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1. Section 1 ONE Introduction  

1.1 INTRODUCTION 

Laguna Del Campo Dam (Laguna Dam) is located in north central New Mexico, approximately 

2 miles northwest of Tierra Amarilla, New Mexico.  The dam and reservoir are located on the 

left overbank area of the Rio Chama, northwest of the intersection of U.S. Highway 84 and State 

Highway 112 in Rio Arriba County, New Mexico.  The Parkview Ditch drainage basin is located 

on the western slope of the Peňasco Amarillo and contributes runoff to the Laguna Del Campo 

Reservoir (Laguna Reservoir).  Runoff from Laguna Del Campo Dam flows southwest for about 

2,500 ft to Rio Chama.  The latitude and longitude of Laguna Del Campo Dam are 36° 42’ 49” N 

and 106° 35’ 2” W, respectively.  Construction of the dam was completed in 1940.  Figure 1-1 

and Figure 1-2 present a general location map and a vicinity map of Laguna Del Campo Dam, 

respectively. 

 

 
Figure 1-1 

General Location Map of Laguna Del Campo Dam 
 

Laguna Del 
Campo Dam 

50 miles 
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Figure 1-2 

Vicinity Map of Laguna Del Campo Dam 
 
 

The dam is owned by the New Mexico Department of Game and Fish and operated by the Los 

Ojos State Hatchery.  The dam NID is NM00313, or D-313 for the New Mexico Office of the 

State Engineer (OSE).  Repair work was performed on the dam in the fall of 1979, which 

included repair of the concrete spillway, and removal of woody growth on the embankment of 

the dam, in the spillway channel, and in the outlet works discharge channel.  Currently, regrowth 

of willows and woody type vegetation is occurring on the dam embankment slopes and spillway.  

According to a 2009 OSE dam inspection report, the dam is in “Poor” condition due to poor 

maintenance of the dam and spillway, spillway deficiencies, and the lack of design and 

construction reports and as-built drawings documenting design and construction of the dam.  

Laguna Del Campo Dam is classified as a small sized, high hazard dam.  In the absence of a 

hazard classification study for the dam, the OSE assumed a high hazard classification based on 

the potentially occupied structures shown on the inundation maps developed herein.  The OSE 

classifies high hazard dams as “those dams where failure or misoperation will probably cause 

loss of human life” (OSE, 2010).   

Based on 1937, 1938 and 1979 design drawings, the dam is an earthen embankment and consists 

of a main dam and a north dike.  The main dam is approximately 36 ft high at the maximum 

section, with 3H:1V (Horizontal:Vertical) and 2H:1V side slopes on the upstream and 
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downstream slopes of the dam, respectively.  The north dike was assumed to have the same crest 

elevation as the main embankment based on the design drawings and a December 2010 site visit 

by URS Group, Inc.  The 1937, 1938 and 1979 design drawings are included in Appendix A.  

The outlet works consists of a concrete intake structure with a slide gate, and an approximately 

150-ft long, 2 ft by 2 ft concrete outlet conduit.  Control is provided by an outlet gate operator 

which is mounted on a corrugated metal pipe (CMP) riser and is accessible only by boat.  

According to the 2009 OSE dam inspection report, the gate is normally kept closed; therefore, 

only the emergency spillway will operate during flood events.   

The emergency spillway is located at the left (south) abutment of the dam.  The spillway 

includes a weir that was reconstructed as a compound weir in 1979 with a 4-ft wide by 0.6-ft 

high low flow notch at the center of the spillway weir.  Upstream from the weir, the spillway 

approach channel is approximately 50 ft long, and is lined with concrete.  Downstream from the 

weir, the spillway discharge channel is lined with concrete for about 50 ft.  The spillway channel 

side slopes are nearly vertical with concrete retaining walls upstream and downstream of the 

weir.  The current spillway capacity is 1185 cfs with the reservoir at the dam crest (El. 104). 

Pertinent data is presented in Table 1-1.  This information was taken from the 1937 and 1938 

design drawings and the 1979 emergency spillway repair design drawings.  These drawings are 

based on an assumed vertical datum with elevation 104 ft. corresponding to the dam crest.  The 

1938 drawing shows that the north dike crest is at the same elevation as dam crest, which agrees 

with the observations made during the December 2010 site visit by URS Group, Inc.  Drawings 

presented in Appendix A show the general configuration of the dam and its appurtenant 

structures.  Appendix B presents photographs of the facilities taken during a December 2010 site 

visit by URS Group, Inc. 
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Table 1-1 
Summary of Pertinent Data 

Feature Pertinent Data 

Dam Crest Elevation, ft(1) 104 
North Dike Crest Elevation, ft 104 
Dam Crest Length, ft (Main Dam/North Dike) (1/2) 500/1030 
Dam Crest Width, ft(1) 13 
Dam Height, ft(1) 36 
Hydraulic Height, ft(3) 30 
Upstream Embankment Slope (H:1V) (1) 3:1 
Downstream Embankment Slope (H:1V) (1) 2:1 
Emergency Spillway Crest Elevation, ft (at weir crest) (4) 98.75 
Emergency Spillway Crest Length, ft(4) 28 
Outlet Works, Outlet Invert Elevation, ft(2) 73 
Irrigation Pool/Normal Storage Capacity 
(Emergency Spillway Crest) 

Elev.: 98.75 ft 
Storage: 99.6 ac-ft 

Maximum Storage Capacity (Dam Crest) Elev.: 104 ft 
Storage: 177.5 ac-ft 

Notes:  (1)  Information obtained from 1937 design drawing.  Elevations are based on 
an assumed vertical datum with elevation 104 ft. corresponding to the 
dam crest. 

 (2)  Information obtained from 1938 design drawing. 
 (3)  Hydraulic height was calculated from downstream outlet center line  

elevation, El. 74 ft, to the dam crest, El. 104 ft. 
 (4)  Emergency spillway width is shown as 30 feet on the 1979 Design 

Drawing, and as 28 feet on the 1937 Design Drawing.  For the purposes of 
developing EAP inundation maps the narrower dimension was 
conservatively used. 

 

1.2 PURPOSE 

The purpose of this report is to present the assumptions, criteria, and calculations for the inflow 

flood hydrology and breach analysis with subsequent dam failure flood routing at Laguna Del 

Campo Dam for the development of inundation maps for the Emergency Action Plan (EAP).  

Based on the OSE Rules and Regulations Governing Dam Design, Construction and Dam Safety 

(OSE, 2010), the inundation maps should include the sunny day failure limits as well as the 

limits from failure at the high water line.  The high water line is defined as the reservoir water 

elevation during the Inflow Design Flood (IDF).  Laguna Del Campo Dam is a small size, high 

hazard dam.  Based on OSE Rules (2010), the required IDF for Laguna Del Campo Dam is 

100% of the Probable Maximum Precipitation (PMP).  The OSE Rules allow a third inundation 
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limit to be shown, as determined by the dam owner.  Therefore, three dam breach scenarios were 

analyzed in this study; the sunny day breach, 50% PMP breach, and 100% PMP breach. 

The scope of this dam breach analysis included developing the inflow floods resulting from the 

50% and 100 % PMP storm events, and mapping the inundation areas based on the OSE Rules 

and Regulations (OSE, December 2010).  A PMP depth-duration relationship was developed 

using Hydrometeorological Report Number 55A (HMR 55A).  The inflow flood hydrographs 

were estimated using unit hydrographs for the “Southwest Desert, Great Basin, and Colorado 

Plateau” hydrologic region obtained from Reclamation’s Flood Hydrology Manual (Cudworth, 

1989).  Precipitation losses were calculated using initial and constant infiltration rates.  The 

USACE HEC-HMS computer model (Version 3.4) was used to compute the inflow and outflow 

flood hydrographs for Laguna Del Campo Dam. 

Breach parameters were estimated for the sunny day breach, 50% PMP dam breach, and 100% 

PMP (IDF) dam breach.  Two-dimensional flood inundation modeling was conducted using 

FLO-2D software (Version 2007.06) for each dam breach scenario to estimate downstream 

inundation extents.  The model extended from Laguna Del Campo Dam downstream to the 

El Vado Reservoir. 

1.3 AVAILABLE INFORMATION AND REFERENCES 
Existing information for this study in OSE and NMDGF files is limited.  The following 

information was provided to URS: 

• New Mexico OSE Dam Safety Bureau Inspection Reports for Laguna Del Campo Dam (also 

known as Brood Pond No. 3 Dam) (from 1940 to 2010). 

• Drawing titled “Brood Pond No. 3, Parkview Fish Hatchery (Kenneth A. Heron, Engineer)", 

1937.  

• Drawing titled “Burn Canyon Dam".  New Mexico Works Progress Administration, 1938.  

• Drawing titled “Repairs to Brood Pond No. 3 Spillway, Parkview Fish Hatchery, Rio Arriba 

County, New Mexico".  Chambers, Campbell, Isaacson, Chaplin, Inc.  1979. 
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The relevant references used to perform the watershed hydrology study, to determe required 

design floods, and to perform the dam breach analysis are as follows: 

• Cudworth, A.G., Jr., 1989.  Flood Hydrology Manual, A Water Resources Technical 

Publication.  U.S. Department of the Interior, Bureau of Reclamation.  United States 

Government Printing Office, Denver. 

• United States Department of Interior, Bureau of Reclamation (USBR), 1987.  Design of 

Small Dams.  Water Resources Technical Publication.  Third Edition. 

• New Mexico Office of the State Engineer (OSE), 2010.  Rules and Regulations Governing 

Dam Design, Construction and Dam Safety. 

• United States Department of Commerce, et. al.,  1988.  Hydrometeorological Report No. 

55A. Silver Spring, MD.  June. 

• New Mexico Office of the State Engineer (OSE), 2008.  Hydrologic Analysis for Dams, Dam 

Safety Bureau.  August 15. 
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2. Section 2 TW O Flood H ydrology 

2.1 OVERVIEW 
This section presents the analyses performed for developing the rainfall-runoff characteristics of 

the watershed, preparing the PMP estimate, and reservoir routing. 

2.2 WATERSHED DESCRIPTION 
Laguna Del Campo Dam is located in an off-channel area of the Rio Chama known as Parkview 

Ditch.  The confluence of the downstream channel from Laguna Del Campo Dam with the Rio 

Chama is located approximately 2,500 ft downstream and southwest of Laguna Del Campo Dam.  

The total drainage area of the watershed was delineated using USGS DEM and is shown on 

Figure 2-1.   

 

Figure 2-1 
Laguna Del Campo Dam Watershed Map (Elevation: NAVD 88) 

 

NAVD 88 
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The Laguna Del Campo Dam watershed is about 5.75 sq. mi., and is located in Rio Arriba 

County, New Mexico.  Watershed elevations range from approximately 9,300 ft at the Peňasco 

Amarillo to about 7,300 ft at the Laguna Del Campo Reservoir.  The entire basin is located in the 

Tierra Amarilla Land Grant.  The upper region of the watershed is undeveloped with coniferous 

forest located primarily on west facing slopes.  The lower region of the watershed consists of 

agricultural areas, including farms and ranches, and residential properties, having a cover of 

sparse shrubs and grasses.  An off-channel of the Rio Chama known as Parkview Ditch is the 

inflow channel contributing surface runoff to the Laguna Del Campo Reservoir.  The baseflows 

flowing into the reservoir are expected to be minimal, particularly when compared to PMP 

inflows.   

2.2.1 Infiltration 
The initial abstraction depth for the entire watershed was assumed to be zero inches in order to 

provide a conservative estimate of runoff during the PMP.  Uniform infiltration rates were 

estimated using soil map data developed by the United States Department of Agriculture 

(USDA) in Geographic Information System (GIS) software.  This GIS database contains 

hydrologic soil groups within the watershed area.  The soil data was plotted within the watershed 

delineation as presented in Figure 2-2, and the percentage of each hydrologic soil group that lies 

within the subbasin was calculated using GIS software.   

Four hydrologic soil groups (A, B, C, and D) are defined by the Soil Conservation Service 

(SCS).  Group A soils have high infiltration rates and consist mainly of sands or gravels.  Group 

B soils have moderate infiltration rates and consist mainly of moderately fine to moderately 

coarse textures.  Group C soils have low infiltration rates and consist mainly of soils with a layer 

that impedes downward movement of water and soils with moderately fine to fine texture.  

Group D soils have very low infiltration rates and consist mainly of clay. 
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Table 2-1 
Laguna Del Campo Dam Watershed Infiltration Characteristics 

Hydrological 
Soil Group 

Area 
(ac) 

Area 
Percentage 

Recommended 
Infiltration 

Range (in/hr)* 

Suggested Ave. 
Infiltration 
Rate (in/hr) 

Weighted 
Infiltration 
Rate (in/hr) 

A 0 0% --- --- --- 
B 86.7 2.4% 0.15~0.30 0.225 0.005 
C 217.6 5.9% 0.05~0.15 0.1 0.006 
D 3,363.8 91.3% 0.00~0.05 0.025 0.023 

Water 14.5 0.4% 0 0 0.000 
Total Area= 3,683 Ave. Infiltration Rate (in/hr): 0.034 

 * Recommended soil infiltration rate in Flood Hydrology Manual (Cudworth, 1989) 

 

Approximately 2%, 6%, and 91% of the watershed consists of “B,” “C,” and “D” soil groups, 

respectively.  The Flood Hydrology Manual (Cudworth, 1989), presented in Appendix C, 

describes a range of infiltration rates that can be expected for each hydrologic soil group, as 

shown in Table 2-1.  The impervious area of the watershed is very minor and is comprised of the 

Laguna Del Campo Reservoir surface area.  The weighted average infiltration rate was calculated 

for the entire watershed, based on the hydrologic soil group percentages indicated above.  The 

result was an infiltration rate of approximately 0.034 inches per hour.  An initial loss of 0.0 inch 

per hour was assumed to represent saturated conditions in the watershed due to previous rainfall 

events.  Rainfall losses and excess are shown in Table 2-6. 

 
Figure 2-2 

Map of Hydrologic Soil Groups in Watershed 
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2.2.2 Future Basin Development 
Future development within the Laguna Del Campo Dam watershed is expected to be minimal 

since the entire watershed is in the Tierra Amarilla Land Grant.  Therefore, increases in the 

watershed impervious area or modifications to the basin lag time were not evaluated for potential 

future conditions.   

2.3 UNIT HYDROGRAPH 
A unit hydrograph for the watershed was developed using the methodology for developing a 

synthetic unit hydrograph as outlined in Reclamation’s Flood Hydrology Manual (Cudworth, 

1989).  Selected pages of the Flood Hydrology Manual are presented in Appendix C.  The 

reservoir watershed lies within the “Southwest Desert, Great Basin, and Colorado Plateau” 

hydrologic region as shown on Figure 2 on Page D-3 in Appendix D. 

Lag time must be calculated as part of the procedure to obtain the unit hydrograph for a 

watershed.  Lag time is the time from the mid-point of the rainfall excess that half of the volume 

of unit runoff from the watershed passes the concentration point (Cudworth, 1989).  It is 

influenced by the shape, slope, and roughness of the watershed.  The following Reclamation 

equation was used to estimate the lag time for the watershed: 

33.0

5.0
26 








=

S
LL

KL ca
ng  

where: 

Lg = Lag time, hours 
Kn = Average Manning’s n value for principal watershed drainages 
L = Length of longest watershed course, mi 
Lca = Distance from dam to point opposite of watershed centroid, mi 
S = Overall slope of L measured from dam to watershed divide, ft/mi 

 

Unit hydrographs are based on measurable and observed physical parameters of the watershed.  

These parameters (drainage area, length of longest watercourse (L), distance to centroid (Lca), 

and slope (S)) were obtained using GIS software and 2009 USGS 1/3-Arc Second National 

Elevation Data of the watershed area.   
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The Kn value for the Laguna Del Campo Dam watershed was estimated to be 0.055 for the PMP 

storms, based on the existing watershed conditions.  This Kn value is consistent with the average 

of the suggested range (0.042 to 0.070) as found in Cudworth (1989) for the hydrologic region.  

Consequently, and the computed lag time is 1.7 hours. The calculations of these parameters are 

shown in Appendix F and summarized in Table 2-2.    

Table 2-2 
Summary of Laguna Del Campo Dam Watershed Parameters 

Parameter Value 
Drainage Area (mi2) 5.75 
Length of Longest Watercourse (mi) 7.12 
Distance to Basin Centroid (mi) 3.92 
Watercourse Slope (ft/mi) 274.86 
Average Weighted Manning's n (Kn) 0.055 
Lag Time (hour)  1.7 

 

The watershed unit hydrograph is shown on Figure 2-3 and tabular data is presented in 

Table 2-3. 

 
Figure 2-3 

Laguna Del Campo Dam Watershed Unit Hydrograph 
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Table 2-3 
Laguna Del Campo Dam Watershed Unit Hydrograph Data  

Time 
(hr) 

Unit 
Discharge 

(cfs) 

Time 
(hr) 

Unit 
Discharge 

(cfs) 

Time 
(hr) 

Unit 
Discharge 

(cfs) 
0.08 15 3.00 456 5.92 73 
0.17 26 3.08 430 6.00 70 
0.25 39 3.17 407 6.08 67 
0.33 58 3.25 386 6.17 63 
0.42 92 3.33 366 6.25 59 
0.50 137 3.42 349 6.33 57 
0.58 196 3.50 331 6.42 55 
0.67 272 3.58 315 6.50 51 
0.75 385 3.67 298 6.58 49 
0.83 565 3.75 283 6.67 46 
0.92 836 3.83 269 6.75 44 
1.00 1,171 3.92 255 6.83 42 
1.08 1,488 4.00 240 6.92 40 
1.17 1,809 4.08 230 7.00 38 
1.25 2,091 4.17 217 7.08 36 
1.33 2,398 4.25 206 7.17 34 
1.42 2,499 4.33 196 7.25 32 
1.50 2,448 4.42 187 7.33 31 
1.58 2,323 4.50 177 7.42 29 
1.67 2,154 4.58 168 7.50 28 
1.75 1,951 4.67 160 7.58 26 
1.83 1,738 4.75 152 7.67 24 
1.92 1,515 4.83 144 7.75 23 
2.00 1,321 4.92 136 7.83 23 
2.08 1,178 5.00 129 7.92 21 
2.17 1,050 5.08 124 8.00 20 
2.25 935 5.17 118 8.08 19 
2.33 851 5.25 112 8.17 19 
2.42 775 5.33 106 8.25 18 
2.50 707 5.42 101 8.33 17 
2.58 639 5.50 95 8.42 16 
2.67 592 5.58 90 8.50 15 
2.75 545 5.67 86 8.58 14 
2.83 512 5.75 81 8.67 14 
2.92 483 5.83 77 8.75 13 
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2.4 PRECIPITATION 
The General Storm PMP and the Local Storm PMP for the watershed were estimated using 

procedures presented in HMR 55A.  The PMP is theoretically the greatest depth of precipitation 

for a given duration that is physically possible over a given size storm area, at a particular 

geographic location, at a certain time of the year.  PMP calculations and pertinent HMR 55A 

materials are presented in Appendix D. 

2.4.1 General Storm PMP Event 
The General Storm PMP is considered a storm event that usually produces precipitation over an 

area larger than 500 square miles for durations longer than 6 hours.  This type of storm is 

primarily created by cyclonic precipitation associated with large-scale weather features, such as 

pressure systems and fronts.  The 1-hour to 72-hour PMP depths for the General Storm PMP for 

Laguna Del Campo Dam were estimated from HMR 55A.  The General Storm PMP estimates 

are shown in Table 2-4.   

Table 2-4 
General Storm PMP Depth-Duration Estimates (HMR 55A) 

Duration 
(hr) 

Precipitation  
(in) 

1 4.5 
6 9.3 

12* 13.0 
18* 15.5 
24 17.0 

30* 17.7 
36* 18.5 
42* 19.0 
48* 19.5 
54* 20.0 
60* 20.8 
66* 21.3 
72 22.0 

 *Interpolated from depth-duration plot of HMR 55A values 
 

A summary of the methodology used for the development of the HMR 55A General Storm PMP 

event is presented below.  Plates Ic, IIc, IIIc, and IVc were used to estimate the 1-hour, 6-hour, 

24-hour, and 72-hour precipitation depths, respectively, for the watershed.  The watershed was 

located on each plate and the PMP values were estimated.  Additional precipitation depths were 



SECTIONTWO Flood Hydrology 

 N:\PROJECTS\22242013_USFWS4_NM_DAMS_EAP\SUB_00\12.0_WORD_PROC\LAGUNA DEL CAMPO DAM\BREACH ANALYSIS REPORT\FINAL\LAGUNA BREACH ANALYSIS REPORT_FINAL-REV1.DOCX\5-SEP-12\\  2-8 

interpolated using the depth duration curve to estimate precipitation depths at 6 hour increments. 

Appendix D presents the development of the General Storm PMP values.  Weighted area 

reduction factors were not applied since the watershed area is less than 10 square miles.  

According to the recommendations in the Hydrologic Analysis for Dams (OSE, 2008), two types 

of rainfall distribution for General Storm PMP are recommended.  They are “center-peaking” 

and “late-peaking” (2/3 peak).  Either the center-peaking or late-peaking distribution are 

acceptable for 72-hour General Storm PMP.  Both distributions were estimated for evaluating the 

General Storm PMP.  The rainfall distributions of the 72-hour General Storm PMP for center-

peaking and late-peaking are shown on Figures 2-4 and 2-5, respectively.  Refer to Appendix D 

for material pertaining to generation of PMP estimates using HMR 55A for the General Storm 

PMP.  

 

Figure 2-4 
72-hr General Storm Hyetograph (Center Peaking) 
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Figure 2-5 
72-hr General Storm Hyetograph (2/3-Peaking) 

2.4.2 Local Storm PMP Event  
The Local Storm PMP is generally considered a storm event that is confined in duration and 

location.  A Local Storm PMP rarely occurs in areas exceeding 500 square miles and the 

duration is often 6 hours or less.  This type of storm is primarily created by convective 

precipitation associated with vertical upward motion within an extended mass of moist air, where 

the moist air is warmer than its environment.  The 15-min to 6-hour PMP depths for the Local 

Storm PMP were estimated from HMR 55A.   

A summary of the HMR 55A methodology used for developing the Local Storm PMP is 

presented below.  The 1-hour, 1 square mile, 5000 ft elevation precipitation depth was obtained 

using Plate VIc.  An elevation adjustment factor was applied to the 1-hour depth using Figure 
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reduction factors were then applied to each precipitation depth using Figure 12.12 of HMR 55A 

for Local Storms.  Refer to Appendix D for material pertaining to Local Storm PMP estimates 

using HMR 55A.  The Local Storm PMP precipitation depths are shown on Table 2-5. 

Table 2-5 
Local Storm PMP Depth-Duration Estimates (HMR 55A) 

Duration 
(hr) 

Precipitation 
(in) 

0.25 5.2 
0.50 6.8 
0.75 7.6 

1 8.2 
2 9.7 
3 10.4 
4 10.9 
5 11.4 
6 11.7 

 

 

Figure 2-6 
6-hr Local Storm Hyetograph (HMR 5) 
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Figure 2-7 

6-hr Local Storm Hyetograph (EM1110-2-1411) 
 

2.5 HYDROLOGIC MODELING 
Hydrologic modeling was completed using the HEC-HMS computer program, version 3.4, 
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2.6 FLOOD ROUTING RESULTS 
Using the aforementioned data, the runoff from the Laguna Del Campo Dam watershed was 

estimated for the General Storm events and the Local Storm events using HEC-HMS.  The HEC-

HMS model results are summarized in Table 2-6.  In summary, the 6-hour Local Storm PMP 

with the EM1110-2-1411 distribution produces the highest peak discharge.  It was evaluated as 

the worst event to produce the highest dam breach flood and was defined as the critical PMP 

event for EAP modeling at Laguna Del Campo Dam.  Consequently, the 50% PMP induced 

flood, was also estimated using the Local Storm PMP.  Precipitation loss was established from 

the HEC-HMS model.  

Table 2-6 
Flood Routing Results  

Flood Scenario Total 
Precipitation 
Depth (cfs) 

Precipitation 
Loss (in) 

Precipitation 
Excess (in) 

Peak 
Reservoir 

Inflow (cfs) 

Critical 
Event Storm Rainfall 

Distribution 

100% 6hr 
Local Storm 

PMP 

EM 1110-2-
1411 11.7 0.2 11.5 19,846 

X (Inflow 
Design 
Flood) 

HMR No. 5 11.7 0.2 11.5 19,799  

100% 72hr 
General 

Storm PMP 

Center Peaking 22.1 2.4 19.7 10,768  

2/3 Peaking 22.1 2.4 19.7 10,817  

50% 6hr 
Local Storm 

PMP 

EM 1110-2-
1411 5.8 0.2 5.7 9,864  
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3. Section 3 THR EE Reservoir  Routing  

3.1 RESERVOIR ROUTING OVERVIEW 
Reservoir routing was completed using the same HEC-HMS model that was created for 

hydrologic modeling.  Additional reservoir parameters including dam elevations, dam rating 

curves, and reservoir stage-storage curves were entered into the HEC-HMS computer program.  

Peak reservoir outflows and the reservoir water surface elevations from the General Storms and 

Local Storms were calculated as a basis for selection of the critical PMP event.  Screen captures 

of the HEC-HMS model are provided in Appendix F.  

3.2 RESERVOIR MODELING 
The reservoir storage capacity curve and total dam outflow rating curve were incorporated into 

the HEC-HMS model.  The methods and assumptions used to develop both relationships are 

presented in the following sections and in Appendix E.  Elevation-discharge relationships were 

developed for both the emergency spillway and dam overtopping flows.  The initial reservoir 

water surface was set at the emergency spillway crest, elevation 98.75 ft.   

3.2.1 Elevation-Discharge Relationship 
The Laguna Del Campo Dam outflow rating curve was calculated by assuming a combined weir 

flow.  Runoff flows through the low-flow opening in the emergency spillway weir structure first, 

and then flow occurs over the emergency spillway ogee crest, and ultimately the dam and north 

dike crests.  Discharge rates for total dam outflow were calculated for elevations above the 

emergency spillway crest, as well as the dam and dike crests using the broad crested weir 

equation:  

Q = CLH3/2 

where: 

  Q = Flow Rate (cfs) 

C = Discharge Coefficient (dimensionless) 

  L = Length of the crest (ft) 

  H = Hydraulic Head (ft) 
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A discharge coefficient of 3.5 was used for calculating discharge over the ogee weir.  This 

discharge coefficient is in the range of values suggested by Reclamation (USBR, 1987) as shown 

on Figure 3-1.  The main dam crest is 500 ft long at El. 104 as discussed earlier.  The length of 

the north dike was estimated from the 1938 reservoir plan and is about 1030 ft.  The 1938 

reservoir plan is also shown in Page A-2 in Appendix A.  The north dike crest elevation was 

assumed to be the same as the dam crest at El. 104 as discussed earlier.  Flow overtopping the 

dam and north dike crest was considered broad crested weir flow and calculated using the 

Bentley Flow Master computer program.  In the Bentley Flow Master computer program, the 

discharge coefficient of 3.09 is estimated for a broad-crest weir based on the input parameters.  

The Laguna Del Campo Dam outflow rating curve is the combination of the dam and north dike 

overtopping flow and emergency spillway flow.  

 

 

Figure 3-1 
Discharge Coefficients for Vertical-Faced Ogee-Crest (from USBR, 1987) 

 

 

The elevation-discharge relationship is presented in Table 3-1 and on Figure 3-2.  Discharge 

associated with the outlet works was assumed to be negligible during the PMP event.   
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Table 3-1 
Reservoir Elevation-Discharge Data 

Reservoir 
Elevation 

(ft) 

Weir Flow (cfs) 
Combined 
Flow (cfs) Emergency 

Spillway 
Lowflow Weir 

Emergency 
Spillway 

Weir 

Main 
Dam 

North 
Dike 

98.15 0 0 0 0 0 
98.75 6 0 0 0 6 

99 10 11 0 0 21 
100 31 117 0 0 148 
101 59 284 0 0 343 
102 93 492 0 0 585 
103 132 736 0 0 868 
104 175 1010 0 0 1185 
105 221 1313 1414 2913 5861 
106 272 1640 4168 8586 14666 
107 325 1990 7901 16275 26491 
108 382 2363 12318 25376 40439 

 

 

 

 

 
Figure 3-2 

Reservoir Elevation-Discharge Rating Curve 

& North Dike Crest 
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3.2.2 Storage Capacity 
The elevation-storage relationship has been estimated based on the elevation-area information 

shown on a 1938 design drawing (Page A-2 in Appendix A) for the dam.  The elevation-

storage-area relationship is presented in Table 3-2.  The data was extrapolated above elevation 

105 ft to elevation 110 ft (6 ft above the dam crest), as shown on Table 3-2. 

Table 3-2 
Reservoir Elevation-Storage-Area Data 

Reservoir 
Elevation 

(ft) 
Area (ft2) Depth 

(ft) 
Area 

(acres) d 

Reservoir Storage Volume 

Incremental 
Vol. (ft3) 

Accumulated 
Vol. (ft3) 

Accumulated 
Vol. (Ac-Ft) 

73.0 0 0.0 0.00 -  0.00 
75.0 5,650 2.0 0.13 5,650 5,650 0.13 
80.0 43,525 7.0 1.00 122,937 128,587 2.95 
85.0 122,325 12.0 2.81 414,626 543,213 12.47 
90.0 223,676 17.0 5.13 865,004 1,408,216 32.33 
95.0 339,424 22.0 7.79 1,407,750 2,815,967 64.65 

98.75b 471,635 25.8 10.83 1,520,736 4,336,703 99.56 
99.0 480,449 26.0 11.03 119,011 4,455,713 102.29 

104.0c 829,866 31.0 19.05 3,275,788 7,731,501 177.49 
104.5 864,808 31.5 19.85 423,668 8,155,170 187.22 
105.0 899,749 32.0 20.66 441,139 8,596,309 197.34 
106.0a 1,007,295 33.0 23.12 953,522 9,549,831 219.23 
110.0a 1,437,480 37.0 33.00 4,889,551 14,439,382 331.48 

 
Notes:  a) Values represent those extrapolated 
 b) Emergency Spillway crest El. 98.75 

c) Dam crest El. 104 
d) Information obtained from 1938 design drawing 
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Figure 3-3 
Reservoir Elevation-Storage-Area Curve 

 

3.3 RESERVOIR ROUTING RESULTS 
The reservoir routing results for the General Storm PMP and Local Storm PMP are presented in 

this section.  Utilizing the aforementioned input data, hydrologic modeling of the PMP Storms 

was completed using the HEC-HMS computer program, which calculated results for peak 

reservoir inflows, maximum reservoir levels, and peak dam outflows.  The HEC-HMS model 

results are summarized in Table 3-3.  Based on the analysis results, the 6-hour Local Storm 

based on the EM 1110-2-1411 rainfall distribution was selected as the critical PMP event for 

Laguna Del Campo Dam.  The peak dam outflow discharge is approximately 19,800 cfs, with a 

maximum reservoir surface elevation of 106.5 ft, which is approximately 2.5 ft above the dam 

crest.     
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Table 3-3 
Reservoir Routing Results  

Flood Scenario Peak 
Inflow 
(cfs) 

Peak 
Outflow 

(cfs) 

Max. 
Reservoir 

Water Surface 
Elevation (ft) 

Dam 
Overtopping 

Depth  
(ft) 

Critical 
Event Storm Rainfall 

Distribution 

100% 6-hr Local 
Storm PMP 

EM 1110-2-1411 19,846 19,793 106.5 2.5 X (IDF) 

HMR No. 5 19,799 19,733 106.5 2.5  

100% 72-hr 
General Storm 

PMP 

Center Peaking  10,768 10,757 105.6 1.6  

2/3 Peaking  10,817 10,818 105.6 1.6  

50% 6-hr Local 
Storm PMP EM 1110-2-1411 9,864 9,836 105.5 1.5  

 

Figures 3-4 and 3-5 present the inflow-outflow hydrographs and the reservoir water surface-

storage plot of the 100% and 50% Local Storm PMP, respectively, for the Laguna Del Campo 

Reservoir.   
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Figure 3-4 
Inflow-Outflow Hydrographs and Stage-Elevation Graphs for Laguna Del Campo 

Reservoir (100% 6-hr Local Storm PMP) 
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Figure 3-5 
Inflow-Outflow Hydrographs and Stage-Elevation Graphs for Laguna Del Campo 

Reservoir (50% 6-hr Local Storm PMP) 

 

3.4 BREACH ANALYSIS 

Breach parameters were estimated for the sunny day, 50% PMP, and 100% PMP induced failures 

of the Laguna Del Campo Dam.  A sunny day breach occurs with the water surface elevation at 

normal pool without a storm event occurring at the time of failure.  It was modeled assuming a 

piping failure scenario.  A sunny day breach occurs as a result of a defect related to the dam, 

which can arise from, but not be limited to, improper dam maintenance, construction, or 

operation.  The PMP failures were assumed to occur during the 100% and 50% Local Storm 

PMP events, respectively.  Laguna Del Campo Dam was assumed to fail from the dam 

overtopping during the PMP events.   

Time (hours) 
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The dam breach analyses due to piping failure and overtopping failure were completed using a 

combination of dam breach parameter empirical relationships and the HEC-HMS computer 

program.  The Froehlich Breach Predictor Equations (Wahl, 1998) were used to estimate 

pertinent dam breach parameters for entry into the HEC-HMS model, which subsequently 

estimates the dam breach outflow hydrograph.  HEC-HMS breach modeling input and output 

data have been provided in Appendix F. 

3.4.1 Dam Breach Parameter Estimation 
The value of dam breach parameters for embankment dams are suggested from several empirical 

ranges developed by the National Weather Service (NWS), the U.S. Army Corps of Engineers 

(USACE), the Federal Energy and Regulatory Commission (FERC), and the Bureau of 

Reclamation (USBR).  Table 3-4 shows the empirical ranges for dam breach parameters for 

embankment dams. 

Table 3-4 
Suggested Breach Parameters for Earth Dams 

Source Average  
Breach Width 

Breach Side Slope  
(1 Vertical : Z 

Horizontal) 

Breach Forming Time 
(hours) 

NWS (1988) 1H to 5H  Z= 0 to 1 0.1 to 2.0 
USACE 
(1980) 0.5H to 4H Z= 0 to 1 0.5 to 4.0 

FERC (1991) 1H to 5H Z= 0 to 1 0.1 to 1.0 

USBR (1982) 3H N/A H/100 
(H in ft) 

Note: H = Height of water against dam above breach bottom elevation  

When modeling an embankment dam breach, the most sensitive parameters are breach bottom 

width and time of breach formation.  A dam breach flood event is mainly dominated by reservoir 

storage, dam embankment material, and failure type.  A estimation of the dam breach parameters 

was performed to support the dam breach modeling for the Laguna Del Campo Dam.  Froehlich 

Breach Predictor Equations (Wahl, 1998) were used to estimate the dam breach parameters.  

Froehlich Breach Predictor Equations (Wahl, 1998) in SI units are as follows: 

 

19.032.01803.0 bw hKVB =

9.053.000254.0 −= bw hVt
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where B= average breach width (m); K= overtopping multiplier, 1.4 for overtopping, 1.0 for 

piping; Vw= volume of water mixture stored above breach invert at time of failure (m3); hb= 

height of breach (m); and t=failure time (hour).  The initial reservoir water surface for sunny day 

failure was assumed to be at the emergency spillway crest (El. 98.75).  The breach initiation 

reservoir elevation for piping failure formation was assumed to be at Elevation 98.74 for 

modeling purposes.  For each overtopping failure scenario, the approximate maximum reservoir 

water surface elevation was obtained from the HEC-HMS modeling.  These reservoir elevations 

indicate the water storage behind the dam and produce the probable maximum breach outflow 

from Laguna Del Campo Dam.  Table 3-5 shows the computed dam breach parameters for each 

analyzed scenario.  The breach bottom widths and failure times shown in Table 3-5 are 

physically related due to using the empirical equations and also are within the range of suggested 

dam parameters shown in Table 3-4.  These results indicate that these estimated dam breach 

parameters are empirically based and reasonable for dam breach hydrologic modeling.  The dam 

breach parameter calculation is presented in Appendix F.   

Table 3-5 
Computed Dam Breach Parameters for Laguna Del Campo Dam 

Dam Failure 
Scenario 

Failure 
Type 

Breach Initiation 
Reservoir Water 

Surface Elevation (ft) 

Water 
Volume 
(ac-ft) 

Time of 
Failure 

(hr) 

Breach 
Bottom Width 

(ft) 
Sunny Day Piping 98.74 99.6 0.2 7.5 

100% 6-hour 
Local Storm PMP Overtopping 105.8 214.7 0.2 36.9 

50% 6-hour Local 
Storm PMP Overtopping 105.1 199.4 0.2 35.7 

 

3.4.2 Sunny Day Piping Breach 
The HEC-HMS model was utilized to estimate the dam failure outflow hydrographs for use in 

subsequent downstream flood routing and inundation mapping.  Using the aforementioned input 

values, the peak outflow resulting from a sunny day piping breach of Laguna Del Campo Dam 

was estimated to be approximately 8,019 cfs, as shown in Table 3-6 and on Figure 3-6.  

Additionally, it was also found that the full embankment height breach had a higher outflow than 
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piping at the mid-point of the final breach height.  HEC-HMS output data have also been 

provided in Appendix F. 

Table 3-6 
Computed Peak Dam Breach Outflows from Laguna Del Campo Dam  

Flood Scenario Failure 
Type 

Dam 
Overtopping 

Depth (ft) 

Peak 
Discharge 

(cfs) Storm Rainfall 
Distribution 

Sunny Day N/A Piping N/A 8,019 
100% 6-hr 

Local Storm 
PMP 

EM 1110-2-1411 Overtopping 1.9 26,903 

50% 6-hr 
Local Storm 

PMP 
EM 1110-2-1411 Overtopping 1.2 23,807 

 

 

Figure 3-6 
Sunny Day Piping Breach Outflow Hydrograph 

 

3.4.3 100% and 50% PMP Overtopping Breach 
Reservoir routing results indicate that Laguna Del Campo Dam overtops during the 50% and 

100% PMP events.  The critical PMP was identified as the 6-hour Local Storm PMP.  A 

conservative approach to a dam overtopping breach analysis is to estimate the reservoir water 

surface elevation that begins the overtopping breach formation, which was verified by repeating 

calculations of the peak reservoir level and storage, anticipated dam breach parameters, and dam 

Time (hours: minutes) 
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breach modeling, to approximately estimate the greatest outflow from Laguna Del Campo Dam.  

Consequently, the estimated dam breach parameters resulting in the greatest outflow from 

Laguna Del Campo Dam during an overtopping failure scenario for Laguna Del Campo Dam are 

shown in Table 3-5.  The dam was modeled to breach at 1.19 ft of overtopping depth during the 

100% PMP and at 1.2 ft of overtopping depth during the 50% PMP.  Using these breach 

parameters, the peak outflow resulting from the 100% PMP overtopping breach of Laguna Del 

Campo Dam was simulated to be approximately 27,000 cfs, and the peak outflow from the 50% 

PMP overtopping breach is approximately 24,000 cfs.  The simulated flood hydrographs of the 

PMP breach and 50% PMP breach are shown on Figures 3-7 and 3-8, respectively.  The 

reservoir outflow is the sum of the dike overflow and the outflow from the main dam.  

HEC-HMS output data have also been provided in Appendix F. 

The computed outflow hydrographs of a sunny day breach, a 100% PMP breach, and a50% PMP 

breach were used to prepare the EAP inundation mapping. 
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Figure 3-7 

Overtopping Breach Outflow Hydrograph at 100% PMP 
 

 
Figure 3-8 

Overtopping Breach Outflow Hydrograph at 50% PMP 
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4. Section 4 FOUR  Inundation Modeling  

4.1 INUNDATION MODELING OVERVIEW 
Inundation mapping downstream of the Laguna Del Campo Dam was conducted using the two-

dimensional computer program FLO-2D, version 2007.06.  Discussion of the channel 

downstream of the dam, the FLO-2D computer program, engineering methodology, and 

inundation modeling results are presented in this section.   

4.2 DOWNSTREAM CHANNEL DESCRIPTION 
Laguna Del Campo Dam is located on a side channel of the Rio Chama, about 2,500 ft upstream 

from the confluence with the Rio Chama.  The side channel is a low flow channel conveying 

outflow from the Laguna Del Campo Dam to the Rio Chama.  Residential and agricultural land 

characterizes the side channel.  The study reach extends from the dam through the side channel 

and the Rio Chama to the downstream termination at the El Vado Reservoir.  The study reach is 

about 13.7 miles long.  The reach between the side channel/Rio Chama confluence to about 

2.6 miles downstream from the confluence is generally characterized by a broad and wide 

floodplain.  The remaining reach is a high and narrow canyon.  The average slope of the side 

channel is about 3%.  The average gradient along the Rio Chama is approximately 0.4%.   

4.3 ENGINEERING METHOD 
FLO-2D is a two-dimensional hydraulic model that is specifically designed for flood routing 

simulations over alluvial fans, in channels and floodplains.  It is a finite difference model that 

uses a square system of grid elements overlain on the downstream topographic mapping.  The 

flood hydrograph is routed using the full dynamic wave approximation to the momentum 

equation.  FLO-2D is on FEMA’s list of approved hydraulic models for both riverine and 

unconfined alluvial fan flood studies.  It has been used extensively by a number of Federal 

agencies including the USACE, Reclamation, USGS, Natural Resource Conservation Service, 

U.S. Fish and Wildlife Service and the National Park Service.   

For this study, FLO-2D was used to complete the flood routing in place of a traditional one-

dimensional model, due to the rapidly rising peak of the dam breach hydrograph and the wide 

floodplains.  Model stability is commonly difficult to attain with a rapidly rising hydrograph in 

one-dimensional models, however, model stability is generally more easily attainable with a 

FLO-2D simulation. 
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The dam breach outflow hydrographs from the Laguna Del Campo Dam obtained from the 

HEC-HMS model results were used as inflow hydrographs for the dam flood inundation 

modeling scenarios which are the sunny day breach, the 100% Local Storm PMP breach and the 

50% Local Storm PMP breach.  The model includes the side channel from the Laguna Del 

Campo Dam to the confluence with the Rio Chama and the Rio Chama from the confluence to 

the El Vado Reservoir.  Residential or agriculture structures along the study reach were 

identified so that potential flooding impacts could be verified using model results.  The 

downstream study boundary of FLO-2D is shown in Figure 4-1.  The dam failure flood 

inundation simulation results are presented in Appendix H. 

Figure 4-1 
FLO-2D Computational Boundary Map 

 

4.4 TWO-DIMENSIONAL HYDRODYNAMIC MODELING 

4.4.1 Topographic Data, River Cross Sections and Model Details 
FLO-2D is an effective tool for delineating flood hazards or designing flood mitigation.  

Overland flow is routed in eight directions either as sheetflow using either the kinematic or the 

diffusive wave approximation to the momentum equation.  For the floodplain flood routing, the 

parameters having the greatest effect on the area of inundation or outflow hydrographs are as 

follows (FLO-2D Software, Inc., 2007): 

• The overland flow path is primarily a function of the topography. 
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• Inflow hydrograph discharge and volume directly affect the area of inundation. 

• The floodplain roughness n-values can range from 0.03 to 0.5 and control the overland 

floodwave speed. 

In this study, the FLO-2D model was developed from available topographic data and aerial 

images.  The FLO-2D topographic surface was generated from 10-meter, USGS digital elevation 

model (DEM) data.  No ground surveys were performed for this study.  It should be noted that 

USGS DEMs often do not adequately resolve roadway embankments, stream crossings and areas 

of recent development.  Therefore, the flood routing results may not provide adequate detail at 

these features.  

The DEM points were imported to the FLO-2D Grid Developer System (GDS) and grid element 

elevations were interpolated and assigned.  In the selection of the grid element size, it is 

necessary to balance the model resolution with the total number of grid cells.  Increasing the 

resolution increases the total number of grid cells thereby significantly increasing model 

computation time.  Commonly, a grid size between 250 ft to 2,000 ft is used for the floodplain 

inundation modeling.  In this study, in order to enhance the model accuracy based on the 

obtained DEM resolution, a grid element size of 50 ft was selected and was assumed to 

adequately resolve the topography.  Since 10-meter (33 ft) DEM data was implemented in the 

model, it was determined that 50-foot grid cells resulted in the highest model resolution with a 

reasonable computation time.  The final system consists of 100,071 elements.    

The dam breach outflow hydrographs from Laguna Del Campo Dam obtained from the HEC-

HMS model results were assigned to the inflow elements at the dam outlet works where the main 

dam embankment is located and the northern dike where overtopping flow runs through these 

potential impacted structures.  A total of 14 floodplain cross sections were created and cross the 

study reach in the model to obtain the simulated flood hydrographs at these locations.  The 

locations of floodplain cross sections are shown on the inundation maps in Appendix I.  The 

simulation times are nine hours and 30 hours for PMP events and Sunny Day event, respectively. 

These simulation times are longer than the inflow hydrograph duration and allow the simulated 

flood peaks pass through the entire study reach.     

The FLO-2D models were built with the default tolerance values, which are (FLO-2D Software, 

Inc., 2007): 
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- Tolerance value for the percent change = 0.2 or DEPTOL = 0.2; 

- Surface detention value = 0.1 ft or TOL= 0.1;     

- Maximum value of the numerical stability coefficient for full dynamic wave flood 

routing = 1.0 or WAVEMAX = 1.0.                 

4.4.2 FLO-2D Model Assumptions and Limitations 
Based on the computer program limitations, available information, and project scope, the 

assumptions and limitations of the Laguna Del Campo Dam FLO-2D model are illustrated in this 

section.  The main purpose of this dam breach analysis study is to support the Laguna Del 

Campo Dam EAP.  The upstream end of the FLO-2D model was located at the downstream toe 

of the dam.  The model included the tributary channel from Laguna Del Campo Dam to the 

confluence with Rio Chama, the reach from the confluence downstream to El Vado Reservoir in 

Rio Chama. The study reach is approximately 13.2 miles, as shown on Figure 4-1. 

First, the simulated results are constrained by the FLO-2D program abilities.  Very detailed flow 

hydraulics, such as hydraulic jumps, flow in river bends, around bridge piers, or other 

detail/complicated hydraulic structures, cannot be simulated with the FLO-2D model.  FLO-2D 

does not distinguish between subcritical or supercritical flow and has no restrictions when 

computing the transition between the flow regimes.  For minor flows, such as the beginning of 

the inflow hydrograph or the split of flow on a floodplain, the flow discharge is simulated as very 

shallow sheetflow in the computation grids.  Manning’s Roughness Coefficients are adjusted 

based on sheetflow depth. Thinner sheetflow is computed with higher flow roughness and less 

flow velocity by FLO-2D. These computations make these sheetflow grids become sticking grids 

and produce very long flow travel times for these sheetflow grids.  

Second, the flood inundation simulation is limited by the available data and study level.  In this 

study, the dam flood inundation model was built using the available topographic data, which is 

USGS DEM.  The FLO-2D model is essentially complete except for localized flood detail in 

some areas.  For instance, Tetra Tech Inc. (Tetra Tech, 2005) developed a Below Caballo Dam 

FLO-2D model for the U.S. Army Corps of Engineers in Albuquerque, New Mexico.  Their 

study results concluded the following: 
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“Accurate flood hazard delineation in local reaches depends on roadway/railroad 

embankment, wasteways and irrigation system ditches and spoil pile embankments.  

This detail is not anticipated to significantly affect the movement of the floodwave 

or alter the maximum water surfaces or discharges.  It may impact the area of 

inundation in a local overbank area.   

Hydraulic structures are important to local flooding but are not critical to the 

passage of the floodwave through the system.  The bridges, diversion dams and 

siphons have very limited (almost negligible) upstream storage and therefore 

accuracy of the rating tables is not critical to the floodwave movement.”   

In addition, as aforementioned in Section 4.4.1, the FLO-2D user’s manual mentions that the 

inundation area is directly affected by the inflow hydrograph discharge and volume.  Therefore, 

the detailed local structure/ground variation is not anticipated to significantly affect the 

movement of the floodwave or alter the maximum water surfaces or discharges.  This level of 

evaluating local flooding conditions would require detailed local topographic features and more 

local hydrologic information, which were not available for this study and were beyond the scope 

of work.   

In the Laguna Del Campo Dam FLO-2D model, a grid element size of 50 ft was assumed to 

adequately resolve the topography for channel, levee, road embankment, bridge and large 

residential and commercial structures.  For all three dam breach scenarios, the model setup 

assumed that small hydraulic structures, such as pedestrian bridges, are destroyed. There is no 

dam flood overtop major road embankments.  

Lastly, the Laguna Del Campo Dam FLO-2D model was built with a conservative and practical 

model setup.  The flood inundation was simulated using the FLO-2D floodplain flood hydraulic 

computation.  No sediment transport or debris flow was considered in this study.  The runoff 

losses due to infiltration and evaporation were excluded.  For the Laguna Del Campo Dam FLO-

2D model, the average Manning’s “n” value of 0.035 reflecting the existing natural grass channel 

was assigned to the elements in channel area.  The average Manning’s “n” value of 0.05 

reflecting the floodplain with scattered brush (Wurbs and James, 2002) was assigned to the 

elements in floodplain area.  The roughness will be increased with a decrease in the flow depth, 

therefore, the higher the coefficient, the greater the increase in roughness by the FLO-2D 
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program.  This roughness adjustment will slow the progression of the floodwave advancing 

downstream.  In the Laguna Del Campo Dam FLO-2D model, the Manning’s “n” values vary 

between 0.035 and 0.089 depending on the computed flow depth. 

For detailed numerical methodology and program applications of FLO-2D, refer to the program 

users’ and reference manuals by FLO-2D Software, Inc.  Additional details for the Laguna Del 

Campo Dam FLO-2D model are located in Appendix H. 

4.4.3 FLO-2D Model Calibration 
Dam breach flood inundation is an extreme hazard event and rarely occurs compared to 

frequency storm floods.  The dam breach inundation is primarily dominated by the floodplain 

overflow and is not like an in-channel flood.  In this study, no historical record, or inundation 

maps observed from past extreme floodplain flood events for the study reach, and no gauged 

outflow hydrographs from Laguna Del Campo Dam were available for model calibration.  

Consequently, the FLO-2D models were conservatively built based on the understanding of the 

study reach and recommended model parameters.      

4.5 MODEL SIMULATION RESULTS 
The computation run time of each scenario is approximately 68 hours.  In the FLO-2D model, 

the time steps are incremented and decremented during a flood simulation to maintain numerical 

stability.  In this study, the model time steps are between 0.011 and 10.9 seconds.  The accuracy 

of the numerical routing is monitored by volume conservation in the model, which is listed in 

either the BASE.OUT or SUMMARY.OUT files.  The outputs show 100% of volume 

conservation balance for all analyzed scenarios.  There were no error messages found in the 

model outputs.  

Flood inundation maps for Laguna Del Campo Dam are included in Appendix I.  These maps 

include the sunny day dam breach, the dam breach during the 50% PMP event, and the dam 

breach during the 100% PMP event.  Mapping extends along the tributary downstream of 

Laguna Del Campo Dam to the confluence with the Rio Chama, where flows from a potential 

dam failure are expected to remain within the floodplain area of the Rio Chama. 

Floodwave travel velocity, which is shown on the inundation maps as floodwave arrival time and 

time to peak, is a function of flood volume, wave length, and flow depth.  Generally, for the 
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sunny day breach, the floodwave is moving faster than for the PMP floods because the 

floodwave of the sunny day breach has a relatively short wave length and deep flow depth.  

While floodwaves are attenuating downstream, the floodwave velocity of the sunny day breach is 

significantly reduced by the shallow flow depth, which is split over the floodplain.  At that time, 

the PMP floodwaves are moving faster than the sunny day floodwave. In the Laguna Del Campo 

Dam FLO-2D models, the computed results show that the floodwave arrival times at upstream 

cross-sections are longer for the 50% PMP and 100% PMP breach scenarios than for the sunny 

day failure scenario.  Similarly, the floodwave arrival times at downstream cross sections are 

shorter for the 50% PMP and 100% PMP breach scenarios than for the sunny day failure 

scenario.  

It should be noted that the initiation time (t=0) for the dam breach floodwave arrival and peak 

stage times for the sunny day event and PMP flood events are different. Table 4-1 shows the 

definitions of the dam breach floodwave travel times.  Based on these definitions, the sunny day 

dam breach timing starts at breach initiation or the beginning of the simulation time. According 

to the HEC-HMS reservoir routing outputs, the PMF dam breach timing is initiated (t = 0) at 

4.17 hr from the beginning of the analyzed PMP events.  This time value was used as a cutoff to 

compute the floodwave arrival and peak stage times obtained from the FLO-2D outputs.  The 

computed results are shown on the dam flood inundation maps in Appendix I. 

Table 4-1 
Definitions of Dam Breach Floodwave Travel Time 

  Dam Breach Floods 
Initiation Time 

(t=0) 
Breach initiation at dam 

embankment 
Floodwave 
arrival time 

Beginning of flow increase due 
to dam failure 

 

The beginning of the dam outflow hydrograph shows very minor discharge.  In the FLO-2D 

model, these minor discharges were simulated as very shallow sheetflow in the computation 

grids.  Flow velocity of sheetflow was computed using the adjusted high Manning’s Roughness 

Coefficients.  These computations make these sheetflow grids become sticking grids and produce 

relatively slow flow velocity for these sheetflow grids.  
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The extreme flooding event is the dam breach during the 100% PMP event with the inundation 

limits are greater than those for the sunny day and 50% PMP breaches.  All three dam breach 

hydrographs attenuate significantly as the floodwave progresses downstream.  The sunny day, 

50% PMP, and 100% PMP peak flow rates vary from approximately 8,000 cfs, 23,800 cfs, and 

26,900 cfs, respectively, at Laguna Del Campo Dam to 13 cfs, 6,000 cfs, and 15,800 cfs, 

respectively, to El Vado Reservoir (about 14 miles downstream of Laguna Del Campo Dam).  

The inundation area immediately downstream of the dam is expected to have an average 

maximum width of approximately 250 ft.  The remainder of the inundated area along the Rio 

Chama is expected to have an average maximum width of 160 ft to 1,800 ft. 

The dam breach scenario results in the inundation of a private access road about 1,000 ft 

downstream from Laguna Del Campo Dam, which is expected to overtop as a result of the sunny 

day, 50% PMP and 100% PMP dam breaches.  Additionally, sheetflow introduced by the 

overflow from the north dike runs down on the natural ground and is collected by Rio Chama.  

The sheetflow is not expected to significantly inundate residential structures or roads as the flow 

depth is likely less than 1 foot.  The gravel pit operated by Russell Sand and Gravel Co. Inc., 

houses and other structures downstream of the north dike of Laguna Del Campo Dam may be 

inundated by sheet flow during PMP events.  The inundation extents may be viewed on the maps 

provided in the EAP and Appendix I. 

4.6 MODELING LIMITATIONS 
All dam breach scenarios herein were modeled based on hypothetical assumptions for the PMP 

intensity and distributions, which were used to produce a storm event that was expected to 

produce the largest flood hazard downstream of the dam.  The delineated inundation areas 

indicate the probable maximum inundation areas and provide the local emergency responders 

guidance of potentially impacted structures.  However, the precipitation distribution, reservoir 

level, and dam breach formation time and geometry are not necessarily the same during an actual 

precipitation or dam failure event at Laguna Del Campo Dam, and the dam failure could be 

initiated by any combination of events.  The computed flood arrival and maximum stage times 

provide on the inundation maps may, therefore, differ during an actual event at Laguna Del 

Campo Dam.   
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5. Section 5 F IVE Conclusions 

Hydrologic modeling shows that the Local Storm with an EM 1110-2-1411 rainfall distribution 

is the controlling PMP storm event for Laguna Del Campo Dam.  The peak reservoir inflow is 

expected to be approximately 19,800 cfs with a total inflow volume of approximately 3500 ac-ft. 

It was estimated that the 100% PMP (IDF) overtopping breach will result in a peak water surface 

elevation of 105.9 ft, which is 7.2 ft above the emergency spillway crest.  The sunny day breach 

of Laguna Del Campo Dam is expected to produce a peak outflow of approximately 8,000 cfs.  

A peak breach outflow of approximately 23,800 cfs is estimated during the 50% PMP, and 

26,900 cfs is estimated during the 100% PMP failures of the dam.  The dam was modeled to 

breach at the approximately maximum reservoir level over dam crest during the 50% PMP and 

100% PMP dam breach scenarios.  

Inundation modeling was conducted along the unnamed tributary from Laguna Del Campo Dam 

and Rio Chama to El Vado Reservoir.  Flood impacts along the majority of the modeled area are 

minimal.  Only a private access road about 1,000 ft downstream from Laguna Del Campo Dam is 

expected to overtop during dam breach floods.  The gravel pit operated by Russell Sand and 

Gravel Co. Inc., houses and other structures at north of the right bank dike of Laguna Del Campo 

Dam may be inundated by sheet flow during PMP events. 
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6. Section 6 SIX Limit ations 

URS represents that its services were performed within the limits prescribed by the client in a 

manner consistent with the level of care and skill exercised within the current standard of 

professional engineering practice of other similar engineering professionals in New Mexico.  No 

other representation to the client, expressed or implied, and no warranty or guarantee is included 

or intended.  URS does not guarantee the performance of the project in any respect; only that the 

engineering work and judgments rendered meet the standard of care of the profession. 
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Appendix A 
Design Drawings of Laguna Del Campo Dam  
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Appendix B 
Photographs of Laguna Del Campo Dam  



Laguna Del Campo Dam: Photos Taken 12/13/2010 
 

B-1 
 

 
Photo B-1 Upstream slope looking left from right end of main embankment  

 

 
Photo B-2 Main reservoir, looking downstream from cross dike  



Laguna Del Campo Dam: Photos Taken 12/13/2010 

B-2 
 

 
Photo B-3 Inflow from abandoned diversion of No Name Ditch into upper reservoir, looking left 

 

 
Photo B-4 No Name Ditch inflow into upper part of reservoir  

 



Laguna Del Campo Dam: Photos Taken 12/13/2010 

B-3 
 

 
Photo B-5 No Name Ditch, looking upstream  

 

 
Photo B-6 Gate operator looking left from main embankment  

 
 



Laguna Del Campo Dam: Photos Taken 12/13/2010 

B-4 
 

 
Photo B-7 Discharge channel looking downstream from dam crest  

 
 

 
Photo B-8 Emergency spillway weir looking left from dam crest 

 



Laguna Del Campo Dam: Photos Taken 12/13/2010 

B-5 
 

 
Photo B-9 Fish screen upstream of weir in emergency spillway channel  

 
 

 
Photo B-10 Chute downstream of emergency spillway weir  



 

  

Appendix C 
Flood Hydrology Manual (Cudworth, 1989) - Select Pages  
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Appendix D 
HMR 55A Materials  
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Figure 7. 6hr local PMP distribution in the Laguna Dam catchment (EM1110-2-1411  Distributed)
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(inch)
0 0 3.25 1.61

0.25 0.04 3.50 5.18
0.50 0.06 3.75 0.81
0.75 0.07 4.00 0.58
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2.50 0.20 5.75 0.10
2.75 0.32 6.00 0.09
3.00 0.57
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Appendix E 
Laguna Del Campo Reservoir Elevation-Storage-Discharge Relationship 

Calculations  



E-1

amy_pharo
Text Box



E-2



E-3



E-4



E-5



E-6



E-7

amy_pharo
Text Box



E-8



E-9



E-10



E-11



E-12



E-13



E-14



E-15



E-16



E-17



E-18



E-19



E-20



E-21



E-22



E-23

amy_pharo
Text Box



E-24

amy_pharo
Text Box



E-25



E-26

amy_pharo
Text Box



E-27



E-28



E-29



E-30



E-31



E-32



 

  

Appendix F 
HEC-HMS Modeling  

Model Inputs and Hydrologic Analysis  
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Table 1. Dam failure scenarios and estimated dam breach parameters

Dam Failure
Scenario

Failure
Type

Trigger
W.S.

Water Volume
(ft3)

Time of
Failure

(hr)
Breach Bottom Width

(ft)

Sunny Day Piping 98.74 4,336,703 0.2 7.5

6 hour PMP Overtop 105.8 9,350,523 0.2 36.9

50% 6 hour PMP Overtop 105.1 8,686,822 0.2 35.7

Table 2. Water volumes at the trigger levels for dam breach analysis.

Elevation
(ft) Area (ft^2)

Depth
(ft) Acres

Existing Pond Volume

Incremental
Vol. (ft^3)

Accumulated
Vol. (ft^3)

Accumulated
Vol. (Ac-Ft)

73.0 0 0.0 0.0 - 0.00
75.0 5,650 2.0 0.1 5,650 5,650 0.13
80.0 43,525 7.0 1.0 122,937 128,587 2.95
85.0 122,325 12.0 2.8 414,626 543,213 12.47
90.0 223,676 17.0 5.1 865,004 1,408,216 32.33
95.0 339,424 22.0 7.8 1,407,750 2,815,967 64.65
98.75 471,635 25.8 10.8 1,520,736 4,336,703 99.56 Spillway Crest
99.0 480,449 26.0 11.0 119,011 4,455,713 102.29
104.0 829,866 31.0 19.1 3,275,788 7,731,501 177.49 Dam Crest
104.5 864,808 31.5 19.9 423,668 8,155,170 187.22
105.0 899,749 32.0 20.7 441,139 8,596,309 197.34
105.1 910,504 32.1 20.9 90,513 8,686,822 199.42
105.5 953,522 32.5 21.9 372,805 9,059,627 207.98
105.8 985,786 32.8 22.6 290,896 9,350,523 214.66
106.0 1,007,295 33.0 23.1 199,308 9,549,831 219.23
110.0 1,437,480 37.0 33.0 4,889,551 14,439,382 331.48
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Figure 1. Computed 100% PMP Hydrographs for Laguna Del Campo Reservoir.
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Figure 2. Computed 50% PMP Hydrographs for Laguna Del Campo Reservoir.
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Figure 1. Simulated Sunny Day Brach Hydrograph for Laguna Dam.
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Appendix G 
Prediction of Embankment Dam Breach Parameters (Wahl, 1998) – Select Pages  
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Appendix H  
FLO-2D - Dam Flood Inundation Modeling  
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Appendix I 
Flood Inundation Maps 
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D/S of Laguna Del Campo Dam
0.33 Miles Downstream of Dam Sunny Day 50% PMP Breach 100% PMP Breach
Max. Flood Discharge (cfs) 7,279 23,945 28,070
Max. Water Surface Elevation (ft) 7254.6 7259.6 7259.9
Max. Flood Stage (ft) 6.9 10.8 11.4
Time to Max. Stage (hr:min) 0:13 0:30 0:25
Time to Floodwave Arrival (hr:min) 0:09 0:01 0:01
Peak Velocity (ft/sec) 36.0 48.4 50.2

Confluence with Rio Chama
0.48 Miles Downstream of Dam Sunny Day 50% PMP Breach 100% PMP Breach
Max. Flood Discharge (cfs) 5,755 22,831 30,515*
Max. Water Surface Elevation (ft) 7224.2 7228.3 7230.3
Max. Flood Stage (ft) 4.5 7.0 7.7
Time to Max. Stage (hr:min) 0:16 0:33 0:28
Time to Floodwave Arrival (hr:min) 0:14 0:13 0:07
Peak Velocity (ft/sec) 5.7 9.7 10.5

U/S of State HWY 572
1.47 Miles Downstream of Dam Sunny Day 50% PMP Breach 100% PMP Breach
Max. Flood Discharge (cfs) 2,644 19,461 27,958
Max. Water Surface Elevation (ft) 7184.4 7187.6 7188.0
Max. Flood Stage (ft) 3.9 7.3 7.8
Time to Max. Stage (hr:min) 0:36 0:42 0:38
Time to Floodwave Arrival (hr:min) 0:34 0:25 0:19
Peak Velocity (ft/sec) 6.4 8.4 9.0

Laguna Del Campo Dam

Rio Chama

UV531

UV572

*Flood peak increase due to the additional lateral inflow from
  the dike overflow

General Note: Inundation zones are based solely on floodwaters from
the watershed above Laguna Del Campo Dam. No contributing
tributary flow was considered. Methods, procedures, and assumptions
used to develop the flooded areas, the limits of the flooding shown
and floodwave travel times are approximate and should only be used
as a guideline for establishing evacuation zones. Actual areas
inundated will depend on actual failure conditions and may differ
from the areas shown on this map.
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D/S of State HWY 572
2.95 Miles Downstream of Dam Sunny Day 50% PMP Breach 100% PMP Breach
Max. Flood Discharge (cfs) 1,887 16,689 25,908
Max. Water Surface Elevation (ft) 7146.9 7152.5 7154.3
Max. Flood Stage (ft) 4.4 10.0 11.7
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Peak Velocity (ft/sec) 7.6 8.3 9.9
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Max. Flood Discharge (cfs) 244 13,604 24,435
Max. Water Surface Elevation (ft) 7103.6 7110.0 7112.7
Max. Flood Stage (ft) 2.2 8.8 11.5
Time to Max. Stage (hr:min) 3:07 1:15 1:03
Time to Floodwave Arrival (hr:min) 2:54 1:07 0:55
Peak Velocity (ft/sec) 2.7 9.1 9.8

West of Highway 112
5.15 Miles Downstream of Dam Sunny Day 50% PMP Breach 100% PMP Breach
Max. Flood Discharge (cfs) 207 12,829 23,893
Max. Water Surface Elevation (ft) 7085.9 7092.9 7095.4
Max. Flood Stage (ft) 1.4 7.9 10.3
Time to Max. Stage (hr:min) 3:44 1:25 1:10
Time to Floodwave Arrival (hr:min) 3:44 1:19 1:01
Peak Velocity (ft/sec) 4.9 16.7 18.7

General Note: Inundation zones are based solely on floodwaters from
the watershed above Laguna Del Campo Dam. No contributing
tributary flow was considered. Methods, procedures, and assumptions
used to develop the flooded areas, the limits of the flooding shown
and floodwave travel times are approximate and should only be used
as a guideline for establishing evacuation zones. Actual areas
inundated will depend on actual failure conditions and may differ
from the areas shown on this map.
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U/S of Heron Res. Outlet
6.65 Miles Downstream of Dam Sunny Day 50% PMP Breach 100% PMP Breach
Max. Flood Discharge (cfs) 122 11,474 22,978
Max. Water Surface Elevation (ft) 7053.6 7062.2 7065.4
Max. Flood Stage (ft) 1.2 9.5 12.9
Time to Max. Stage (hr:min) 5:48 1:42 1:23
Time to Floodwave Arrival (hr:min) 5:23 1:37 1:13
Peak Velocity (ft/sec) 4.1 18.6 21.5

U/S of Heron Res. Outlet
8.15 Miles Downstream of Dam Sunny Day 50% PMP Breach 100% PMP Breach
Max. Flood Discharge (cfs) 87 10,902 22,330
Max. Water Surface Elevation (ft) 7006.9 7016.1 7020.1
Max. Flood Stage (ft) 1.7 10.1 14.3
Time to Max. Stage (hr:min) 7:56 1:57 1:33
Time to Floodwave Arrival (hr:min) 7:56 1:49 1:25
Peak Velocity (ft/sec) 2.8 18.3 22.5

U/S of Heron Res. Outlet
9.73 Miles Downstream of Dam Sunny Day 50% PMP Breach 100% PMP Breach
Max. Flood Discharge (cfs) 56 9,955 21,424
Max. Water Surface Elevation (ft) 6958.7 6968.4 6973.2
Max. Flood Stage (ft) 0.9 10.6 15.4
Time to Max. Stage (hr:min) 10:44 2:13 1:46
Time to Floodwave Arrival (hr:min) 10:44 2:07 1:37
Peak Velocity (ft/sec) 1.7 13.0 18.5

General Note: Inundation zones are based solely on floodwaters from
the watershed above Laguna Del Campo Dam. No contributing
tributary flow was considered. Methods, procedures, and assumptions
used to develop the flooded areas, the limits of the flooding shown
and floodwave travel times are approximate and should only be used
as a guideline for establishing evacuation zones. Actual areas
inundated will depend on actual failure conditions and may differ
from the areas shown on this map.
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U/S of Heron Res. Outlet
10.53 Miles Downstream of Dam Sunny Day 50% PMP Breach 100% PMP Breach
Max. Flood Discharge (cfs) 56 8,756 19,675
Max. Water Surface Elevation (ft) 6936.3 6947.6 6952.8
Max. Flood Stage (ft) 2.1 13.3 18.5
Time to Max. Stage (hr:min) 14:24 2:28 1:58
Time to Floodwave Arrival (hr:min) 13:16 2:19 1:49
Peak Velocity (ft/sec) 0.9 11.8 17.1

D/S of Heron Res. Outlet
11.56 Miles Downstream of Dam Sunny Day 50% PMP Breach 100% PMP Breach
Max. Flood Discharge (cfs) 26 7,756 19,033
Max. Water Surface Elevation (ft) 6922.1 6931.6 6937.0
Max. Flood Stage (ft) 1.2 10.7 16.1
Time to Max. Stage (hr:min) 20:01 2:46 2:37
Time to Floodwave Arrival (hr:min) 17:45 2:31 2:01
Peak Velocity (ft/sec) 0.8 10.0 15.5

U/S of El Vado Reservior
12.27 Miles Downstream of Dam Sunny Day 50% PMP Breach 100% PMP Breach
Max. Flood Discharge (cfs) 22 7,142 18,956
Max. Water Surface Elevation (ft) 6920.6 6928.9 6933.5
Max. Flood Stage (ft) 0.9 9.1 13.6
Time to Max. Stage (hr:min) 23:02 3:14 2:38
Time to Floodwave Arrival (hr:min) 20:49 2:43 2:07
Peak Velocity (ft/sec) 0.7 8.6 11.2

Entrance of El Vado Reservior
13.17 Miles Downstream of Dam Sunny Day 50% PMP Breach 100% PMP Breach
Max. Flood Discharge (cfs) 13 6,054 15,778
Max. Water Surface Elevation (ft) 6917.9 6925.3 6928.9
Max. Flood Stage (ft) 1.1 8.5 12.1
Time to Max. Stage (hr:min) 29:36 3:28 2:44
Time to Floodwave Arrival (hr:min) 26:08 3:01 2:19
Peak Velocity (ft/sec) 1.0 7.2 10.4

Heron Reservoir

Heron Reservoir
Outlet

General Note: Inundation zones are based solely on floodwaters from
the watershed above Laguna Del Campo Dam. No contributing
tributary flow was considered. Methods, procedures, and assumptions
used to develop the flooded areas, the limits of the flooding shown
and floodwave travel times are approximate and should only be used
as a guideline for establishing evacuation zones. Actual areas
inundated will depend on actual failure conditions and may differ
from the areas shown on this map.
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