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& Introduction

« Comprehensive watershed analysis including:

« Characterization of selected study site watershed
« Historical evaluation of selected study site watershed

* Focus on spillway/weir at hydrological outlet of watershed using hydrologic

engineering methods to determine conditions of structural failure



% History of Land Use

Study conducted on present-day Buenos Aires National Wildlife Refuge (BANWR)

« 47,500 [ha] in total

» Once working cattle ranch

Founded 1880s by Don Pedro Aguirre Jr. as Buenos Ayres Ranch

First water retention structure, Aguirre Lake, est. circa 1883-1886

Many ownership changes—name change to Buenos Aires Ranch in 1909

Implementation of water control structures (ranch owners and Soil Conservation Service)

U.S. Fish and Wildlife purchase in 1985 to establish wildlife reserve (BANWR)
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= Focus of Study
 Declining hydrologic connectivity on arid and semi-arid Southwestern rangelands
« Arroyo cutting/channelization of floodplains alters ground/surface water interactions

« Heavy grazing, intense flooding, failed/unmaintained water control structures

« Water control structures implemented across rangeland watersheds including:

« Berms, water spreaders, spillways/weirs, flow control gates, stock tanks
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=" Objectives of Study
1. Map watershed by pinpointing key water control structures and drainages/streamlines
2. Utilize historic/current aerial/ground-level imagery to characterize watershed

3. Conduct hydrologic engineering analysis of spillway to guantify maximum capacity

and the storm magnitude generating large enough runoff to exceed that capacity



¥ Methods and Materials

1. Geographic Information Systems (GI1S) software (ArcMap 10.5.1 and Google Earth Pro)

2. Both historic and current aerial and ground-level imagery

(USGS Earth Explorer, Google Earth Pro, photos taken in person)
3. Field visits to walk watershed hydrologic route and take measurements of spillway

4. Hydrologic engineering analysis via weir formula, Rational and Curve Number Methods
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* Spillway capacity calculated using standard weir formula:

3
Q = CLH>

where,
Q =discharge [m3s]
C = welr coefficient = 1.70
L = weir length [m]
H = hydraulic head [m]
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Runoff Estimations (Rational Method)

 The peak flow rate was calculated as: . Watershed areas:

qp = A Sub-watershed A — 94.2 [ha]
360 Sub-watershed B — 122 [ha]
Sub-watershed C — 1285 [ha]
where, 0 = peak runoff [m3s] Entire watershed — 1501 [ha]
p

C = runoff coefficient
| = rainfall intensity [mm/hr]
A = drainage area [ha]

« Runoff coefficients from USDA Web Soil Survey

 Rainfall intensities from NOAA
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¥ Curve Number Method

* CN Method is basis for estimation of runoff volume and generation of hydrograph:

0 = (P—-0.25)*
~ P+08S

, P> 0.2S

where,

Q = runoff depth/volume [mm]
P = precipitation depth [mm]
S = soil water retention parameter [mm]

 The soil water retention parameter is based on the CN and is found using:

25400
CN

S =

— 254 (Q,P,S [mm]|)
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\ « Storm inputs (duration and rainfall) were split into two categories:
“flash floods” (2 and 6-hr) and “floods” (12 and 24-hr)

* Recurrence intervals for the analysis were 10, 25, 60, and 80-year
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Legend
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* Spillway Capacity: Q = 21.1 [m3s]

 Rational Method:

Table 1. Precipitation Intensity {(mm/hr) and comresponding peak runoff rates (m?s) for Sub-
watershed A | Latitude: 31.6042°, Longitude: -111.5129° | Elevation (USGS): 1063.3 m

Storm Recurrence Interval [yr]
10 25 50 60 a0 100
Intensity
(mm/hr) 46.2 549 61.6 63.0 65.7 68.5
Peak runoff
(ms) 324 385 432 442 4 61 4 80

Table 3. Precipitation Intensity Estimates (mm/hr) and corresponding peak runoff rates (m*s™) for
Sub-watershed C | Latitude: 31.6596%, Longitude: -111.6144° | Elevation (USGS): 1232.3 m

Results and Discussion

Table 2. Precipitation Intensity Estimates (mm/hr) and corresponding peak runoff rates (m®s™) for

Sub-watershed B | Latitude: 31.6074°, Longitude: -111.5094° | Elevation (U5GS5): 1064.5 m

Storm Recurrence Interval [yr]

10 25 50 60 80 100
Intensity 61.1 728 81.6 832 86.5 89.8
{mm/hr) ) . . : . :

Peak runoff

ptie 6.11 7.29 8.17 813 5.66 2.99

Table 4. Precipitation Intensity Estimates {mm/hr) and comresponding peak runoff rates {m®s) for
Entire 1501-ha Watershed | Latitude: 31.6596°, Longitude: -111.6144° | Elevation (USGS): 1232.3 m

Storm Recurrence Interval [yr]

Storm Recurrence Interval [yr]
10 25 50 60 80 100
Intensity
(mm/hr) 2045 246 277 285 301 N7
Peak runoff
(mis1) 22.8 T4 Jo.g i ] 33.6 35.4

10 25 50 60 20 100
Intensity
(mmihr) 205 246 277 28.5 301 3T
Peak runoff
(ms") 26.4 3.6 J35.6 36.7 3j8.8 40.8




Table 5. Precipitation Depth Estimates (mm) for Sub-watershed C | Latitude: 31.6596%, Longitude: -
111.6144° | Elevation (USGS): 1232.3 m

CN Method/Wildcathb

Storm Duration Storm Recurrence Interval [vr]
[hr] 10 25 60 80
2 59 71 a21.8 a5 4
] &7 81 94.2 98.6
12 7T 92 107.4 112.2
24 35 102 116.4 121.2

Table 6. Design Storm Peak Flows (m2s-') for Sub-watershed C | Latitude: 31.6596°, Longitude: -

111.6144° | Elevation (USGS): 1232.3 m

Storm Duration Storm Recurrence Interval [yr]
[hr] 10 25 60 80
2 104.8 153.6 200.7 217.0
G T4.5 105.4 136.0 146.3
12 56.8 76.1 95.4 102.8
24 35.7 46.5 56.4 59.7
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Figure 6. Design storm hydrographs producing peak “flood”-flow at spillway capacity
threshold/limit a) 10-yr, 24-hr (35.7 [m®s"]) and b) routed through reservoir (35.4 [m*s)]) over Sub-
watershed C.
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Table 7. Precipitation Depth Estimates (mm) for Entire 1501-ha Watershed | Latitude: 31.6596°,
Longitude: -111.6144° | Elevation (USGS): 1232.3 m

Storm Duration Storm Recurrence Interval [yr]
[hrl 10 25 60 80
L 71 81.8 85.4
a7 21 942 98.6
12 TT 92 107.4 112.2
24 26 102 116.4 121.2

Table 8. Design Storm Peak Flows (m®s') for Entire 1501-ha Watershed | Latitude: 31.6596°,
Longitude: -111.6144"° | Elevation (USGS): 1232.3 m

Storm Duration S5torm Recurrence Interval [yr]
[hr] 10 25 60 80
2 118.1 174.8 229.7 248.6
6 83.4 120.8 158.1 170.9
12 G4.5 ar.2 113 118.9
24 42.0 h4.6 66.2 70.0

(LeVie 14 MR FLOOD FOR 1501 HA WATERSHED] Ti-yr, 24-hr Flood Rouiing for 1500-ha Waitershed

42 1
40,00
%00
160
EXE
1200 ]
300 ]
25 0 b
" 2600
340 . .
R -
200
TE ANl
.M
14411
-0
1.0
= nm
P

200 L7

._
[EF - -1 - £ ¥

__/ ]

b L R WE & om0l DX LS. OHE DR X0 N AN 2T 00 N,
Dy 30 el O DM DS DN X0 Zoe 2T 0HEF LM s . imifiaw e Chmtiiomn
FIME [HE] Fime [hr]

F
-

Figure 7. Design storm hydrographs producing peak “flood”-flow at spillway capacity
threshold/limit a) 10-yr, 24-hr (42.0 [m*s™"]) and b) routed through reservoir (41.6 [m*s]) over
Entire 1501-ha Watershed.
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* Spillway discharge capacity calculated as 21.1 [m3/s].
* Likely built within channel without similar capacity analysis presented
« Based on Rational Method and CN Method Results:

 Spillway of adequate capacity for runoff volumes generated for 10-yr to 25-yr
recurrence interval storms of variable durations and intensities IF spatial extent of

rainfall limited to Sub-watersheds A and B.

 Spillway capacity exceeded for runoff volumes generated for 10-yr or 25-yr
recurrence interval storms of all durations and intensities evaluated IF rainfall

occurred over Sub-watershed C and/or the Entire 1501-ha Watershed.
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