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Attendees:    Curtis Bish, City of Aurora – PROS 
  Craig Perl,   City of Aurora – Public Works 
  Katie Thompson, City of Aurora 
  Jon Villines, City of Aurora – Water  
  Andrew Pihaly, City of Commerce City 
  Jeremy Hamer, City of Denver – Floodplain  
  David Morrisey, City of Denver – Floodplain  
  Sam Pavone, City of Denver – Wastewater CPM 
  Morgan Lynch, Urban Drainage and Flood Control District 
  Shea Thomas, Urban Drainage and Flood Control District  
  Craig Jacobson,  ICON Engineering 
  Jeremy Deischer,  ICON Engineering 

 

The purpose for this meeting was to address prior questions and comments on the draft 
hydrology report submission, to present subsequent hydrology evaluations completed by ICON 
and the UDFCD following the previous meeting, and to obtain feedback from project sponsors 
on the updated hydrology results.   

 

Revised Basin Imperviousness 

 ICON reviewed the different zoning classifications in the study area for each jurisdiction.  
Each zoning classification was grouped into a land use category within the Urban Storm 
Drainage Criteria Manual.  The percent impervious values for each land use 
classification were adjusted to correlate better with the previous studies for each 
jurisdiction.  In the City of Denver and Commerce City, the future percent impervious 
values were carried forward from the City and County of Denver Storm Drainage Master 
Plan.  Values from the Original Aurora study were used within the City of Aurora.  Values 
from these studies were generally higher for residential zoning increasing the average 
future basin imperviousness for the watershed by approximately 12 percent. 

 The basis to determine existing impervious values for City of Aurora and City of Denver 
subwatersheds was revised from using National Land Cover Dataset (NLCD) to GIS 
planimetric shapefiles.  The NLCD will still be used for subwatersheds within Commerce 
City.  The planimetric data increased the existing imperviousness for some 
subwatersheds but also decreased some subwatersheds compared to the NLCD. 
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Existing 

(NLCD)

Future 

(USDCM % 

Impervious)

Existing 

(Commerce City ‐ NLCD, Aurora and 

Denver ‐ Planimetric GIS Data)

Future 

(Commerce City / Denver ‐ Denver 

MP, Aurora ‐ Original Aurora)

B010 61 76 61 94

B020 64 76 61 93

B025 42 50 49 60

B030 53 56 44 67

B035 61 65 52 78

B040 59 76 51 79

B050 40 42 41 54

B060 37 46 35 61

B070 28 43 24 53

Draft Hydrology Report Revised Basin Imperviousness

Basin Name

Comparison of Watershed Percent Impervious Values

 

Rainfall Point Precipitation Distribution and Isopluvials 

 ICON explained the approach taken to determine how spatially varied the design rainfall 
was throughout the watershed.  The NOAA 14 isopluvials were first examined to see the 
spatial variation of rainfall. For both the 1-hour and 6-hour design storm the watershed 
generally fell within one NOAA 14 isopluvial zone.  Using the NOAA 14 Point 
Precipitation Server 1-hour, and 6-hour values were obtained for the mouth, the centroid, 
and the headwaters of the Sand Creek Basin.  The 1-hour and 6-hour rainfall value for 
each existing study was also obtained to determine the spatial variation throughout the 
watershed.  The point precipitation used at the centroid of Sand Creek for the draft 
baseline hydrology, 2.44 inches and 3.69 inches respectively, were higher than all but 
one other location.  The Murphy Creek NOAA 14 1-hr, and 6-hour rainfall depths were 
0.02 inches and 0.01 inches higher, respectively.  The 1-hr and 6-hr rainfall point 
precipitation values at the centroid of Sand Creek will be carried forward and rainfall will 
not be spatially varied for each study. 

 

Summary of Model Approach 

 Following the previous progress meeting, ICON prepared a memo detailing each step of 
the conversion process for Toll Gate Creek.  The table summarizing the peak flow 
results for each step was presented to the group.  The Toll Gate Creek study was 
comprised of three studies, Upper East Toll Gate Creek, West Toll Gate Creek, and East 
Toll Gate Creek and Lower Toll Gate Creek.  Scenario 0, 10, and 20 represented the 
analysis of the original existing study.  Scenario 1, 11, and 21 converted the studies to 
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CUHP v.2.0 maintaining the NOAA Atlas 2 rainfall values.  All basin calibration factors 
used in previous studies were not carried forward in the conversion process.  Converting 
the studies to CUHP v.2.0 reduced the peak discharge an average of eight percent for 
the three studies.  

 Scenario 2, 12, and 22 incorporated NOAA Atlas 14 point precipitation values but 
maintained the rainfall distributions used in the existing studies.  The rainfall conversion 
reduced the peak discharges an average of 11 percent from the prior Scenario’s (1, 11, 
and 21) and an average of 18 percent from the existing studies peak discharge. 

 Scenario 3, 13, and 23 used a 6-hr rainfall distribution for each study with a depth area 
reduction factor for the 180 square mile watershed.  Converting the rainfall to a 6-hour 
rainfall distribution reduced the peak discharges an average of 27 percent from 
Scenario’s 2, 12, and 22.  The conversion process from the existing studies to  CUHP 
v.2.0 and a 6-hour NOAA 14 rainfall distribution reduced the peak flow an average of 41 
percent for the Toll Gate Creek Watershed. 

 It was noted that Scenario’s 20-23 used inflow hydrographs from the upstream studies 
so the reduction in peak discharge was not solely from the conversion of the East Toll 
Gate Creek and Lower Toll Gate Creek study.  

 Craig noted the depth area reduction factors had been revised as part of the CUHP v.2.0 
re-calibration process. 

Peer Review 

 Morgan informed the team that following the prior meeting, she had met with Kevin 
Stewart of UDFCD regarding the stream gage information, Andrew Earles of Wright 
Water Engineers on the PeakFQ Analysis of Sand Creek that was done as part of the 
South Platte River Hydrology CLOMR, and Gerald Blackler of Enginuity Engineering 
Solutions who was involved in the recalibration effort of CUHP v.2.0.  The memo 
summarizing the findings of the peer review can be found in the attached memo. 

o Morgan spoke to Kevin Stewart about the validity of the stream gage near the 
mouth of Sand Creek and historic stream gage records to validate the double 
peak seen in the rainfall-runoff model.  Morgan informed the team that 
continuous stream gage records were not available for this gage.  Even though 
Sand Creek is a dynamic sand bed system that may impact the accuracy of 
stream gage readings it was agreed that the stream gage is the best available 
information and should be included in the analysis.  Morgan presented to the 
group peak flow results from the 1965 flood event.  Upstream of the confluence 
of Sand Creek and Toll Gate Creek a peak flow of 17,000 cfs was recorded on 
Toll Gate Creek at 6th Avenue, with a peak flow of 13,400 cfs on Sand Creek at 
Sable Blvd.  The peak flow downstream of the confluence was recorded at 
18,900 providing evidence that the peaks of the two drainageways did not 
coincide.  

o Morgan discussed the PeakFQ analysis that Wright Water Engineers did on the 
Sand Creek stream gage with Andrew Earles.  The analysis used 19 years of 
stream gage records from 1993 – 2013.  The PeakFQ estimated the 100-year 
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discharge on Sand Creek near the mouth to be 20,080 cfs with a 95% confidence 
interval ranging from 11,960 – 48,090 cfs.  

Gerald Blacker was consulted on the whether CUHP v.2.0 was appropriate to use to develop a 
rainfall-runoff model for a watershed this large.  Four different scenarios were compared at 
Colfax Avenue to examine the total 100-year peak flow and unit discharges for each scenario.  
The four scenarios were: CUHP 1.3.1 with SWMM 5, CUHP 2.0.0 with SWMM 5, USGS Stream 
Stats, and CUHP 2.0.0 using a historic two percent imperviousness.  Based on the findings of 
his analysis it was determined CUHP v.2.0 was appropriate to use for a rainfall-runoff model for 
the Sand Creek study. 

Rainfall Distribution for Lower Watersheds 

 ICON described two additional scenarios to determine the impact of using the 6-hour 
rainfall distribution on the lower subwatersheds.  The first scenario used a 2-hour rainfall 
distribution on the lower 10 square miles of tributary watersheds.  Modifying the rainfall 
distribution to a 2-hour storm removes any depth area reduction factors that would be 
applied to a 6-hour storm distribution.  This adjustment increased the peak flow of the 
downstream watershed but led to an overall decrease peak flow at the mouth of Sand 
Creek.  

 The second rainfall scenario used a 2-hour rainfall distribution for all subwatersheds 
created as part of the Sand Creek MDP and FHAD, approximately 16.8 square miles.  
This scenario shortened the time to peak of the lower watersheds, further reducing the 
peak flow at the mouth of Sand Creek.  

Hydrograph Timing and Sensitivity Analysis 

 Craig Jacobson explained the six hydrologic scenarios to determine the impact on the 
100-year future conditions peak flow.  Revising the impervious values (Scenario 2) 
increased the peak flow from 17,168 cfs to 17,243 cfs.  Scenario 3 adjusted the rainfall 
of the lower 10 square mile watersheds to a 2-hour rainfall distribution.  The 2-hr rainfall 
distribution for the lower watershed reduced the 100-year peak flow to 17,058 cfs.  
Scenario 4 adjusted all of the watersheds created by ICON (~16.8 sq. mi) to a 2-hour 
rainfall distribution further reducing the 100-year peak flow to 16,666 cfs.  In Scenario 5 
the timing of Toll Gate Creek was delayed 4 hours for the peaks on Toll Gate Creek and 
Sand Creek to coincide increasing the peak discharge to 23,563 cfs.  Scenario 6 
delayed the lower watersheds 6-hours to model if the peaks of the lower watersheds 
coincided with the Scenario 5 peak.  Scenario 6’s peak flow rate increased to 29,786 cfs 
extremely similar to the FIS discharge of 30,500 cfs. 

 The team discussed the possibility of Scenario 5 occurring with the peak of the Toll Gate 
Creek hydrograph coinciding with the Sand Creek peak flow.  The resulting peak flow in 
Scenario 5 of 23,563 cfs aligned closer to the PeakFQ analysis and was more centered 
within the 95% confidence intervals than the draft baseline hydrology.   

 The team discussed the flood history section in the draft baseline report detailing the 
recorded peak flows of prior flood events along Sand Creek.  A peak discharge of 
25,000 cfs was estimated during the 1957 flood event near Stapleton International 
Airport.  In the 1965 flood event Sand Creek was estimated to have a peak discharge of 
18,900 cfs.  The stream gage near the moth recorded a peak discharge of 14,900 cfs 
during the 2013 flood event, the largest discharge in the PeakFQ analysis. 
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 Jeremy Hamer noted that the Scenario 5 discharge was also more justifiable from the 
floods of record.  The peak discharge presented in the draft baseline hydrology had 
been very close to or exceeded several times in the known flood history of Sand Creek.   

 The team suggested that in reviewing all of the data, the hydrology approach presented 
with Scenario 5 appeared the most reasonable, as this data appeared best validated by 
the stream gage analysis results and documented historic flow data.  In addition the 
increase in the recommended flow (23,563 cfs) versus the PeakFQ findings of 20,080 
cfs could be supported by the future land use assumptions used in the CUHP modeling.   

 In general, the group appeared more comfortable with the results and with the additional 
data presented.  

 Jeremy Hamer noted that this additional analysis along with more detailed 
documentation of the process used to prepare the baseline hydrology provides support 
for and helps validate the results and should be included in the report.  He requested to 
look into the material further before making any final decisions on the hydrology 
approach.  ICON will provide the sponsors the hydrologic models to review before 
moving forward. 

 David Morrisey commented on the significant reduction in peak discharge after 
incorporating the depth area reduction factor. Shea explained the reduction in discharge 
was to be expected as storm centers are not the size of a watershed this large, 
necessitating the reduction in rainfall point precipitation.  David said using the PeakFQ 
analysis to validate the rainfall-runoff model made him more comfortable with the 
hydrologic results.  

 Morgan asked for all comments by January 10th. 

Triple Creek Trail 

 Katie Thompson asked the team when the hydrology would be finalized and be ready for 
use in the Triple Creek Trail project located just upstream of Colfax Avenue.  As 
discussed in the previous meeting, Muller Engineering has identified a spill of the 100-
year discharge overtopping Colfax Avenue not identified in the effective information.  
This newly identified spill location complicates the floodplain / floodway tie-in.  Morgan 
mentioned that due to the difference in flows between the old and new study, the 
hydrology would need to be reconciled to make a smooth transition.  She will discuss 
this further with Terri Fead at the District for recommendations. For now both Morgan 
and Craig anticipated that the upstream discharge at Piccadilly (~16,000cfs) could be 
extrapolated until increasing at the Toll Gate Creek confluence; but this will be reviewed 
further.  It was noted that the baseline hydrology is behind schedule as a result of the 
MDP / FHAD not getting started as early as originally planned.  Denver recognized the 
benefit of having revised hydrology for the Triple Creek Trailhead CLOMR, but warned 
against allowing the MDP / FHAD process to be rushed by the Triple Creek Trail 
CLOMR schedule.  Use of the hydrology developed for the MDP / FHAD may be used in 
the Triple Creek Trail CLOMR once it’s accepted by all parties. 

 It was suggested that Katie coordinate with Muller to determine the overtopping 
discharge at Colfax and how that may relate to the final hydrology determination for the 
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area.  Morgan also offered to be involved in any discussion with Muller to help determine 
the best approach for moving forward with the CLOMR to meet the City’s timeline.   

 ICON was not under scope yet for the FHAD, as the group was waiting for the 
completion of the hydrology; however ICON will be beginning that effort soon and may 
be able to provide updated cross-section information for the City in the Triple Creek Trail 
area ahead of the other FHAD locations.   

 ICON requested any information that the City had from Muller to keep these work 
products consistent.   
 

Other 

Jon Villines asked about the scope of any potential floodplain changes to other drainageways 
with the reduced discharges, specifically Toll Gate Creek.  Jon informed the group the City of 
Aurora has ongoing projects to mitigate the floodplain based on the existing study discharges 
and floodplain delineation.  Shea stated the scope of this study is to only study the floodplain of 
Sand Creek. 

Action Items: 

1. ICON will provide the team the hydrologic models of the 6 scenarios to review. 
2. The team will provide comments to Morgan by January 10th. 

3. Aurora will provide ICON the cross sections developed by Muller Engineering just 
upstream of Colfax Avenue to include in the FHAD development 

 
- END OF MEETING-- 

 
To the best of my knowledge, these minutes are a factual account of the business conducted, 
the discussions that took place, and the decisions that were reached at the subject meeting.  
Please direct any exceptions to these minutes in writing to the undersigned within ten (10) days 
of the issue date appearing herein.  Failure to do so will constitute acceptance of these minutes 
as statements of fact in which you concur. 

 

Minutes prepared by:    
    
    Jeremy Deischer, P.E.   Revised: 

ICON Engineering, Inc.   January 3, 2018 
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M E M O R A N D U M 

 

 

 

TO: ICON Engineering  

 

FROM: Morgan Lynch 

 

SUBJECT:   Sand Creek Gage Information and CUHP Validation  

 

DATE: December 5, 2017 

 

 

The purpose of this technical memorandum for the Sand Creek Downstream of Colfax Flood 

Hazard Delineation (FHAD) and Major Drainageway Plan (MDP) (Study) is to document the 

previous storm event data available at the USGS Gage Site, Sand Creek at Mouth near Commerce 

City (USGS 394839104570300) and Sand Creek Above Burlington Ditch near Commerce City 

(USGS 06714360).  In addition to the gage data, this memorandum documents the anticipated 

impact of preparing rainfall-runoff models with UDFCD CUHP Version 2.0.0 (UDFCD, 2016). 

Stream Gage Analysis 
 

The two USGS gages located along Sand Creek have had continuous annual records.  The gage 

located at the mouth of Sand Creek, near the confluence with the South Platte River, has a gage 

record of 25 years, including a recorded peak flow estimate of 14,900 cfs in September 2013.  The 

USGS gage upstream of the Burlington Ditch has a shorter period of record of 4 years and has not 

been included in recent statistical analyses.  Wright Water Engineers, Inc. preformed a flood 

frequency analysis to support the South Platte River CLOMR (2011) using 19 years of record 

available at the time from the gage at the mouth. That analysis followed the methods described in 

the document Guidelines for Determining Flood Flow Frequency published by USGS, commonly 

known as Bulletin 17.  The results estimated 20,000 cfs for the 100-year recurrence interval.  The 

results of the frequency analysis are provided as an attachment to this memorandum. 

 

The location of the Sand Creek gage at the mouth may result in some inconsistencies in the gage 

data.  The gage is located near the confluence with the South Platte River and may be influenced 

by the tailwater condition from the South Platte River.  In addition, Sand Creek is a sand bottom 

channel which presents challenges when determining the stage during flow events due to the 

dynamic nature of the system.  Due to the physical conditions surrounding the gage, it would be 

appropriate to assume a rainfall- runoff model would result in flow rates that fall within the lower 

confidence limits of the flood frequency analysis for the USGS gage. 
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Colorado Unit Hydrograph Procedure (CUHP) 
 

UDFCD recently completed a revision to the proprietary rainfall-runoff software, CUHP.  The 

previous version of CUHP (Version 1.3.1) was upgraded to Version 2.0.0 in 2016.  This version 

included a re-calibration study that modified the underlying Unit Hydrograph shaping parameters.  

The re-calibration effort was based on numerous historical gage records located in the UDFCD 

Boundary.  In addition, a policy change was made to utilize point rainfall data as documented in 

NOAA Atlas 14, Volume 8 (2013).  The re-calibration did not adjust routing from Kinematic to 

Dynamic Wave, instead these dampening effects were accounted for in Version 2.0.0 through 

modification of peaking and timing parameters to better represent runoff reflected in gage records.  

As such, the larger and longer a watershed, the more these changes will compound.  This may 

result in a larger reduction along the main stem of Sand Creek than what has been determined in 

the tributary areas.  (Blackler, 2017) 

 

To validate the lower results for the 100-year storm event along Sand Creek, a comparison analysis 

was completed along Sand Creek at Colfax Avenue.  This location was chosen because a 

hydrologic update for the upper watershed to this point was recently completed and a complete, 

approved model was available. The following items were used for comparison: 

 

1. Compare CUHP Version 1.3.1 to Version 2.0.0  

2. Estimate Peak Flows at a USGS Gage on Sand Creek using Bulletin 17B methods. 

3. Estimate Peak Flows for the Foothill Regions under USGS Stream Stats 

4. Develop a Historic CUHP Version 2.0.0 Model to Compare to (3) above. 

 

The results of this comparison are summarized in Table 1 below.  Based on these comparisons, it 

is appropriate to assume CUHP 2.0.0 is an appropriate rainfall-runoff model for this size of 

hydrologic study. 

 
TABLE 1 

Comparison of Model Discharges along Sand Creek at Colfax Avenue 

Method Area 
100 Yr Peak Flow 

(cfs) 

Unit Discharge (cfs/sq 

mi) 

CUHP 1.3.1 and SWMM 5 (Matrix, 2013) 92 19,245 210 

CUHP 2.0.0 and SWMM 5 92 15,000 164 

Bulletin 17B (WWE, 2011) * 187 20,000 107 

USGS Stream Stats - Sand Creek at Colfax  105 8,450 80 

CUHP 2.0.0 and SWMM 5 ** 92 8,733 95 

* At Sand Creek at Mouth (USGS) 

** (Historic 2% Imp) This is to compare with Foothills Region Stream Stats above 

 

   

 

 

 

https://nwis.waterdata.usgs.gov/co/nwis/peak/?site_no=394839104570300&agency_cd=USGS&amp


Sand Creek at Mouth near Commerce City, CO 
USGS 394839104570300 



PEAKFQ PEAK FLOW DATA.PRT
1
  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.002.000
  Version 7.1         Annual peak flow frequency analysis      Run Date / Time
  3/14/2014                                                    07/14/2015 12:00

                         --- PROCESSING OPTIONS ---  

                      Plot option         = None              
                      Basin char output   = None          
                      Print option        = Yes
                      Debug print         = No 
                      Input peaks listing = Long 
                      Input peaks format  = WATSTORE peak file  

                      Input files used:
                         peaks (ascii)  - C:\Users\stillack\Desktop\Test\PEAKFQ PEAK
FLOW DATA.TXT                        
                         specifications - 
C:\Users\stillack\Desktop\Test\PKFQWPSF.TMP                                     
                      Output file(s): 
                         main - C:\Users\stillack\Desktop\Test\PEAKFQ PEAK FLOW 
DATA.PRT                        
  
1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.001
  Version 7.1         Annual peak flow frequency analysis      Run Date / Time
  3/14/2014                                                    07/14/2015 12:00
  
       Station - 394839104570300  SAND CREEK AT MOUTH NR COMMERCE CITY,CO       

                     I N P U T   D A T A   S U M M A R Y

                Number of peaks in record            =       19
                Peaks not used in analysis           =        0
                Systematic peaks in analysis         =       19
                Historic peaks in analysis           =        0
                Beginning Year                       =     1993
                Ending Year                          =     2013
                Historical Period Length             =        0
                Generalized skew                     =   -0.126
                     Standard error                  =    0.550
                     Mean Square error               =    0.303
                Skew option                          = STATION SKEW
                Gage base discharge                  =      0.0
                User supplied high outlier threshold =   --           
                User supplied PILF (LO) criterion    =   --           
                Plotting position parameter          =     0.00
                Type of analysis                       BULL.17B
                PILF (LO) Test Method                      GBT 
                Perception Thresholds            =   Not Applicable
                Interval Data                    =   Not Applicable

  *********  NOTICE  --  Preliminary machine computations.        *********     
  *********  User responsible for assessment and interpretation.  *********     

    WCF134I-NO SYSTEMATIC PEAKS WERE BELOW GAGE BASE.                   0.0
    WCF162I-SYSTEMATIC PEAKS EXCEEDED HIGH-OUTLIER CRITERION.   1   10507.1
    WCF195I-NO LOW OUTLIERS WERE DETECTED BELOW CRITERION.            486.8
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PEAKFQ PEAK FLOW DATA.PRT
   *WCF151I-17B WEIGHTED SKEW REPLACED BY USER OPTION.     0.424     1.545  -1

                                        Kendall's Tau Parameters

                                                        MEDIAN   No. of
                                       TAU    P-VALUE    SLOPE   PEAKS
                                ---------------------------------------
             SYSTEMATIC RECORD      0.345      0.042     80.000    19

1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.002
  Version 7.1         Annual peak flow frequency analysis      Run Date / Time
  3/14/2014                                                    07/14/2015 12:00
  
       Station - 394839104570300  SAND CREEK AT MOUTH NR COMMERCE CITY,CO       

           ANNUAL FREQUENCY CURVE PARAMETERS -- LOG-PEARSON TYPE III 

                        FLOOD BASE                   LOGARITHMIC         
                  ----------------------  -------------------------------
                             EXCEEDANCE                STANDARD          
                   DISCHARGE PROBABILITY     MEAN     DEVIATION     SKEW 
                  -------------------------------------------------------
 SYSTEMATIC RECORD       0.0     1.0000     3.3544      0.2825      1.545
 BULL.17B ESTIMATE       0.0     1.0000     3.3544      0.2825      1.545

 BULL.17B ESTIMATE OF MSE OF AT-SITE SKEW     0.6169

    ANNUAL FREQUENCY CURVE -- DISCHARGES AT SELECTED EXCEEDANCE PROBABILITIES

   ANNUAL                         <-- FOR BULLETIN 17B ESTIMATES -->
EXCEEDANCE  BULL.17B SYSTEMATIC   VARIANCE  95% CONFIDENCE INTERVALS
PROBABILITY ESTIMATE   RECORD      OF EST.       LOWER       UPPER

   0.9950    1002.     1002.        ----        659.8       1332.0
   0.9900    1017.     1017.        ----        672.4       1350.0
   0.9500    1096.     1096.        ----        739.9       1442.0
   0.9000    1174.     1174.        ----        807.8       1535.0
   0.8000    1325.     1325.        ----        939.5       1714.0
   0.6667    1550.     1550.        ----       1138.0       1987.0
   0.5000    1927.     1927.        ----       1467.0       2466.0
   0.4292    2145.     2145.        ----       1654.0       2759.0
   0.2000    3529.     3529.        ----       2745.0       4877.0
   0.1000    5378.     5378.        ----       4017.0       8288.0
   0.0400    9182.     9182.        ----       6319.0      16760.0
   0.0200   13620.    13620.        ----       8733.0      28440.0
   0.0100   20080.    20080.        ----      11960.0      48090.0
   0.0050   29470.    29470.        ----      16270.0      81030.0
   0.0020   48660.    48660.        ----      24270.0     160700.0
1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.003
  Version 7.1         Annual peak flow frequency analysis      Run Date / Time
  3/14/2014                                                    07/14/2015 12:00
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PEAKFQ PEAK FLOW DATA.PRT
       Station - 394839104570300  SAND CREEK AT MOUTH NR COMMERCE CITY,CO       

                       I N P U T   D A T A   L I S T I N G

    WATER       PEAK   PEAKFQ
     YEAR      VALUE    CODES  REMARKS
     1993     1210.0       
     1994     1550.0       
     1996     1230.0       
     1997     5750.0       
     1998     1390.0       
     2000     2060.0       
     2001     2190.0       
     2002     1510.0       
     2003     1190.0       
     2004     4150.0       
     2005     2660.0       
     2006     1260.0       
     2007     2080.0       
     2008     1620.0       
     2009     2020.0       
     2010     3190.0       
     2011     4380.0       
     2012     1840.0       
     2013    14900.0       

        Explanation of peak discharge qualification codes

       PeakFQ    NWIS
        CODE     CODE   DEFINITION

          D        3    Dam failure, non-recurrent flow anomaly
          G        8    Discharge greater than stated value
          X       3+8   Both of the above
          L        4    Discharge less than stated value
          K     6 OR C  Known effect of regulation or urbanization
          H        7    Historic peak

          -  Minus-flagged discharge -- Not used in computation
                -8888.0 -- No discharge value given
          -  Minus-flagged water year -- Historic peak used in computation

1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.004
  Version 7.1         Annual peak flow frequency analysis      Run Date / Time
  3/14/2014                                                    07/14/2015 12:00
  
       Station - 394839104570300  SAND CREEK AT MOUTH NR COMMERCE CITY,CO       

   EMPIRICAL FREQUENCY CURVES -- WEIBULL PLOTTING POSITIONS

   WATER     RANKED   SYSTEMATIC     B17B
    YEAR   DISCHARGE    RECORD     ESTIMATE
    2013    14900.0     0.0500      0.0500 
    1997     5750.0     0.1000      0.1000 
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PEAKFQ PEAK FLOW DATA.PRT
    2011     4380.0     0.1500      0.1500 
    2004     4150.0     0.2000      0.2000 
    2010     3190.0     0.2500      0.2500 
    2005     2660.0     0.3000      0.3000 
    2001     2190.0     0.3500      0.3500 
    2007     2080.0     0.4000      0.4000 
    2000     2060.0     0.4500      0.4500 
    2009     2020.0     0.5000      0.5000 
    2012     1840.0     0.5500      0.5500 
    2008     1620.0     0.6000      0.6000 
    1994     1550.0     0.6500      0.6500 
    2002     1510.0     0.7000      0.7000 
    1998     1390.0     0.7500      0.7500 
    2006     1260.0     0.8000      0.8000 
    1996     1230.0     0.8500      0.8500 
    1993     1210.0     0.9000      0.9000 
    2003     1190.0     0.9500      0.9500 
1

 End PeakFQ analysis.
   Stations processed :       1
   Number of errors   :       0
   Stations skipped   :       0
   Station years      :      19

Data records may have been ignored for the stations listed below.               
(Card type must be Y, Z, N, H, I, 2, 3, 4,  or *.)                              
(2, 4, and * records are ignored.)                                              
                                                                                
 For the station below, the following records were ignored:                     
                                                                                
                                                                                
 FINISHED PROCESSING STATION:  394839104570300USGS SAND CREEK AT MOUTH NR COMMER
                                                                                
                                                                                
 For the station below, the following records were ignored:                     
                                                                                
 FINISHED PROCESSING STATION:                                                   
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