Prices--$7.40/square foot. The
cost of shotcrete due to the addition of Basin 60104 is as follows:

Width of added channel lining per foot of channel = 2.24 ft
Length of channel (Sta 25+00 - Sta 52+60) = 2760 ft

Added cost: 6182 SF shotcrete x $7.40/SF = $46,000
It should be noted that the cost estimate prepared by AMAFCA for the cost
sharing allocating between AMAFCA, Curb, Inc., and the City of Albuquerque
was based on a 6.5-foot channel depth. Since the channel depths have been
reduced throughout the entire reach, the total project cost will be significantly

lower than originally estimated.

V. SUMMARY

The Amole Arroyo will be improved from the Snow Vista Channel to
approximately one mile west per the plan and sections shown on pages 9-10.
The addition of the 70-acre portion of the DMP Basin 60104 will result in an
additional cost of $46,000.

The required improvements include:

e 4.5-foot deep channel with shotcrete check structures and side slope
shotcrete lining west of the existing Delgado box culvert

5.5-foot deep shotcrete lining from Sta 53+23 to Sta 25+00

6-foot deep shotcrete lining from Sta 25+00 to Snow Vista Channel

tied riprap confluence structure per the plan in back pocket

crossing structure at the proposed Del Ray Road extension.
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Amole Arroyo - Including Portion of Basin 60104
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Snow Vista - Including Portion of Basin 60104
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Excluding Portion of Basin 60104
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Amole Arroyo - Exclusing Portion of Basin 60104
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Snow Vista - Excluding Portion of Basin 60104
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Amole Arroyo/Snow Vista Channel
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AmoLe RRROYO
Drop Structurgs West of Delgadls

Amole Arroyo/Snow Vista Channel
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Appendix D



Amole Arroyo--Depth of Channel Including Superelevation
Portion of Basin 60104 Included

Superelevation: S= 1.3V(b+2zD)/2gr (COA DPM)

S = superelevation

V = velocity

b = channel bottom width

D = depth of flow for equiv. straight reach
R = channel radius

z = cotangent of channel side slope = 2
g = gravity = 32.2 ft/s?

. Total
Station R(ft) | V(ft/s) | b (ft) D (ft) | S(ft) Depth (ft)
11+00 400 19.1 31.1 1.8 0.7 2.5
12+00 400 20.1 19.8 2.5 0.6 3.1
12+50 700 18.7 14.6 3.6 0.3 3.9
13+00 700 19.0 11.1 3.5 0.3 3.8
14+00 700 19.0 10.0 3.6 0.3 3.9
15+00 1400 19.4 10.0 3.6 0.1 3.7
16+00 3.5 3.5
17+00 700 23.9 10.0 3.3 0.4 3.7
18+00 700 22.0 10.0 3.2 0.3 3.5
19+00 1400 21.6 10.0 3.2 0.2 3.4

20+00 3.3 3.3
21+00 3.4 3.4
22+00 3.7 3.7 A

23+00 500 19.3 10.0 3.4 0.4 3.8
24+00 265 21.0 10.0 3.2 0.8 4.0

36+00 500 18.2 10.0 3.1 0.3 3.4
37+00 500 18.6 10.0 3.0 0.3 3.3
38+00 1000 19.6 10.0 2.9 0.2 3.1
39+00 1000 21.8 10.0 2.7 0.2 2.9
40+00 500 21.8 10.0 2.7 0.4 3.1
41+00 500 21.8 10.0 2.7 0.4 3.1
42+00 1000 21.8 10.0 2.7 0.2 29
43+00 2.7 2.7
44+00 2.8 2.8

24+50 265 23.1 10.0 3.0 0.9 3.9 6' channel
25+00 500 227 10.0 3.1 0.5 3.6 depth
26+00 2.6 2.6 5.5' channel
27+00 2.6 2.6 depth
28+00 2.6 2.6

29+00 2.7 2.7

30+00 2.8 2.8 v

31+00 2.8 2.8

32+00 2.8 2.8

33+00 2.9 2.9

34+00 3.0 3.0

35+00 3.1 3.1



Total

Station | R(ft) | V(ft/s)| b(fty | D) | S Depth (f)
44+00 2.8 2.8
45+00 2.8 2.8
46+00 | 3000 | 20.4 | 10.0 2.9 0.1 3.0
47+00 3.0 3.0
48+00 33 3.3
49+00 3.3 33
50+00 3.1 3.1
51+00 2.9 2.9
52+00 3.1 3.1
52+61 2.8 2.8
53+23 27 2.7
54+00 | 1000 | 14.8 | 40.0 14 02 | 16 4.5 channel
55+00 | 1000 | 14.7 | 40.0 13 02 | 15 depth
55+50 | 500 | 21.1 | 40.0 0.9 08 | 1.7
55+68 | 500 | 86 | 40.0 2.1 01 | 22
56+00 | 500 | 7.9 | 40.0 2.2 0.1 23
57+00 | 1000 | 7.2 | 40.0 2.4 0.1 2.5
58+00 0.9 0.9
58+18 2.0 2.0
59+00 2.4 2.4
60+00 15 15
60+50 0.9 0.9
60+68 2.2 2.2
61+00 2.3 2.3
62+00 2.4 2.4




Amole Arroyo--Depth of Channel Including Superelevation
Portion of Basin 60104 Excluded

Superelevation: S= 1.3V3(b+2zD)/2gr (COA DPM)

S = superelevation
V = velocity
b = channel bottom width
D = depth of flow for equiv. straight reach
R = channel radius
= cotangent of channel side slope =2

g = gravity = 32.2 ft/s?

. Total
Station R(ft) | V(ft/s) | b (ft) D(ft) | S(ft) Depth (ft)
11+00 400 17.4 311 1.7 0.6 2.3
12+00 400 17.9 19.8 2.3 0.5 2.8
12+50 700 15.6 14.6 3.6 0.2 3.8
13+00 700 18.1 11.1 3.1 0.2 3.3
14+00 700 17.9 10.0 3.3 0.2 3.5
15+00 1400 18.2 10.0 3.2 0.1 3.3
16+00 3.2 3.2
17+00 700 20.6 10.0 3.0 0.3 3.3
18+00 700 20.6 10.0 2.8 0.3 3.1

19+00 1400 20.0 10.0 2.9 0.1 3.0
20+00 3.0 3.0
21+00 3.2 3.2
22+00 3.2 3.2 *

23+00 500 18.0 10.0 3.1 0.3 34
24+00 265 19.5 10.0 3.0 0.6 3.6

36+00 500 16.8 10.0 2.7 0.2 2.9
37+00 500 17.1 10.0 2.7 0.2 2.9
38+00 1000 18.0 10.0 2.6 0.1 2.7
39+00 1000 20.3 10.0 24 0.2 2.6
40+00 500 20.3 10.0 2.4 0.3 2.7
41+00 500 20.2 10.0 2.4 0.3 2.7
42+00 1000 20.2 10.0 24 0.2 2.6
43+00 2.4 2.4
44+00 2.4 2.4

24+50 | 265 | 21.0 | 100 | 28 | 07 3.5 6' channel
25+00 | 500 | 21.0 | 100 | 28 | 04 3.2 depth
26+00 2.2 2.2 5' channel
27+00 2.2 2.2 depth
28+00 2.2 2.2

29+00 2.3 2.3

30+00 2.4 24 |V

31+00 2.4 24

32+00 2.5 2.5

33+00 2.5 2.5

34+00 2.6 2.6

35+00 2.7 2.7



45+00 2.4 2.4
46+00 3000 19.8 10.0 2.5 0.1 2.6
47+00 2.6 2.6
48+00 2.9 2.9
49+00 2.8 2.8
50+00 2.7 2.7
51+00 25 2.5
52+00 2.6 2.6
52+61 2.1 2.1
53+23 2.3 2.3
54+00 1000 13.9 40.0 1.2 0.2 1.4 4.5' channel
55+00 1000 13.4 40.0 1.1 0.2 1.3 depth
55+50 500 20.7 40.0 0.8 0.7 1.5
55+68 500 7.6 40.0 1.9 0.1 2.0
56+00 500 7.4 40.0 2.0 0.1 2.1
57+00 1000 6.7 40.0 2.2 0.0 2.2
58+00 0.8 0.8
58+18 1.9 1.9
59+00 2.0 2.0
60+00 1.4 1.4
60+50 0.8 0.8
60+68 1.9 1.9
61+00 2.0 2.0
62+00 2.2 2.2
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Amole Arroyo--Easement Curve Length & Min. Centerline Radius

Rmin. =

Station

bottom width
cotangent of channel side slope 2
depth of flow for equiv. straight reach 4 ft

length of easement curve =

minimum centerline radius =

24 fps
10 ft

0.32*(b+2*z*D)*(V/D"?)

Le = 100 ft

Q*v/100

Ruin. (ft)

10+68-17+00
17+00-25+00
25+00-53+23
53+23-62+00

247
262 —P Use 265 ft
192
169
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Amole Arroyo--Slug Flow Analysis

Reference: Design of Small Canal Structures, U.S. Department of the Interior

Q= flow

d= avg. water depth =

V = velocity
b= bottom width
L = length of section

s = avg. slope of
energy gradient

¢= angle of inclination
of the energy gradient

wp = wetted perimeter

g = acceleration of
gravity

d/wp =

V = Vedernikov number

M? = Montuori number

From Figure 2-45
From Figure 2-46

787 cfs

Area of water prism

Top width of water prism
15 fps
40 ft
18 ft

0.044 ft/ft

2.52°

26.8 ft

32.2 ft/s®

0.03

= 2/3(b/wp)(v/(g*d*cos ¢)"?) =
= V?/(g*s*L*cos ¢)

— Zone of no slug flow

—Pp Zone of slug flow

"Waves are not likely to be generated in the
structure, unless the plotted data falls within the

slugging zone on both figures." (page 112)

0.7 ft

3.15

8.83

——» No Slug Flows




End sill

Figures 2-45 and 2-46 have been developed
' to predict the possibility of slug flow occurring
in a chute. The use of the figures requires the
ollowing operations:

(1) Divide the chute into a number of
reaches as shown on figure 2-47. Point 1
should be at the beginning of the chute
section.

(2) Using equation (6) or (7), with Q

Figure 2-41. Surging in a stilling pooi caused by
unstable flow in a chute structure. P222-117-36223

0
Chute blocks Pool Blocks
0 o
O 0
o o 0
0 0 0 0
o O
o o
o)
O 8] (@]
2:1 Slope 0
s 0 O
0
--D,‘ ) . D\Q

Figure 2-40. Stilling pool with end sill. 103-D-1277

equal to 0.2, 0.5, and 1.0 times design Q,
compute the water depth and energy levels
at the points along the chute section that are
to be checked for slugging. Use Manning’s n
=0.010.

(3) Determine sL for the point to be
checked (fig. 2-47).

(4) At the points to be considered:

a. Compute the Vedernikov number V)
[10].

2. b \Y%
Vasx—ox — Y (10)
- 37 wp vedcoso

b. Compute the square of the Montuori
number (M) [11].
2 \

M =gchosf) (1)

In equations (10) and (1 1)

b = bottom width of the chute
section

d = average water depth in the chute
section:

d= Area of the water prism
Top width of the water prism,

‘Des ‘on o f Smaill Camal Stryctvres”
U.<. Z}g/og 0][ Lhe L ferior - Bureaq o/ /QQC/QMCL{?»OA
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ch:

8
Ve W
6
Figure 2-42. Pulsating flow in steep chute. Flow is Figure 2-43. Unstable flow at shallow depth. H-686-55D ""
57 cfs. P222-117-36208D =
: ; 7) PI h f d g
g = acceleration of gravity, (7) Plot the computed value o wp .g
L = length of reach under against the slope of the energy gradient, s, 2
consideration, on figure 2-46. >
s = average slope of the energy . g
gradient. Waves are not likely to be generated in the = 4
structure, unless the plotted data falls within 3
s=tané, the slugging zone on both figures 2-45 and 2
2-46. 3
V = velocity, If the charts indicate that slug flow will
wp = wetted perimeter of the section, occur, the design may be modified to reduce |
and the probability of waves being generated or the 1
6 = angle of inclination of the structure may be adapted to accommodate the 3 2
energy gradient.
Freeboard
(5) Plot the computed values on figure }
2-45. If the plotted points fall within the Normal water surfoce\ ‘
slug flow zone, intermediate points may be e ——— —=— 4
checked to determine the point at which the = — - — - —-
waves begin to form. o< 120° o)

(6) Compute the shape factor for the
chute section.

d Figure 2-44. Theoretical waveless chute section. Triangular

wp shape prevents both cross waves and slug flow. 103-D-1278
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CONVEYANCE STRUCTURES

surging flow that does occur. Possible design
changes include:

(1) Divide the flow in the chute section
with a wall down the center of the chute.

(2) Change the shape of the section. The
theoretical waveless shapes could be
considered.

(3) Reduce the length of the chute. A
series of shorter chutes or drops could be
considered.

(4) Steepen the chute.

(5) Replace the open channel chute
section with pipe.

113

If these design changes are impractical, the
chute section might be adapted to
accommodate surging flow by:

(1) Increasing the freeboard of the chute
walls.

(2) Providing a cover for the chute
section to contain the waves, or

(3) Protecting the backfill around the
chute section with riprap or paving.

Adaptations to the stilling pool could
include:

(1) Designing the pool to provide for the
momentary surge discharge. This would

| l

| l |
//

Zone of slug flow

o0

4 /|

Vedernikov number (V)

Zone of no slug flow ]

0 0.2 0.4

0.6 0,8 1.0

Montuori number® (M?)

Figure 245, Criteria for slug flow. 103-D-1279
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d/wp

provide a longer pool and higher pool walls
to contain the surge.

(2) Provide additional riprap to protect
the channel downstream and the backfill
around the pool.

(3) Provide a surge suppressing device in
the stilling pool. A baffle or weir wall in the
pool could prevent flow from sweeping
through the pool and outlet transition (fig.
2-48). Weir walls could also provide tailwater

SMALL CANAL STRUCTURES

to submerge the surges. Rafts or other

floating wave dampeners could be used.

(4) An energy dissipator less sensitive to
surging could be used.

The study of wave action in chute structures
is based largely on empirical data. If a serious
wave problem in a structure is indicated,
further studies should be undertaken to verify
the extent of the problem and the effectiveness
of the proposed solutions.

0.2 ‘ l ‘

- Zone of no slug flow ]
Corrugated metal
Jéf//ﬂ chutes

N T
I Concrete chutes |
Nl e I
N I
| I
| I
— | ._1
| |
| |
| 1
| |
| I
- Zone of slug flow —
| I
| I
O'%.ol 0.1 , 0.2 ’ 0.3 ol.

4

SLOPE s=TAN &

Figure 2-46. Shape and slope criteria for slug flow. 103-D-1280
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ST~
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\\

[~~~
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~

Invert

Energy gradient

~

2 -
\Wm‘er surface -
T~ Energy gradient
- \é\ L [ gy ¢
2 ~ -~ ~—~

\T\

\

~————REACH |

s=Slope” of energy gradient = tan ©

REACH 2——=——REACH 3 —

L3

Figure 2-47. Invert, water surface, and energy profiles of a chute structure. 103-D-1281

1-35. Design Procedure. —

(1) Select and design the type of inlet to be

used.

(2) Determine the energy gradient at the

:ginning of the chute section.

Figure 2-48. Wave sweeping through the outlet
transmon of a stilling pool. Flow is 140 cfs.
P222-117-36227

(3) Compute the variables of flow down the
chute section.

(4) Design the trajectory and the steep
portion of the chute section.

(5) Assume an elevation for the floor of the
stilling pool and compute the characteristics of
flow upstream of the hydraulic jump.

Determine d, and the energy gradient after
the hydraulic jump.

(6) Determine the energy gradient in the
channel downstream and compare to the
energy gradient after the jump.

(7) 1t may be necessary to assume a new
pool invert elevation and to recompute the
above values several times before a check in
energy gradients is obtained.

(8) Review for proper operation at partial
capacity.

(9) Determine the length of the pool and
the height of the pool walls.

(10) Design the chute and floor blocks and
the end sill or outlet transition as required.

(11) Check the possibility of waves
developing on the structure.
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