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UNITED STATES 

DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

NEW MEXICO WATER SCIENCE CENTER 

 

Rito de los Frijoles in Bandelier National Monument, NM 08313350 

Slope Area Computation 

Flood of August 21, 2011 

 

TYPE OF MEASUREMENT – Slope Area computation. 

 

LOCATION OF GAGE – Original crest-stage gage was attached to the outside of the Los 

Alamos National Laboratory stream gage which was on the right just upstream of the 

Falls Trail trailhead and at a concrete weir.  This gage was destroyed in the August 21 

flood.  On July 25, 2011 a second gage was installed on a tree on the left bank across 

from the original gage.  This second gage survived the August 21 flood. 

 

DRAINAGE AREA – 17.5 square miles (from adaps). 

 

THEORETICAL DISCHARGES – Discharge: 6,775cfs, Gage height: 11.44 ft (gage 

datum) 

 

SURVEY OF SITE -- The channel geometry and high water marks were surveyed by 

Ellen Soles of the National Park Service (NPS) and A. Tillery of the USGS with 

assistance from Mike Matusche (New Mexico Environment Department), Stephen 

Monroe (NPS – SCPN) Collin Haffey (NPS) and Stephen Brown (USGS) on August 

24 - 27, 2011.  The instruments used for the cross-section surveys were a Topcon 

GTS239 total station used by the NPS and Sokkia Set 3C total station used by the 

USGS.  Both total stations were used with Recon dataloggers equipped with the 

SurveyPro software.  Standard metric fiberglass survey rods and prisms were used.  

Whenever possible, backsights were established with a tripod and tribrach mounted 

prism to ensure precision.  

Survey was initiated by the NPS and completed by the USGS.  Survey set up 

was therefore according to NPS standards which call for total station data were 

collected in metric units.  The earth curvature adjustment was set to “off” and the 

applied atmospheric correction (AC) was 60 ppm (based on local elevation and 

ambient temperature.  An arbitrary survey grid was established with its origin set to 

X=50,000; y=50,000; z= 1,000.  Initial processing of total station survey data 

collected along the Rito de los Frijoles floodplain in Bandelier National Monument 
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from 8/24/2011 to 8/26/2011 was completed using Terramodel (V. 10.4).  Horizontal 

accuracy was roughly within 1-2 cm in most cases, but only within 0.25 m for points 

collected near the end the survey.  The discrepancy is due to limited detail in field 

notes, therefore large differences between the early and final shots on 8/27/11 cannot 

be explained (or corrected). 

As much of each transect, stream profile, and high water mark profile were 

surveyed as possible on each side of the channel from each setup.  Due to limited 

visibility, some high water marks at the far right end of several transects were not 

surveyed therefore a plot of high water marks is not provided.  Water surface 

elevation was interpolated for the area of missing high water marks using a regression 

of surveyed high water marks.  A plot of the regressed high water mark profile is 

provided. 

Cross sections not surveyed to the water surface edge were extended where 

necessary using LiDAR data.  The total station survey was reported in a local arbitrary 

coordinate system and adjusted to UTM, NAD83 CORS 96 Geoid03 coordinates 

using high-resolution control points established with Promark-3 L1-GPS units. The 

total station data were transformed and rotated using three L1-GPS control points with 

Underhill Geomatics Copan Lite v11.  The transformation RMS error was .057 m, and 

the angle of rotation was -71°37'19.62". 

A correction factor of 847.345 m was added to the total station survey height 

data to convert it to orthometric height using Geoid03 datum (CorGeoid03). The 

correction factor was calculated by averaging the difference in height between two of 

the L1-GPS control points and the matching total station survey points. The height 

differences were less than 1cm between two of the control points. The third control 

point was excluded from the average height difference because the comparison of 

two-hour control blocks had inconsistent results, and the elevation of that point was 

inconsistent with the elevations of the two other control points. 

A correction factor of 1.0 m was added to the orthometric height to adjust it to 

the 2010 LiDAR Tin elevation (G03Lid10El). The 1.0 m correction factor was 

determined by comparing the differences of a series of total station points taken in the 

parking lots around the visitor areas of Bandelier National Monument and averaging 

that difference.  The average was 1.01 m, but we are using 1.0 m. Evaluation of total 

station survey data and corresponding LiDAR data for transects along the Rito de los 

Frijoles shows close agreement (Figure #). 

 

NATURE OF FLOOD – The flood occurred between 4:00 and 7:00PM on the afternoon 

of August 21.  The early rainfall covered the upper sections of the Frijoles Canyon 

water shed. The storm then tracked right down the length of Frijoles Canyon until it 

tuned south west around 6:00PM  National Weather Service radar data show 
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intensities of 1.3 inches per hour and a storm total of 2.3 inches in the hardest hit 

areas of the canyon.  A park service rain gage located on the north rim of the canyon 

just below the canyon narrows at Ponderosa Campground documented 2.7 inches of 

rainfall for this storm event.  

 

FIELD CONDITIONS – The upstream end of the reach was near the Visitor’s Center 

parking lot and the lower end was just downstream from the streamflow gaging 

station.  This reach was selected because it is relatively straight and unobstructed and 

because of its proximity to the streamflow gaging station.  The channel has a narrow 

trapezoidal geometry and is inset 4 to 6 feet below the floodplain.  Channel substrate 

is sand and silt.  Overbank areas are heavily vegetated with riparian woodlands 

(ponderosa, cottonwood, box elder and various shrubs and grasses). The high water 

marks and debris lines were clear and easy to locate however; surveying was 

complicated by the dense tree cover. 

 

CROSS SECTIONS – Cross sections were numbered from 12 (downstream) to 20 

(upstream).  Cross section 15 was discarded as plan view documentation showed that 

it was heavily skewed with respect to the stream line.  Cross sections were subdivided 

into multiple subareas for differences in roughness in the channel and overbank areas.  

Main-channel cross section bed material was composed of silt and sand.  Photographs 

were taken of each cross section.  Roughness coefficients were selected based on, 

channel morphology, channel substrate, and overbank vegetation and ranged from 

0.02 to 0.15. Because the flow in the overbank area was deeper than 1/5 the depth of 

the channel in most places, the n values were weighted for each cross section.  The 

weighted n values ranged from 0.054 to 0.083.  The total distance of the reach 

modeled for the slope-area computation is 383 ft.  A longer reach was not possible 

because the channel curved sharply just beyond the ends of this reach. 

 

COMPUTATIONS – The U.S Army Corps of Engineers, Hydrologic Engineering Center 

HEC-RAS computer software was used by the NPS to compute flow consistent with 

water surface elevations.  The slope for the computation was computed as (.0155 

ft/ft).  The stream gage is located at cross section 13.  The USGS Slope Area 

Computation program was used by the USGS to compute flow consistent with the 

water surface elevations. 

A visual examination of the plan view plot shows that the channel width 

decreases significantly downstream of cross section 16.  Because of the abrupt 

channel constriction and possible flow regime change associated with this 

constriction, only cross sections 20-16 were used in the final analysis despite the 

sacrifice of a longer reach. 
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Final discharge obtained by using the 4 section formula.  Q = 6,775 

Reach Q 
Percent 

diff. 
opening spread 

XS20 - XS19 6916 2.1 expanding  5 

XS19 - XS18 6229 8.0 contracting  0 

XS18 - XS17 6653 1.8 contracting  0 

XS17 - XS16 7451 9.9 contracting  0 

 

EVALUATION OF RESULTS. – Percent differences between reach computations and 

summary computation ranges from 1.8 percent to 9.9 percent. Length of entire reach 

is 234 feet.  Total fall is 3.77 feet which exceeds the velocity head for each reach.   

Each two section reach falls exceeds the recommended fall of 0.5 ft. 

Cross 

Section 

Area Top 

Width 

Average 

Depth 

Froude 

number 

20 887 211 4.20 0.66 

19 932 207 4.50 0.60 

18 905 186 4.86 0.60 

17 883 194 4.55 0.63 

16 831 164 5.07 0.64 

AVERAGE DEPTH  4.64  

 

Reach length (234 ft) is less than than 75* Average depth (4.64 *75 = 348). 

Total reach XS20 – XS16 is slightly expanding (spread = 1).  

 

PREVIOUS COMPUTATIONS 

 

REMARKS – The highest percent difference between two section discharges and the total 

discharge was 9.9% for a fair rating but because of the short reach length the 

measurement should be rated as fair. 

Prepared by:   Anne C. Tillery Date:  February 15, 2012 

Checked by:   Date:   

Date Measurement type Gage height Discharge 

07/05/1977 Slope Area 5.02 654 

07/27/1977 Slope Area 3.88 397 

08/29/2007 Slope-Conveyance 4.62 623 
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Reviewed by:   Date:   
















































