Indirect Measurement Summary
Big Thompson River at Loveland, CO (06741510)
South Platte River Basin
Q= 19,000 cfs
Stage=11.93 ft 
Flood of September 13, 2013

Type of measurement:     Type 1 Contraction with Road Overflow

Location of site:   Streamgage is located at Lat N 40˚22’43”, Long W 105˚03’38”  referenced to North American Datum of 1927 in SE ¼ SE ¼ sec 24, T.5 N., R.69 W., Larimer County, CO, Hydrologic Unit 10190006.  The contraction measurement was made at Boise Avenue (South County Road 1H) approximately 0.9 main channel river miles downstream of the gage house.    


Survey of site: The initial reconnaissance for the Big Thompson River at Loveland was done by Mark Smith and Robert Holmes on Sunday, September 22, 2013 and the original site was selected to be a contracted opening for the St. Louis Avenue with large road overflow that potentially could not have been solved by weir computation methods.  As such, the original survey began at the St. Louis Avenue Site (these files are in a separate folder than the Boise Avenue site).  Given the hydraulic difficulties that the St. Louis Avenue site posed for later computation,  the Boise Avenue site was selected by Wil Sadler on September 26, 2013 with flagging and initial surveying by a crew of Wil Sadler, Nathan Stroh, and Jon Lageman occurring on September 26 and 27, 2013 (known in files as the WJS Survey).  The survey lists the vertical closure error as 0.017, so no correction to survey points was made.  This crew used a total station, GPS, and M9 hydroacoustic instrument (for main channel at contraction) to conduct the survey.   The total station used in the survey is a Trimble 5600 with direct Reflex Serial Number 63322244. The GPS surveying equipment consisted of a Trimble R8 (with GLONASS) base unit serial number 5134471238, a Trimble R8 (with GLONASS) Rover Unit serial number 5201480859, and Trimble R8 Trimble R8 (without GLONASS) Rover Unit Serial Number 4342128400. A Sontek M9 River Surveyor hydroacoustic unit serial number 2090 was used get the main channel depths at the contraction.    Survey X,Y coordinates are in UTM Zone 13T.   

The GPS base station was setup over an initial point (rebar driven into the ground) and HUB-1 (rebard driven in ground) was established by GPS rover occupation.  The UTM Zone 13T coordinates and NAVD88 Elevation for HUB-1 is:

	ID
	Northing
(US survey foot)
	Easting
(US survey foot)
	Elevation
(US survey foot)

	Initial Occupation of Base GPS
	14665117.41
	1622700.488
	4927.684

	HUB -1
	14666207.88
	1625283.94
	4920.967



High water marks consisting mainly of debris lines on the bank were surveyed along the left and right banks.  

A follow-up GPS survey was made on October 8, 2013 by Mark Smith, Mike Kohn, and Kyle Davis (this survey is known in the electronic files and graphs as the MES Survey).  No vertical error is given for this survey.  The purpose of this survey was to collect additional approach cross section data, the left embankment slope, a cross section parallel to the contraction on the downstream end of the contraction (as opposed to perpendicular to channel flow line), and an exit section.  This crew used as a Trimble R8 (with GLONASS) base unit serial number 5242498441, equipped with a Trimble TDL450H Radio serial number 12489652 and a Trimble R8 (with GLONASS) rover unit serial number 4638122276.  An RDI Streampro, serial number 240, was used to determine the water depths for the contraction cross section.  The October 8 survey was performed in the same X,Y, and Z coordinate system as the September 26 survey.  HUB 1, from the September 26 survey, was used as the base and starting point for the October 8 survey and its XYZ position was computed from the September 26 survey which resulted in the surveys having the same datums and coordinate system.  Point 209 is common to both WJS and MES surveys and was used by the analyst to adjust the MES survey to better match the WJS survey.  Correction factors were computed as the difference between point 209 in the WJS and MES survey   Following are the correction factors applied to the MES survey:

Correction Northing   17.998 ft
Correction Easting      26.613 ft

These corrections were applied to all parts of the MES survey EXCEPT part of the approach cross section to the contraction whereby it was realized the correction would make the embankment slope be in the middle of the Boise Avenue roadway.  In this case, the uncorrected data was used to allow the survey to better agree with known roadway fill geometry.  This uncorrected segment to the approach cross section is known as X1 on the plan view drawings and figures.  
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Figure 1.—Aerial shot of the Boise Avenue Indirect Location.  The road overflow section is shown along with the location of the contraction.  

Discharge and Gage Height:  19,000 ft3/s, rated at fair to poor (+/- 15 to 25%)  at a gage height of 11.93 feet.  Flow through the contraction was computed to be 12,400 ft3/s and 6,620 ft3/s as road overflow.  Gage Height determined from HWM surveyed as part of indirect survey for Boise Avenue (see appendix).  

Drainage area:  531 mi2 from station description. 

Unit Discharge:    34.8 cfs/mi2.  Crippen and Bue (1977) envelope curve for this region (Region 13) with the 2013 flood plotted on the graph is presented in figure 2.  This flood peak plots well below the envelope curve.    

 
Figure 2. -- Crippen and Bue envelope curve for Region 13

Nature of flood: A slow-moving, near-stationary,  low-pressure system over the Great Basin (southwest of Colorado) pulled a strong plume of monsoonal tropical moisture from the Pacific Ocean off western Mexico  and as time progressed, the circulation pattern  brought additional moisture from the Gulf of Mexico on easterly and southeasterly flow.   These easterly and southeasterly flows resulted in upslope flows in the Colorado Front Range and propelled the moisture against the foothills.  The presence of a stalled cold front assisted with additional lift, resulting in rainfall over a very large area[footnoteRef:1] (roughly from Colorado Springs north to Fort Collins).  Rainfall amounts exceeded 15 inches in some locations, with the majority of it falling in a 36-hour period from the afternoon of September 11, 2013 through early morning September 13, 2013.   The worst-case 24-hour rainfall at all locations along the front range was determined from the NEXRAD rainfall for the Colorado Front Range.  The estimated AEP for these worst-case 24-hour rainfall values was then determined from NOAA Atlas 14 Volume 8 (figure 3). [1:  “Severe Flooding on the Colorado Front Range, September 2013”:  A Preliminary Assessment from the CIRES Western Water Assessment at the University of Colorado, NOAA ESRL Physical Science Division, and the CSU Colorado Climate Center, released September 25, 2013  Lead author: Jeff Lukas CIRES/WWA; lukas@colorado.edu] 
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Figure 3---Map of the AEP for the heaviest 24-hour rainfall at each location in the Colorado Flood Area (“Exceedance Probability Analysis for the Colorado Flood Event,9 - 16 September 2013”:    Issued September 17, 2013 by Hydrometeorological Design Studies Center National Weather Service National Oceanic and Atmospheric Administration 1325 East-West Highway, Silver Spring, MD 20910 E-mail: HDSC.questions@noaa.gov)
Field conditions: The indirect reach is the contraction caused by the Boise Avenue bridge along with the road overflow section that is south of the contraction and extends 1,100 feet (figure 1).  The contraction opening is a type 1 bridge opening skewed 24 ° to the plane of contraction ( road fill ) and has wingwalls with two different angles (ϴ = 34° and 59°) as indicated by the survey.  The skew of 24° slightly exceeds the conditions evaluated in the development of TWRI Book 3 A4 (see page 13 under sections titled “Abutments parallel to flow”), however the length of the abutments is short (31 feet) and both the analyst and reviewer feel the value of the flow computed from this method should be used without qualification.  

An approach cross section for the contraction has multiple segments, each aligned normal to the flow direction as determined in the field by the surveying team (figure 4).   Flow over the road fill occurred south of the contraction (figure 1) with a non-submerged segment of the road fill separating the contraction and the road overflow.  TWRI Book 3 A4 and SWB Tech Memo 73.01 outline a methodology whereby the definition of the approach section attributed to the flow through the contraction is varied through iterations of computation of flow over the road and flow through the contraction.  However, because of the nature of the flow vectors and defined flow separation (as evidenced in the field by the WJS Survey team and through aerial video shot during the flood (see appendix)), the flow through the contraction and flow over the road was determined to be separate and independent.  As such, the approach to the contraction is fixed and was not varied through the iteration process to determine the value of the road overflow.  The approach section to the contraction, for purposes of the computations, was located one bridge width upstream of the point where the water surface intersects with the wing walls.  The approach cross section to the contraction was subdivided into two subsections (figure 5).   The n value for the left-most subsection was given a value of 0.024 by the field survey team, but adjusted upward to n =0.026 by the analyst due to trees in the flow path between the approach and the contraction.  Subsection 2 was assigned a composite value of n = 0.040 by weighting the field assigned n values in the various portions of the approach by the WJS Survey team.  These values were placed on an aerial image and their relative lengths established to provide a weighting for each subsection (figure 6).  Weighting by length was thought to be no less rigorous than weighting by wetted perimeter given the uncertainty in the exact location of the variation in roughness by the analyst (the analyst was picking the roughness variation from photographs, aerial imagery, and field notes/sketches from the survey team.        

Surveys indicated that the Water Surface Elevation of the approach was well below the low chord of the bridge (figure 7A) and the flow felt the vertical section of the upstream side of the wingwall (figure 7B), thus designation of Type 1 contraction.  Surveyed high water marks used to determine the water surface elevation upstream and downstream are listed in table 1.  The water surface elevation upstream of the approach going through the contraction was determined to be 4913.8 ft (figure 7) which was determined as the average of 11 high water marks (standard deviation was 0.35 feet).  The downstream elevation was determined to be 4911.9 feet (figure 7) which was determined from the average of 6 high water marks (standard deviation of 0.49).  

Manning’s n value for the contraction cross section (figure 5) was determined in the field by the survey team to be 0.03 which the analyst concurred with based on photos taken during the field survey (figure 8).  The contraction cross section was surveyed as parallel to the contraction (figure 4).  

Table 1—Surveyed high water marks in the vicinity of the contraction
Upstream 
Longitudinal   Elevation    Mark Location 
Stationing		  and Quality
	237
	4913.6
	HWM-R-F

	245
	4913.6
	HWM-R-F

	251
	4914.1
	HWM-R-F

	269
	4913.3
	HWM-R-F

	280
	4913.7
	HWM-R-F/P

	194
	4914.3
	HWM-L-F

	194
	4914.2
	HWM-L-F

	194
	4914
	HWM-L-F

	194
	4914.3
	HWM-L-P

	212
	4913.7
	HWM-L-F

	212
	4913.3
	HWM-L-P

	308
	4913.8
	HWM-L-F

	380
	4914.1
	HWM-L-F


Downstream 
Longitudinal   Elevation    Mark Location 
Stationing		  and Quality
	94
	4911.8
	HWM-L-P

	100
	4911.3
	HWM-L-F

	100
	4911.5
	HWM-L-F

	78
	4911.7
	HWM-R-F

	100
	4912.8
	HWM-R-F

	137
	4912.1
	HWM-R-F




Figure 4—Plan view of the approach section and contraction sections.  Y axis is Northing (feet) and X axis is Easting (feet)
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Figure 5.  A)Total Approach Cross Section, including that too road overflow B) Approach cross section to the contraction, and C)contraction cross section.  X axis is the longitudinal stationing in feet and Y axis is elevation in feet above mean sea level. 
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Figure 6.—n values assigned to various locations in the cross section of the approach to the contraction.  
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Figure 7.—A) High water marks and estimated upstream and downstream water surface elevations. X axis is the stationing in feet along the baseline flow path and Y axis is elevation in feet above mean sea level. B)Water surface elevation and wingwall elevation details (Note: water surface elevation (4913.8 ft) is below the sloped part of the wingwall)
[image: ] looking upstream at exit from left bank
[image: C:\holmes_files\OSWPosition\Floods_Actual\2013-September_Colorado_Nebraska_AZ_NM\Indirects\BigThompsonRiver Loveland\Survey_BigThompson_BoiseAve\pics_Boise\IMG_0163.JPG]looking at upstream left wingwall entrance of bridge
[image: C:\holmes_files\OSWPosition\Floods_Actual\2013-September_Colorado_Nebraska_AZ_NM\Indirects\BigThompsonRiver Loveland\Survey_BigThompson_BoiseAve\pics_Boise\IMG_0182.JPG]looking at upstream right wingwall
[image: C:\holmes_files\OSWPosition\Floods_Actual\2013-September_Colorado_Nebraska_AZ_NM\Indirects\BigThompsonRiver Loveland\Survey_BigThompson_BoiseAve\pics_Boise\IMG_0190.JPG]looking upstream at approach

Figure 8 .  Photos of bridge and approach.
The road overflow section was a paved road embankment of approximately 1,026 feet wide and 23 feet long (figure 1).  The approach section was located 9.6 feet (4 times ‘h’) upstream of the embankment.  The upstream water surface elevation was estimated to be 4915.3 feet based on high water marks (figure 9).   The downstream water surface elevation was estimated to be 4913.2 (figure 10).  As per the method outlined in TWRI Book 3 A5, Book 3 A4, and SWB Memo 73.01, the full approach section (both to the contraction and the road overflow as shown in figure 5A) was used in the computation for road overflow as a first cut to get a preliminary Q for the road overflow, but later, because of the separate and independent nature of the flow over the road from the flow through the contraction, only the part of the approach associated with flow over the road was used in the final computation of road overflow.   The portion of the approach section immediately upstream of the road overflow (figure 11) was assigned an n value of 0.033 based on the adjusted Cowan method as outlined in Arcement and Schneider (1989).  The modified Cowan method, computations, and photographs of the road overflow approach section are contained in the appendix.  
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Figure 9—High water marks plotted by easting (approximately longitudinally) for the road overflow section.  Y axis is feet above mean sea level and X axis is Easting location in feet for the HWM. 


Figure 10—High water marks used to define the downstream and upstream water surface elevation (more explanation provided in scanned figures in appendix).  Y axis is elevation in feet above mean sea level and X axis Easting location in feet for the high water mark
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Figure 11—Determination of n values per the adjusted Cowan method.  
Computations Overview
Both contraction and road overflow computation methods were utilized for this indirect.  A number of spreadsheets were used to compute the indirect to reduce the data and carry out the computations.  These are found in the directory “Computation Files”.  Following is a list of the spreadsheets and their purpose.   

BoiseContraction_Consolidation_Holmes.xls--spreadsheet used to take the x,y,z survey data and layout and compute all aspects of the components necessary for the contraction computation
BoiseRoadOverflow_Consolidation_Holmes.xls--spreadsheet used to take the x,y,z survey data and layout and compute all aspects of the components necessary for the road overflow computation
BigThompson_contraction_computation_form193A.xlsx--spreadsheet used to record all aspects of the computationof the coefficient of discharge along with computation of the flow through the contraction
BigThompson_RoadOverflow_Computation.xls---spreadsheet used to compute the road overflow
BigT_Loveland_rating.xlsx--plotting existing rating curve 9 along with the indirect measurement to see how it plots
Crippen and Bue_checking_of_reasonableness_BigT_Loveland_Q.xls--Crippen and Bue Envelope curve and indirect measurementplotted to check to see how current Q ranks.

ADDITIONALLY a few additional digital files and subdirectories containing additional data and files used in the computational process are as follows:
Plan View Indirect_Large.pdf--scan of plan view plot that was used to determine all aspects of the survey, including stationing of approach, longitudinal stationing, angles of wingwalls, skew,etc.  
graphs_hand_comps_for_indirect.pdf---scan of the various plots, graphs, hand notes, etc used in the computation.  
Cross SEction Properties  -- directory contains teh WSPRO in and out data for cross section properties
GIS ---directory contains some GIS files I created in an attempt to analyze the work
Holmes_effort_process_M9_Contraction_Boise--directory contains the effort to reduce the M9 data at Boise Avenue contraction collected during the WJS survey prior to this being reduced by WJS later.  This Xsect was not used in the contraction computation because it was not parallel with contraction.


Coefficient of Discharge For Contraction
The coefficient of discharge for the contraction was determined using TWRI Book 3 A4.  The contraction is a type 1, skewed 24 ° to the plane of contraction ( road fill ) and has wingwalls with two different angles (ϴ = 34° and 59°) as indicated by the survey.  The skew of 24° slightly exceeds the conditions evaluated in the development of TWRI Book 3 A4 (see page 13 under sections titled “Abutments parallel to flow”), however the length of the abutments is short (31 feet) and both the analyst and reviewer feel the value of the flow computed from this method should be used without qualification.  C was computed for left and right and the composite value of C was weighted by the respective conveyances for the left side (Kb) and right side (Ka).  Composite value of C was determined to be 0.968.  The coefficient selection process followed to compute this C is listed in the appendix and the coefficients are listed in the contraction computation spreadsheet “BigThompson_contraction_computation_form193A.xlsx” .  

Discharge Coefficient For Road Overflow Highway Embankment Weir
The road overflow was over a paved road with a effective weir flow length in the direction of flow (L) equal to 23 feet.  A spreadsheet was used to discretize the flow over the roadway into subsections, with a unique coefficient assigned to each subsection.  For each subsection, the ratio of the static head (h) to L was less than 0.15, thus figure 23 in TWRI Book 3 A5 was used to determine the discharge coefficient.  Submergence was not an issue in any subsection as the ratio of the downstream static head above the weir crest (ht) to total upstream head above the weir crest (H) was less than 0.3.  The discharge coefficient for the road overflow ranged from 3.02 to 3.04.    These values are embedded in the spreadsheet “BigThompson_RoadOverflow_computation.xlsx” and shown in the appendix.    


Computations:  
Because of the road overflow accompanying the flow through the contraction, the methods as outlined on page 33 of TWRI Book3 A4 for Combination sites was followed. The first step was to compute the road overflow with an assumed total flow (assumed 20,000 ft3/s) using the entire approach cross section to determine the velocity of approach and thus the value of H.  This computation was carried out in the spreadsheet “BigThompson_RoadOveflow_Computation.xls” and yielded a first cut value of the road overflow of 6,880 ft3/s.  The next step would normally be to divide the approach cross section by the proportionate conveyance that would result in the proportions between the road overflow and the initial estimate of total flow.  However, because of the forensic field evidence as to the alignment of the flow vectors through the contraction, the separation and distance between the contraction and the road overflow, and the video evidence during the flood (see appendix),  the two flows were deemed independent and the total approach cross section was divided by the field survey into a non-linear multi-segmented approach cross section for the contraction defined (figure 4) separately from the approach cross section to the road overflow.    The flow over the road was computed using only that part of the total approach cross section that contributed to the flow over the road.  The computations are found in “BigThompson_RoadOverflow_computation.xlsx” and found to be 6,620 ft3/s.  

The next step was to compute the flow through the contraction, using only the part of the Approach section that is outlined in figure 4.  The spreadsheet “BigThompson_contraction_computation_form193A.xlsx” was used to perform this computation.  The minimum contraction area was determined to be that section parallel to the contraction on the downstream face of the bridge.  No submergence of the low chord was noted.  A discharge through the contraction was computed as 12,400  ft3/s.    

The total flow was estimated to be 19,000 ft3/s based on the addition of the computed flow through the contraction and that for the road overflow.  


Sensitivity Analysis:

No sensitivity analysis was conducted on this indirect given the complexity of a combination site (contraction and road overflow).  


Evaluation: 
Use 19,000 ft3/s and consider it “fair /poor” reliability (+/- 15 to 25%).  The indirect is considered fair to poor based on the presence of fair to poor high water marks, standard deviation of those marks ranging from 0.3 to 0.4 feet, and the presence of road overflow.  The road overflow computation is fair given the presence of fair high water marks, well documented extents of the road overflow (including paint marks on the pavement), and good downstream getaway conditions for the flow as evidenced by the fall.  In addition, high water mark surveys were made approximately 7.5 miles upstream in the vicinity of the Highway 34 bridge (site of a City of Loveland Early Warning ALERT station) after the flood by Ayres Associates. These HWM elevations were compared to a previous step-backwater analysis and reported to the City of Loveland in a memorandum on October 8, 2013.  Flows estimated based on the HWM and previous step-backwater study ranged from 17,000 to 25,000 ft3/s.  It is noted that high water marks found in slackwater areas (as noted in the report for HWM-9, HWM-19, HW RNDM, and GLADE HW-18) had flows ranging from 17,000 to 22,000 ft3/s.  See appendix for excerpts from Ayres Associates Memorandum

The indirect measurement is plotted on the existing rating 9 in figure 12.  Analysis of ground survey points in the vicinity of the gage in the left floodplain, reveal that an approximate value of the ground surface is 8.5 feet.  If one assumes the rating begins a gradual break-over around 8.5 feet gage height (consistent to when water begins to spill into the floodplain, thus dramatically increasing the conveyance for each incremental increase in stage), the indirect measurement would seem to fit well as an upper anchor to the rating curve.  


Figure 12.—Base Rating #9 with previous high-water measurements made along with the indirect measurement. Y axis is gage height in feet and X axis is the streamflow in cubic feet per second. 
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Previous computations:
None

Remarks:
Revision of the indirect was made by the analyst following review comments by Mark  Smith.  The original estimated peak streamflow was 18,500 ft3/s.  After revision, the new streamflow was raised to 19,000 ft3/s, a change of +2.6%.  Below are the review comments by Mark Smith and the response by the analyst (Robert Holmes).  In addition, Smith provided a track changes edit/comment version of the report summary.   That copy is preserved in the digital file with Holmes’ responses.  

Response to review comments of Mark Smith in memorandum of February 10, 2014 as numbered item, Holmes response in italics:
1. Per my comments in the measurement summary (see Comment SME2), type 4 (versus type 1) contraction conditions need to be confirmed based on elevation of approach water surface in relation to vertical / sloping parts of the upstream wingwalls.
Holmes Response:  I concur tht this is a Type 1 contraction and the coefficients of discharge have been recomputed accordingly.  The flow through the bridge increased from 11,700 ft3/s to 12,400 ft3/s.
2. Add a statement to the measurement summary to acknowledge the slightly non-standard bridge configuration (skew > 200 with abutments-parallel-to-flow) and its presumed insignificant effect on the computation. 
Holmes Response:  The statement has been added.
3. Per my comments in the measurement summary, plot the road-overflow approach cross section or document how / whether it is connected to the approach section for contraction.
Holmes Response:  A plot of the complete cross section (including approach to road overflow) has been added along with discussion of the disconnect/indepenence of the flow between that headed through the contraction and that over the road. 
4. Contracted opening: My only concern about steps used to compute flow at the bridge is verification of Type 4 contraction (versus Type 1), with regard to wingwall elevations / geometry.
Holmes Response:  I concur tht this is a Type 1 contraction and the coefficients of discharge have been recomputed accordingly.  The flow through the bridge increased from 11,700 ft3/s to 12,400 ft3/s.


5. Road overflow: Given the alignment of the flow vectors and the decision to fix the approach sub-areas for the contraction, might there be an argument to assume the two flow components essentially were independent – and therefore use only approach sub-area 3 (WSPRO) to drive the road-overflow component? I reworked the road-overflow spreadsheet under that assumption (A = 3,354; K = 294,878); a recheck of C values showed no change to the original C’s. The resulting road-overflow discharge was 6,620 cfs, 185 cfs less than the original computation (overall difference of about -1.0 percent for total discharge). I leave it to the analyst to decide if the alternative analysis has any merit (based on survey information and photographic evidence). I do suggest adding a statement to defend the decision either way.

Holmes Response:  I have recomputed the road overflow using only that part of the appraoch cross section that contributes to flow over the road.  This decreased the road overflow Q from 6,800 ft3/s to 6,620 ft3/s.  

6. The quality of the road-overflow computation (about 37 percent of the total flow) is not discussed explicitly. Because it is a fairly large part of the total flow, I suggest that some documentation be included in the summary to justify the overall measurement rating (which I believe is fair-to-poor?).
Holmes Response:  I have added a discussion of the quality of the road overflow computation.   
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Appendices
Big Thompson River at Boise Avenue at Loveland, Colorado
Excel Computation Sheets
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Contraction Computation Sheet from “BigThompson_contraction_computation_form193A.xlsx”
Summary—Big Thompson River at Boise Avenue at Loveland, Colorado 
Contraction and Road overflow  Computation	Page 1
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Road Overflow Computation Sheet from Excel File “BigThompson_RoadOverflow_Computation.xls”

Supporting Evidence for Fixed Determination of Proportion of Approach Between Contraction and Road Overflow
[image: ]
Image captured from aerial video collected by the City of Loveland.  This shows the definitive demarcation between the flows through the constriction and the flow over the road.  Further justifying the definitive locations of the boundary between that part of the approach attributable to the flow through the constriction and the flow over the road.  
N value determination for approach section to road overflow

[image: C:\holmes_files\Big Thompson Contracted Opening\picsComp\IMG_0166.JPG]
Photo IMG_0166  Looking US from road on extreme left edge of road overflow
[image: C:\holmes_files\Big Thompson Contracted Opening\picsComp\IMG_0168.JPG]
Photo IMG_0168 Looking US to the Southwest from road toward Centroid of flow.  Note the water body in the background is the large settling pond that is upstream of Boise Avenue shown in aerial photo.  

[image: C:\holmes_files\Big Thompson Contracted Opening\picsComp\IMG_0173.JPG]
Photo IMG_0173  From downstream of road overflow looking back upstream at the approximate centroid of the road overflow.
[image: C:\holmes_files\Big Thompson Contracted Opening\picsComp\IMG_0176.JPG]
Photo IMG_0176—looking toward North along road overflow section.  Vantage point is south of WWTP building.  Flow would be from left to right.
[image: C:\holmes_files\Big Thompson Contracted Opening\picsComp\IMG_0177.JPG]
Photo IMG_0177—Looking South along road overflow section. Vantage point is same as IMG_0176, but looking approximately 180 degrees different from IMG_0176.   Flow would be from right to left.  

Using Modified Cowan Method contained in Arcement and Schneider (1989, USGS Water Supply Paper 2339) for floodplain n value:

nb=  0.025 firm soil for straight channel/floodplain
n1=0.003  minor irregularities in floodplain
n2=0.00  no variation in flood-plain cross section
n3=0.002  obstructions occupy less than 5% of the flooplain
n4=0.003  for the most part, vegetation is  less than twice the depth of flow. 
m=1.0  although the main channel is highly sinuous (see aerial photograph), I believe this has little influence on the flow vectors across the floodplain.
n=(nb+n1+n2+n3+n4)m=(0.025+0.003+0+0.002+0.003)*1.0= 0.033
The value of n = 0.033 compares well with the values given in Chow (1959, Open Channel Hydraulics, pg 113) for floodplains composed of short grass pasture  (0.025 to 0.035).  

WSPRO Output to Determine Cross Section Properties
Output below was used for approach cross section to the contraction for water surface elevation 4913.8 feet.  Note, only subsection 1 and 2 used because subsection 3 is for the portion of the approach for the road overflow.  
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Output below was used for road overflow Cross Section with approach water surface elevation 4915.30 feet. 
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Output below was used for computation of contraction ratio “m”.
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Determination of Peak Gage Height
Elevations of high water marks near the gage (see aerial photograph and overlay below) were determined during the initial indirect survey for St. Louis Avenue.   The survey data near the gage are contained in the spreadsheet “StLouisBridgeEdit.xls”.   It is noted that each HWM was surveyed with both GPS and total station.  The total station data were used to determine the peak water surface elevation at the gage.  
From Points 166 and 167 (both fair marks), the average elevation on the right side 4921.70.  The left bank side had an average water surface elevation of 4921.01 based on points 169 and 171.   Given the gage is on the right bank and the reference gage is the what the rating would be drawn too, only the right side HWM were used to determine the peak gage height.  During the survey, RM-2 (gage datum 10.055) was surveyed to be at elevation of 4919.83, meaning that zero gage datum equals 4909.77.  It should be noted that this differs from the stated zero gage datum in the station description (4906 NGVD 1929).   Therefore, the peak water surface elevation of 4921.70 equals a gage height equal to 11.93 feet.  Although the USGS CO WSC may determine to revise their value of the zero gage datum, this indirect is not arguing to do that, simply that we have to use our surveyed datum to determine the gage height for the peak stage.    

[image: ]167/168--4921.70
Poor, Debris line in fence
166---4921.69
Fair, Debris line in fence
171---4920.92
Poor, debris line in trees
169/170--4921.10
Fair, debris line in fence


















Excerpt of Analysis by Ayres Associates
[image: ]
Table 1 taken from Ayres Associates Memorandum of October 8, 2013
[image: ]
Aerial photograph of Big Thompson in vicinity of HWY 34 bridge above Loveland near Glade Road.  Excerpted from Ayres Associates Memorandum to Kevin Gingery, City of Loveland on October 8, 2013.  Flows listed in red boxes were included in table from the memorandum

Hand Computations, Graphs, and other Data/Notes Used to Compute the Indirect
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Region 13 Envelope Curve	1	2	10	50	100	200	500	1000	5000	10000	5866.6927182362515	9826.5486942036041	29010.559799689068	70046.234807813249	95928.932138577889	126781.46342371011	174938.24232676227	216900.48260671081	334540.17548676638	395556.41530294204	Big Thompson at Loveland (Boise Avenue)	535	18400	Drainage Area (mi2)

Streamflow (ft3/s)
N values assigned to sections in field by WJS Survey Party
bridge	Easting	1625265.707	1625265.871	1625282.748	1625282.886	1625284.733	1625258.804	1625259.228	1625284.7	1625311.932	1625311.918	1625329.663	1625329.796	1625310.322	1625310.02	1625334.172	1625334.433	0	14666188.505000001	14666188.279999999	14666215.959000001	14666215.918	14666285.494000001	14666301.642999999	14666301.648	14666285.437999999	14666298.521	14666298.486	14666324.971000001	14666324.766000001	14666228.232999999	14666227.790999999	14666220.456	14666220.465	HWMs	1625263.4240000001	1625263.0589999999	1625263.493	1625255.8640000001	1625254.0619999999	1625356.108	1625393.219	1625409.8740000001	1625268.0519999999	1625266.9639999999	1625271.8529999999	1625273.9339999999	1625226.433	1625228.0649999999	1625135.621	1625074.362	1625331.8160000001	1625330.004	1625327.202	1625353.121	1625367.69	14666147.365	14666132.155999999	14666121.290999999	14666087.173	14666068.452	14666189.591	14666202.863	14666219.182	14666306.829	14666321.015000001	14666344.319	14666352.497	14666295.620999999	14666291.613	14666261.949999999	14666221.294	14666339.422	14666345.184	14666360.568	14666414.919	14666427.545	WJS Survey Approach Points	1624993.274	1625013.7169999999	1625181.8670000001	1625182.3559999999	1625145.7849999999	1625101.12	1625106.027	1625115.618	1625122.3670000001	1625128.2439999999	1625129.547	1625131.325	1625132.3489999999	1625134.2080000001	1625136.885	1625141.513	1625147.9620000001	1625152.6880000001	1625153.7209999999	1625154.6129999999	1625161.061	1625162.091	1625162.0719999999	1625164.1610000001	1625166.1270000001	1625165.2109999999	1625171.621	1625180.0719999999	1625186.753	1625197.2339999999	1625208.567	1625214.6340000001	1625219.797	1625221.1059999999	1625233.794	1625240.4779999999	1625248.8829999999	1625256.7350000001	1625263.41	1625273.7660000001	1625278.9709999999	14667209.648	14667168.140000001	14666424.554	14666331.634	14666294.528999999	14666249.468	14666244.716	14666231.696	14666219.247	14666210.503	14666208.449999999	14666206.671	14666204.486	14666201.204	14666194.788000001	14666186.454	14666180.971999999	14666176.155999999	14666174.346999999	14666172.863	14666167.585999999	14666165.620999999	14666164.346000001	14666162.257999999	14666161.113	14666159.016000001	14666152.479	14666145.204	14666137.753	14666137.611	14666134.708000001	14666130.715	14666127.15	14666125.561000001	14666123.060000001	14666122.134	14666117.471999999	14666114.085999999	14666109.207	14666103.427999999	14666103.677999999	Flow Vector	1625235	1625250	14666100	14666190	flow vector	1625120	1625200	14666170	14666220	Flow Vector	1625085	1625170	14666220	14666255	Flow Vector	1625220	1625240	14666350	14666310	Flow Vector	1625140	1625200	14666350	14666310	Flow Vector	1625320	1625400	14666270	14666310	USbridge	1625265.871	1625282.7479999999	1625284.7	1625258.804	14666188.279999999	14666215.959000001	14666285.437999999	14666301.642999999	DSbridge	1625334.172	1625310.02	1625311.9180000001	1625329.6629999999	14666220.456	14666227.790999999	14666298.486	14666324.971000001	road	1625286	1625286	1625309	1625309	14666500	14666000	14666000	14666500	Left Edge Main Channel	1625162.0719999999	14666164.346000001	Right Edge Main Channel	1625219.797	14666127.15	Selected Approach XSECT	1625286	1625168	1625090	1625090	1625286	14666417	14666417	14666359	14666246	14666065	X1	1625225	14666425	X2	1625120	14666410	X3	1625075	14666310	X4	1625125	14666125	Contraction Cross Section	1625311.9180000001	1625310.02	14666298.486	14666227.790999999	MES Survey Approach Data Points	1625098.9290000002	1625096.9300000002	1625095.5860000001	1625094.3160000001	1625092.3890000002	1625092.2860000001	1625091.0220000001	1625090.1	1625088.6190000002	1625083.6170000001	1625181.889	1625203.3	1625221.8859999999	1625236.9850000001	1625260.37	1625267.794	1625270.439	1625271.4040000001	1625272.665	1625273.486	1625275.804	1625278.622	1625281.206	1625284.152	14666259.242999999	14666270.265000001	14666284.358999999	14666294.414999999	14666310.640000001	14666332.634	14666345.310000001	14666358.752	14666374.013	14666393.154999999	14666420.034	14666421.335000001	14666420.280999999	14666418.801000001	14666419.694	14666419.227	14666418.777000001	14666418.700999999	14666418.716	14666418.870999999	14666418.699999999	14666418.280999999	14666418.365	14666418.783	



Approach Cross Section to Contraction
Ground Points	0	2.9	5.5	8.3000000000000007	10.7	11.5	12.7	13.7	16.399999999999999	23.8	47.2	62.3	80.900000000000006	102.3	118	134.9	167	211	214.2	227.6	240.3	262.3	278.5	288.60000000000002	302.7	313.7	325.10000000000002	327.2	336.7	353.9	366.7	376.9	380	382	384.5	388	397.2	403	412.2	414.5	418.9	421.4	423	431	433.2	434.5	437.1	439	440.6	449.5	460.9	471.8	477.8	485.4	487.7	495.3	501.1	503.6	514.4	525.29999999999995	536.1	547.6	558.4	571.79999999999995	579.70000000000005	4918.1000000000004	4916.7	4914.8999999999996	4912.6000000000004	4911.1000000000004	4910.1000000000004	4910	4910.5	4910.8999999999996	4911.5	4911.5	4911.5	4911.5	4911.3	4910.8999999999996	4910.8999999999996	4910.8999999999996	4910.8999999999996	4911.5	4911.5	4911.5	4912	4912	4911.8999999999996	4911.8	4911.8	4910.8999999999996	4911.3	4906.5	4903.1000000000004	4902.2	4903.3	4903.3	4901.3999999999996	4901	4899.7	4900	4900.5	4901.6000000000004	4901.7	4902	4900.2	4900	4900.2	4898.5	4897.7	4898.6000000000004	4897.6000000000004	4900.7	4895.1000000000004	4896.8999999999996	4897.8	4898.3999999999996	4898.1000000000004	4898	4896.7	4897	4901.6000000000004	4903.3	4905.2	4907.7	4910.1000000000004	4913.8999999999996	4916.1000000000004	4916.8	Subdivision Break Point	
327.2	327.2	4911.3	4918	



Contraction Xsect
Contraction surveyed by MES	0	0	0	2.98E-3	6.9100000000000003E-3	1.2869999999999999E-2	1.5299999999999999E-2	2.8170000000000001E-2	3.4139999999999997E-2	3.9550000000000002E-2	4.5519999999999998E-2	4.999E-2	5.203E-2	6.8669999999999995E-2	7.5730000000000006E-2	7.7219999999999997E-2	8.8050000000000003E-2	0.10838	0.11136	0.11434	0.12814999999999999	0.15240000000000001	0.17069000000000001	0.17665	0.1845	0.2177	0.26375999999999999	0.32294	0.87087000000000003	1.6591	2.5902400000000001	3.6583199999999998	4.9206399999999997	6.16655	7.3291300000000001	8.5755300000000005	9.4021500000000007	9.6074400000000004	9.6856000000000009	9.8002000000000002	9.8694000000000006	9.9368200000000009	9.9380000000000006	9.9427099999999999	10.069599999999999	10.76193	11.66976	12.688639999999999	13.56461	14.30866	15.010730000000001	15.63031	16.225639999999999	16.942460000000001	17.626639999999998	18.35727	19.128399999999999	20.026579999999999	20.93018	21.268660000000001	21.78473	22.721679999999999	23.76089	24.524319999999999	25.250640000000001	25.77291	26.162479999999999	26.774760000000001	27.328499999999998	27.801100000000002	28.419499999999999	29.007919999999999	29.664079999999998	30.64396	31.61881	32.435220000000001	33.464689999999997	34.237220000000001	35.013440000000003	35.98319	36.996650000000002	37.869250000000001	38.886249999999997	39.929839999999999	40.715000000000003	41.535249999999998	42.50947	43.661920000000002	45.198520000000002	46.807870000000001	48.40748	50.010629999999999	51.626240000000003	53.116300000000003	54.521830000000001	55.866549999999997	57.21181	58.6248	60.015419999999999	61.360529999999997	62.664589999999997	63.946440000000003	65.168030000000002	66.409930000000003	67.669179999999997	69.006050000000002	69.486639999999994	69.615740000000002	69.775989999999993	69.944640000000007	70.124669999999995	70.259879999999995	70.440849999999998	70.522300000000001	70.726420000000005	70.881410000000002	70.901740000000004	70.900000000000006	70.900000000000006	4921.25	4898.24	4894.2788999999993	4894.2540300000001	4894.2540300000001	4894.2617	4894.2116399999995	4894.2438599999996	4894.2540300000001	4894.2540300000001	4894.2290299999995	4894.2287799999995	4894.2691500000001	4894.2538299999997	4894.2364699999998	4894.22894	4894.2540300000001	4894.2287799999995	4894.2317299999995	4894.2793199999996	4894.2540300000001	4894.2716799999998	4894.2215200000001	4894.2317299999995	4894.2464099999997	4894.2317299999995	4894.22894	4894.2317299999995	4894.2543699999997	4894.2935200000002	4894.3006299999997	4894.3727899999994	4894.4153200000001	4894.4225900000001	4894.4225500000002	4894.45039	4894.5081	4894.5634199999995	4894.6034499999996	4894.5568699999994	4894.6030300000002	4894.6389399999998	4894.63688	4894.5743899999998	4894.5887199999997	4894.6121800000001	4894.7520299999996	4894.8528200000001	4895.0791199999994	4895.1784200000002	4895.2527899999995	4895.2678699999997	4895.3331799999996	4895.3838599999999	4895.4478099999997	4895.4875700000002	4895.5227399999994	4895.5125799999996	4895.5376099999994	4895.5377899999994	4895.5400399999999	4895.5551599999999	4895.6127099999994	4895.6250300000002	4895.6025199999995	4895.6250300000002	4895.6603799999993	4895.6601899999996	4895.6775799999996	4895.6950299999999	4895.6851099999994	4895.6453499999998	4895.6351100000002	4895.6780399999998	4895.6526100000001	4895.6527500000002	4895.7351699999999	4895.7425800000001	4895.7100599999994	4895.7180399999997	4895.7527599999994	4895.8025200000002	4895.8759300000002	4895.9889499999999	4895.9983599999996	4895.9056700000001	4895.9560499999998	4896.0453499999994	4896.1026000000002	4896.1152899999997	4896.1131799999994	4896.1308300000001	4896.1629199999998	4896.1537600000001	4896.1639599999999	4896.2113599999993	4896.2713299999996	4896.31203	4896.3875399999997	4896.4671099999996	4896.5573100000001	4896.6465899999994	4896.7362899999998	4896.8410599999997	4896.9111199999998	4896.9403699999993	4896.7113899999995	4896.6891699999996	4896.67364	4896.6562299999996	4896.6217999999999	4896.8206700000001	4896.5898999999999	4896.7040999999999	4896.57384	4896.6538999999993	4896.59177	4898.24	4921.25	WS Elevation at Contraction	0	70.900000000000006	4911.8999999999996	4911.8999999999996	



Elevation Detail for US Wingwall on Bridge
US L WW	0	0	32	32	4895.4189999999999	4915.7449999999999	4921.4769999999999	4904.5309999999999	US R WW	0	0	32	32	4902.8029999999999	4914.2749999999996	4920.9809999999998	4893.4210000000003	WS Elevation of Approach	-5	36	4913.8	4913.8	



Upstream HWM	14665962.363	14665952.544	14665865.308	14665840.151000001	14665648.979	14665575.99	14665463.364	14665426.918	14665412.022	14665371.706	14664875.677999999	14664781.307	14664776.916999999	14664771.379000001	4914.9359999999997	4914.6469999999999	4915.2849999999999	4914.3779999999997	4914.5129999999999	4915.1400000000003	4914.4570000000003	4915.6490000000003	4915.527	4915.49	4915.4889999999996	4915.1719999999996	4914.8360000000002	4914.5630000000001	Downstream HWM	14665908.914999999	14665884.122	14665807.556	14665783.066	14665694.914000001	14665644.819	14665534.653999999	14665461.897	14665361.981000001	14665256.869000001	14665090.567	14665023.289999999	14664975.899	14664880.788000001	14664830.865	4913.9920000000002	4914.7809999999999	4912.3959999999997	4912.777	4906.2640000000001	4906.87	4912.2849999999999	4907.9830000000002	4909.0749999999998	4909.0649999999996	4913.5619999999999	4913.8019999999997	4913.8850000000002	4913.2640000000001	4912.8389999999999	US Water Surface Elevation	14665000	14666000	4915.3	4915.3	DS Water Surface Elevation	14665000	14666000	4913.2	4913.2	
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