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ENGINEERING EVALUATION OF JUNE 8 AND 27, 2004  
FLOODS IN GOLDEN, COLORADO FOR ARAPAHOE GULCH AND 

FOSSIL TRACE GOLF COURSE TRIBUTARY 

 
 

EXECUTIVE SUMMARY 

 
On June 8 and 27, 2004, large rainstorms occurred in Golden, Colorado that caused significant 

flows and property damage.  The two drainage areas most severely impacted were Arapahoe Gulch 

and a sub-basin to Kenneys Run that drains the northern portion of the Fossil Trace Golf Course 

(referred to as the Golf Course Tributary).  This report by Wright Water Engineers, Inc. (WWE)1, 

requested by the City of Golden (City) and its insurer, the Colorado Intergovernmental Risk Sharing 

Agency, provides an independent engineering evaluation of the flooding in these two areas, shown 

in Figure ES-1.  This Executive Summary summarizes the scope of the investigation, major 

findings, and a summary of key citizen concerns addressed and corresponding responses. 

SCOPE 

The purpose of this evaluation is two-fold:  1) to evaluate the nature and causes of the June 8 and 

27, 2004 floods in Arapahoe Gulch and the Golf Course Tributary, and 2) in response to 

questions and complaints from citizens, to determine whether actions or inactions by the City 

contributed to the extent and magnitude of the flooding, and associated property damages. 

To complete this evaluation, WWE conducted interviews with City staff and residents; 

performed field investigations; reviewed engineering calculations and drainage and master plan 

studies; investigated the history of flooding within the City, and modeled the two drainage areas 

                                                 
1  Professor James Guo, P.E., of the University of Colorado-Denver worked with WWE on the assignment.  Mr. 

Russ Livingston, who worked for the U.S. Geological Survey for 34 years on wide-ranging drainage and flood 
assignments, reviewed this report. 
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to evaluate the June 2004 storms and to compare “what if” scenarios that investigate whether 

drainageway improvements, modifications to existing structures, and other measures would have 

alleviated the impacts of flood waters.  The analysis concentrates on the June 27, 2004 storm 

because it produced larger damages than the June 8, 2004 event, and because there were more 

data available for analysis.   

FINDINGS 

The investigations and evaluations undertaken for this report result in the following major 

conclusions: 

1. The June 27, 2004 rainfall was larger than the 100-year storm in parts of Golden, 

including Arapahoe Gulch, and was between a 50- and 100-year storm in the Golf 

Course Tributary.  The June 8, 2004 rainfall was less than a 100-year event in both 

drainage areas. 

2. Based on surveyed high water marks and debris lines, peak flow rates in Arapahoe 

Gulch during the June 27, 2004 event were approximately 400 cfs.  This estimate of 

peak flow is smaller than 100-year peak flow rates from previous engineering studies, 

but nonetheless larger than the capacity of the Arapahoe Gulch drainage system 

downstream of 2nd Street. 

3. Interviews and research conducted by WWE indicate that floods have occurred 

infrequently in Arapahoe Gulch, and there have been relatively few complaints related 

to drainage in this area prior to 2003.   
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4. WWE utilized the hydrologic models from 1995-1997 Master Plan2 for Arapahoe Gulch 

to evaluate various “what if” scenarios for the June 27, 2004 storm.  The following 

results emerged from the modeling: 

a. If all of the urban development that has occurred since the early 1990s in the upper 

part of Arapahoe Gulch were replaced by vegetated open space, flood flows would 

have been essentially the same in Arapahoe Gulch from approximately 2nd Street 

downstream to Clear Creek.  Detention ponds constructed to reduce peak flow rates 

from new development functioned as intended. 

b. Model simulations indicate that even if all structural improvements in the 1995-1997 

Master Plan had been implemented when the June 27, 2004 storm event occurred, 

there would still have been substantial flooding.   

c. Even if the capacity of the six detention ponds in the drainage area were increased 

by 25%, the June 27, 2004 flood would have caused substantial downstream 

damage—about the same as actually occurred.   

d. Concern was expressed about the loss of a detention/open channel area immediately 

north of 6th Street, in the course of creating a parking lot for an apartment building in 

the mid-1990s.  WWE found that if this detention/open channel area had been in 

place on June 27, 2004, there would have been no beneficial impact on downstream 

flooding.   

5. In addition to modeling analysis, WWE examined the “what if” scenarios described in 

#4, above, based on the peak flow estimate of approximately 400 cfs from debris lines 

and high water marks.  With the exception of one scenario, conclusions are the same as 
                                                 
2  The WRC Engineering, Inc. (WRC) reports, Arapahoe and Magpie Gulches Area Outfall Systems Planning 

Alternatives Evaluation Report (1995) and Arapahoe and Magpie Gulches Watersheds Outfall System Planning 
Preliminary Design Report (1997) are collectively referred to as the “1995-1997 Master Plan.”  These reports 
were prepared for the Urban Drainage and Flood Control District, Jefferson County, and the City of Golden.  
The 1995 report is commonly referred to as a “Phase A” report while the 1997 report is commonly referred to as 
a “Phase B” report. 
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those stated above for modeling.  The lone exception is for the “what if” case examining 

performance of the drainage system with all of the 1995-1997 Master Plan-

recommended improvements implemented.  For flows of approximately 400 cfs, the 

improved system likely would have performed adequately from 2nd Street to just 

upstream of 6th Street due to improved conveyance and increased storage.  Significant 

flooding between Highway 58 and 6th Street would have still occurred.  Flooding 

downstream of Highway 58 to Clear Creek likely would have been reduced, although 

for flows of approximately 400 cfs, overtopping still would have occurred at the culvert 

entrance upstream of 8th Street.  The proposed system downstream of Highway 58 was 

intended to have a capacity of 220 cfs.  The projected cost of these improvements was 

roughly $1.1 million. 

6. Arapahoe Gulch and the Golf Course Tributary represent the classical drainage problem, 

found throughout the Denver Metropolitan Area and the United States, of a funnel with 

a plug at the bottom.  Namely, in the lower part of each drainage area, there is old 

development with buildings and other structures dating back to the late 1800s or early to 

mid-1900s.  Many of these buildings are situated in or immediately adjacent to the major 

drainage flow path, and have basements or first floors that are at or below grade.  Over 

time, growth (urbanization) occurred upstream, with limited downstream conveyance 

capacity.  Many major drainageways in the Denver metropolitan area and throughout the 

United States fall into this category.   

7. There is no stormwater detention for the Highway 93 Bypass in northwest Golden.  

However, detention for this project should have been provided.  The City advocated 

detention and re-routing of flows with the Colorado Department of Transportation 

(CDOT) to relieve flooding in Arapahoe Gulch, but without success.   

8. State Highway 58 acts as a dam across Arapahoe Gulch.  The existing 48-inch diameter 

pipe beneath Highway 58 is inadequate, with a capacity of approximately 130 cfs.  

Significant additional conveyance capacity would have been required to convey the 
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approximately 400 cfs of flow under Highway 58 on June 27th, 2004, let alone the much 

higher 1995-1997 Master Plan peak flow rates. 

9. The City long has had knowledge that there was a significant flood hazard in Arapahoe 

Gulch from approximately 2nd Street downstream, although this area is not mapped on 

Federal Emergency Management Agency (FEMA) Flood Insurance Rate Maps (FIRM) 

or Flood Hazard Area Delineation (FHAD) documents, due to the small drainage area 

size.  Various engineering reports dating back to the early 1980s made this point.  The 

City did not inform relevant property owners of the flood risk that they faced, and issued 

building permits without informing property owners that they were in an area subject to 

flooding.  

Based on many interviews with floodplain regulatory experts, the question of whether or 

not the City had a duty to notify the public under these circumstances is not clear.  

Property owners are notified if they are located in a FIRM or FHAD floodplain.  By 

contrast, the owners of properties that are subject to drainage problems/flooding, but that 

are not included in FIRM/FHAD mapped areas, are usually not informed of this hazard 

by local governments.  In WWE’s opinion, this is a gray area, with some factors 

indicating that the City had a duty to notify and other factors indicating that the City did 

not have this duty. 

10. Some residents stated to WWE that because they were not in mapped flood hazard 

zones, they did not know how high their risk was nor did they know to buy flood 

insurance.  On the other hand, remarks from some property owners indicate that they 

were aware of the potential flood risk. 

11. The City has taken only modest steps to improve the flooding situation on Arapahoe 

Gulch, even though many mitigation strategies were available.  With the benefit of 

hindsight, the City might have provided additional conveyance capacity on Arapahoe 

Gulch from 2nd Street downstream to Clear Creek, as they have done in other 

watersheds.  However, this was not high on the City’s priority list due to pressing needs 
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in other drainageways, lack of documented flooding and lack of complaints (this reach 

of Arapahoe Gulch was not the “squeaky wheel”).  It is common for American 

municipalities to prioritize drainage system improvements based on complaints and 

documented flooding evidence.   

12. Since the mid-1990s, the City and other governmental entities have spent millions of 

dollars upgrading the drainage system at such locations as Tucker Gulch, Kenneys Run, 

Clear Creek, downtown, and elsewhere.  The list of drainage improvement projects 

provided within this report is long and indicates that the projects have been distributed 

throughout the community.  Flood risk within these drainage areas has been reduced 

substantially by these projects.   

13. WWE has initially reviewed the engineering analysis and designs for the residential and 

commercial developments in upper Arapahoe Gulch.  Based on this “reasonableness” 

check, the relevant drainage systems, including the detention facilities, has generally 

complied with and were adequate under Jefferson County and Urban Drainage and 

Flood Control District (UDFCD) drainage criteria.   

14. Professor James Guo, with assistance from WWE, developed a detailed hydrologic 

model for the Fossil Trace Golf Course.  This model demonstrates that the course did 

increase peak flows during the June 27, 2004 storm; however, the downstream effect of 

this increase was not significant in terms of flood depths or velocities.  Substantial 

stormwater detention is included in the relevant part of the golf course. 

15. The City has long been aware of drainage-related complaints from homeowners on 21st 

and 20th Streets, downstream from the golf course.  Interviews indicate that at least every 

two years, the streets are filled to capacity, and many yards are in the flow path, as well.  

Ice build-up in the wintertime is a problem.  Sediment in runoff is a nuisance.  Public 

safety concerns are associated with these high-velocity flows.  These are understandable 

concerns, and they need to be addressed.  The City is now designing a storm drain for 

the relevant area that will reduce the frequency and magnitude of flooding.   
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KEY CITIZEN CONCERNS AND RESPONSES 

Residents voiced the following concerns about drainage facilities and City planning.  Each concern 

is addressed fully within the report; however, an abbreviated response is provided here: 

1. Concern:  Arapahoe Gulch is undersized; new development has overtaxed conveyance 

capacity; City of Golden should not have permitted upstream urban development. 

Response:  The capacity of the Lower Arapahoe Gulch conveyance system is 

undersized; however, drainage facilities in the new development are properly sized and 

it was not wrong for the City to permit new development. 

2. Concern:  Upstream development has substantially increased peak flows in Arapahoe 

Gulch. 

Response:  Upstream development has increased the frequency of downstream runoff, 

total runoff volume and peak discharge rates for small, frequently occurring storms (for 

example, the 2-year storm); however, this is not the case for larger floods such as the 

June 27, 2004 event where analysis has shown the new development (with functioning 

detention basis) did not contribute to increased peak flow rates within Arapahoe Gulch. 

3. Concern:  The City should have done more to improve the situation on Arapahoe 

Gulch. 

Response:  The City was aware of and participated in multiple studies of Arapahoe 

Gulch that cited flooding concerns, and many potentially feasible mitigation measures 

were available to the City.  In the late 1980s, the City advocated drainage improvements 

to divert some flows from Arapahoe Gulch to Magpie Gulch (a project that also 

included detention).  In addition, the City’s Capital Improvement Plans in 1999-2003 

included funding for improvements to Arapahoe Gulch, although for a variety of 

reasons, the potential improvements have not yet been constructed.  Funds spent by the 
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City on drainage improvements in other drainage areas have resulted in significantly 

reduced flooding risks to those areas. 

4. Concern:  The City did not provide adequate warning to Arapahoe Gulch residents that 

properties were in an area of high flood risk. 

Response:  Whether the City had a duty to notify relevant property owners in Arapahoe 

Gulch of the existing flood hazard is a gray area.  Interviews with UDFCD and other 

drainage experts indicate that it is not common for Denver metropolitan area local 

governments to notify residents whose properties are not shown in a FIRM or FHAD 

floodplain of flood hazards.  On the other hand, protection of public health, safety, and 

welfare is a very important municipal responsibility.  This is a complex question that is 

influenced by legal, institutional, economic and technical factors, many of which are 

discussed in the report. 

5. Concern:  The Fossil Trace Golf Course has increased the flood risk in neighborhoods 

downslope from the course. 

Response:  The golf course did not significantly increase maximum downstream flow 

rates or flood depths. 

6. Concern:  The Highway 93 Bypass should have included detention. 

Response:  The Highway 93 Bypass should have included detention.  The City 

advocated re-routing a large portion of Arapahoe Gulch to Magpie Gulch and building 

detention as part of the project; however, the CDOT determined that this was not 

feasible, and CDOT did not implement detention. 

7. Concern:  Golden should have imposed special requirements on upstream development, 

but did not because it has a “pro development” attitude. 
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Response:  The City could have required upstream developers to implement 

downstream improvements to the Arapahoe Gulch channel and drainage facilities; 

however, this would be highly unusual in the Denver metropolitan area as well as other 

parts of the United States.  The basic legal requirement (as per the 2001 UDFCD Urban 

Storm Drainage Criteria Manual) for developers is to not “cause more harm than 

formerly” to downstream properties.  Regarding a “pro-growth” attitude, the City 

requires developers to comply with Jefferson County and UDFCD criteria, engineering 

analyses conducted for the new development appear to be reasonable, and the City 

provides initial reviews for development plans; however, the City apparently does not 

often avail itself to many of the services offered by UDFCD, which would be of benefit. 

8. Concern:   Property owners downstream from the northern part of the Fossil Trace Golf 

Course have repeatedly complained to the City regarding drainage problems. 

Response:  Because there is no storm sewer system in this area, the streets must convey 

all storm flows, so they regularly fill to capacity.  The City has addressed problems by 

breaking up ice, street sweeping, and street patching, but the fundamental problem of no 

storm drain has not yet been addressed.  The City has contracted with TST to design a 

storm drain system for this area that will likely carry approximately the 5-year storm.  

This will mitigate many of the concerns.   

9. Concern:  City expenditures for drainage have been unbalanced, and have favored 

newer, high-value neighborhoods over older, low-value neighborhoods. 

Response:  Drainage expenditures have been equally distributed around the City to 

significantly reduce flood hazards in Kenneys Run, Tucker Gulch, downtown Golden 

and in the Clear Creek corridor.  These expenditures have been substantial, and have 

been effective. 

10. Concern:  City maintenance of Arapahoe Gulch from 2nd Street downstream has been 

poor. 
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Response:  The City regularly inspects storm drainage facilities and they have generally 

reacted promptly to complaints regarding the lack of maintenance along Arapahoe 

Gulch.  The City’s ability to maintain Arapahoe Gulch has been limited by lack of right-

of-way. 

11. Concern:  The loss of detention storage immediately north of 6th Street aggravated 

downstream flooding. 

Response:  Analysis demonstrated that the presence of this detention area during the 

June 27, 2004 storm would have had little impact on downstream peak flows or flood 

depths. 

WWE appreciates the substantial assistance from City staff and community residents, particularly 

those impacted by flooding, at gathering and providing background information for our use. 
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ENGINEERING EVALUATION OF JUNE 8 AND 27, 2004  
FLOODS IN GOLDEN, COLORADO FOR ARAPAHOE GULCH AND 

FOSSIL TRACE GOLF COURSE TRIBUTARY 
 

1.0 BACKGROUND AND PURPOSE OF EVALUATION 

1.1 Background 

On June 8 and 27, 2004, large rainstorms occurred in Golden, Colorado that caused significant 

flows and property damage.  The two drainage areas most severely impacted were Arapahoe 

Gulch and a sub-basin to Kenneys Run that drains the northern portion of the Fossil Trace Golf 

Course.  Both of these drainage areas are delineated in Figure 1, which serves as a general 

location map.  Exhibit 1 provides photographic panoramas of both drainage areas.  (Figures, 

Exhibits and photographs are provided at the back of the report.)  For the remainder of this 

report, the drainage area drained by Arapahoe Gulch is referred to as “Arapahoe Gulch” while 

the Kenneys Run sub-basin that drains the northern portion of the Fossil Trace Golf Course is 

referred to as the “Golf Course Tributary.”   Figures 2-5 provide rainfall location and distribution 

maps that are relevant for this evaluation. 

In response to the June 8 and 27, 2004 storms, the City of Golden (City) determined that an 

independent engineering evaluation of the nature and causes of flooding in these two areas was 

necessary.  Consequently, the City and its insurer, the Colorado Intergovernmental Risk Sharing 

Agency (CIRSA) retained Wright Water Engineers, Inc. (WWE) of Denver to conduct this 

evaluation.1  For this assignment, WWE was joined by Dr. James Guo, P.E., Professor of Civil 

                                                 
1  Wright Water Engineers, Inc. (WWE) was founded in 1961.  WWE has substantial experience with drainage 

and flood control assignments in the Denver metropolitan area, the State of Colorado, around the United States, 
and internationally.  Kenneth R. Wright, P.E., was the principal author of the landmark 1969 Urban Storm 
Drainage Criteria Manual (USDCM), which was prepared for the Denver Regional Council of Governments 
and the Urban Drainage and Flood Control District (UDFCD).  In 2001, WWE was privileged to work closely 
with staff from the UDFCD and 43 cities and counties within the UDFCD to comprehensively update the 1969 
USDCM (Volumes 1 and 2).  The USDCM serves as the basic drainage guidance document for the entire 
Denver metro area and for much of Colorado.  Jonathan E. Jones, P.E., of WWE chaired a committee of over 
100 engineers that prepared the widely used 1992 American Society of Civil Engineers and Water Environment 
Federation  Manual of Practice for the Design and Construction of Urban Stormwater Management Systems. 
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 WWE has worked closely with the U.S. Department of Energy, UDFCD and many local governments on such 
master drainage plans such as:  Rocky Flats Environmental Test Site; Barr Lake and Beebe Draw; Lower Big 
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Engineering at the University of Colorado-Denver,2 and review was provided by Mr. Russell 

Livingston, formerly a District Chief and Regional Program Officer with the U.S. Geological 

Survey (USGS).3   

1.2 Purpose of Evaluation 

At the request of the City and CIRSA, the purpose of WWE’s evaluation was two-fold:  1) to 

evaluate the nature and causes of the June 8 and 27, 2004 floods in Arapahoe Gulch and the Golf 

Course Tributary, and 2) in response to questions and complaints from citizens, to determine 

whether actions or inactions by the City contributed to the extent and magnitude of the flooding, 

and associated property damages.  This report summarizes WWE’s analysis and findings.   

                                                                                                                                                             
Dry Creek Tributaries; South Platte River through metropolitan Denver; Rocky Mountain Arsenal; Box Elder 
Creek; and Ralston, Leyden and Van Bibber Creeks.  WWE conducted engineering evaluations for the State of 
Colorado in the aftermath of major storm events in the Big Thompson Canyon (1976) and in Fort Collins at 
Colorado State University in 1997. 

 The work of WWE is regularly cited, not only in technical literature, but also in periodicals that are read by the 
general public.  WWE has received significant awards including, as examples:  1996 Colorado Ethics in 
Business Award; 1999 Society of Financial Professionals’ American Business Ethics Award, and the 2003 
American Society of Civil Engineers State of the Art Civil Engineering Award. 

 WWE is familiar with the study area, having evaluated the hydrology of Magpie Gulch and part of Arapahoe 
Gulch for Coors in the early 1980s, and the hydrologic and environmental implications of fly ash disposal in 
the Parfet clay pits for Coors from the late 1970s to the mid-1980s. 

 The primary WWE staff who prepared this report include:  Jonathan E. Jones, P.E.; T. Andrew Earles, Ph.D., 
P.E.; Kenneth R. Wright, P.E.; Joseph Nye, P.E.; Melissa Figurski, E.I.T.; John O’Brien; Christopher Brown; 
and Kurt Loptien.  Document preparation was overseen by Ms. Frankie Lane. 

2  James Guo, Ph.D., P.E., Professor at the University of Colorado, Denver, is a well known drainage engineer in 
the Denver metropolitan area, due to:  1) teaching such courses as hydrology and hydraulics to numerous 
practicing engineers; 2) preparing widely used hydrologic and hydraulic software for the UDFCD; and 3) 
working with numerous public and private entities on drainage and flood control assignments.  Dr. Guo has 
worked with WWE on many assignments; two examples of particular note include the 2001 Urban Storm 
Drainage Criteria Manual for the UDFCD and the in-progress Denver Water Quality Manual, for the City and 
County of Denver. 

3  Russ Livingston worked for the USGS for 34 years serving as District Chief for the Albuquerque District from 
1989 through 1997 and Regional Program Officer for the Central Region from 1999 through 2002.  He has 
extensive experience with urban stormwater runoff, in Denver and nationally.  For example, he managed the 
Denver portion of the Nationwide Urban Runoff Program (NURP) for the USGS from 1980 to 1982.  He has 
evaluated many large floods for the USGS in the western United States.   
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WWE’s interviews with property owners revealed various questions and complaints about 

drainage; examples include: 

• The City has known of flood risks in Arapahoe Gulch and the Golf Course 

Tributary since at least the 1980s and possibly earlier.  The City has also been 

aware of potential mitigation strategies.  Why hasn’t the City done more to 

address these problems?   

• The City permitted upstream development while knowing that downstream 

conveyance capacity was limited.   

• The City has caused flows to increase downstream of the golf course due to 

the golf course, new development, and street projects. 

• The City has not allocated its drainage and flood control funds equitably; the 

lower Arapahoe Gulch and Golf Course Tributary neighborhoods have 

received little attention.   

• An area that provided stormwater detention immediately north of 6th Street 

(on Arapahoe Gulch) was removed for the sake of a parking lot, thereby 

raising downstream flood levels during the June 27, 2004 event.   

• Residents/property owners did not know that they were residing in areas with 

such high flood hazards—why didn’t the City inform them?   

A comprehensive list of questions and criticisms from citizens, as well as WWE’s analysis of 

them, is found in Section 8.   

WWE sincerely appreciates the substantial assistance from City staff and community residents, 

particularly those impacted by flooding, at gathering and providing background information for 

our use.   
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2.0 BASIS OF FINDINGS 

2.1 Overview 

For this assignment, WWE’s approach was to gather and interpret as much information and data 

on Arapahoe Gulch and the Golf Course Tributary as feasible.  Substantial information was 

available for both areas.  Major aspects of WWE’s investigation included: 

1. Field inspections 

2. Field surveys 

3. Interviews 

4. Photograph and video review (see photographs immediately behind report, and in 

Appendix A) 

5. Document review 

6. Gathering and interpreting basic data (such as rainfall data) 

7. Engineering analysis and calculations, including computer modeling of the two 

drainage areas during the June 2004 storms 

WWE staff conducted field inspections roughly two dozen times while conducting this 

evaluation.  WWE documented these field inspections via photographs and notes.  The two 

drainage areas were thoroughly evaluated in the field.  Field surveys (see Appendix B) were 

conducted in many locations to define high water marks, pipe and channel sizes, detention pond 

characteristics, street cross sections, flow paths on the golf course, storage volumes at the golf 

course, and other features pertinent to the flooding issues. 

2.2 Interviews 

Table 1 summarizes the interviews that WWE conducted. 
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TABLE 1 
Interviews Conducted by WWE 

Name of Person Affiliation 
David Ackley City of Golden 
Candace Ammerman Colorado School of Mines 
Vince Auriemma, P.E. City of Golden 
Mike Bestor City of Golden 
Odie Bliss Colorado Climate Center 
Tom Browning, P.E. Colorado Water Conservation Board 
Tom Bueb Coors Brewing Company 
Bill DeGroot, P.E. Urban Drainage and Flood Control District 
Scott & Karen Dennis Golf Course Tributary Residents 
John Doerfer Urban Drainage and Flood Control District 
Jim Engh Golf Course Architect 
Mack Fischer Colorado Department of Transportation 
Jim Fitzmorris, P.E. J.R. Engineering 
Penn Gildersleeve, P.E. ICON Engineering 
Ludwig Goppenhammer Arapahoe Gulch property owner 
Mark Gosland Colorado Department of Transportation 
Chad Hartley Arapahoe Gulch resident 
Justin Hamann, E.I.T. ICON Engineering 
Dan Hartman, P.E. City of Golden, Public Works Director 
John Hickam Arapahoe Gulch resident 
Paul Hindman, P.E. Urban Drainage and Flood Control District 
James Hoskavik Arapahoe Gulch resident 
Kevin Houck Colorado Water Conservation Board 
Steve Humann, P.E. TST, Inc. 
Brian Hyde, P.E. Colorado Conservation Board 
Neil Jaquet Coors Brewing Company 
Esther Kettering Fuller Commercial Real Estate 
Ellie Key Golf Course Tributary Resident 
Roger Kilgore, P.E. Drainage Consultant 
Michael Krieger, P.E. TST, Inc. 
Stephen Kurtz City of Golden 
Alan J. Leak, P.E. WRC Engineering, Inc. 
Harold Lee Golf Course Tributary Resident 
Scott Leiker Colorado Department of Transportation 
Scot Lewis, P.E. Currently employed by MMC Engineering and previously City Engineer for Golden 
Tony Lopez Channel 4 reporter 
Ward Mahanke, P.E. TST, Inc. 
Wendy Matusik Arapahoe Gulch property owner 
Bill McDonald Colorado Department of Transportation 
Pat Merrill Colorado Intergovernmental Risk Sharing Agency 
Chip Parfet, P.E. Previous owner of Parfet Clay Pit (site of Fossil Trace golf course) 
Ron Reavis City of Golden 
Philip & Kaye Ricciardi  Arapahoe Gulch residents 
Dan Richard Former resident of 816 6th Street in Arapahoe Gulch 
Bill Robie Development Consultant 
Jeannie Rosillon, P.E. Jefferson County 
Dale Seitz City of Golden 
Kevin Stewart, P.E. Urban Drainage and Flood Control District 
Keith Thistlewood Arapahoe Gulch resident  
Robert Tranberg Golf Course Tributary resident 
Ben Urbonas, P.E. Urban Drainage and Flood Control District 
Ken Vaught Coors Brewing Company 
Vern Wagner Golf Course Tributary Resident 
Barbara Weiss, P.E. Drexel Barrel and Company Consulting Engineers 
Kip R. White, P.E. KRW Consulting, Inc. 
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2.3 Document Review 

Numerous documents were reviewed.  A complete list of references is provided at the end of this 

report.  Certain documents proved to be especially important, and these are summarized in 

chronological order in Table 2. 

TABLE 2 

Key Documents Reviewed 
(See Section 10 for Complete Citations and Additional References) 

Date Document Title Author 
2001 Design drawings for Fossil Trace Golf Course Jim Engh, Golf Course Architect 
2001 Urban Storm Drainage Criteria Manual, 

Volumes 1 and 2 
Urban Drainage and Flood Control 
District 

1998 Closure Plan for Parfet Clay Pits, Golden, 
Colorado 

KRW Consulting, Inc. 

1997 Arapahoe and Magpie Gulch Watersheds 
Outfall Systems Planning—Preliminary Design 
Report 

City of Golden, Jefferson County, 
Urban Drainage and Flood Control 
District and WRC Engineering, Inc. 

1991-
1994 

Documents related to Drainage Plan for New 
Development and additional residential 
development in Arapahoe Gulch 

Drexel Barrel and Company and 
J.R. Consulting Engineers 

1995 Arapahoe and Magpie Gulches Area Outfall 
Systems Planning—Alternatives Evaluation 
Report 

City of Golden, Jefferson County, 
Urban Drainage and Flood Control 
District and WRC Engineering, Inc. 

1992 Design documents related to the Highway 93 
Bypass Project 

Colorado Department of 
Transportation 

1992 Stormwater Management Program - 
Improvements for Selected Neighborhood 
Flooding; prepared for City of Golden 

TST, Inc. 

1989 State Highway 93 Bypass Drainage Alternative 
Study; prepared for City of Golden 

TST, Inc. 

1987 Jefferson County Storm Drainage Design and 
Technical Criteria 

Urban Drainage and Flood Control 
District, Jefferson County, and 
WRC Engineering, Inc. 

1983 Golden—Tucker Gulch and Kenneys Run 
Phase A Report (Major Drainageway Planning) 
and Flood Hazard Area Delineation 

Urban Drainage and Flood Control 
District, City of Golden, Jefferson 
County, and Muller Engineering 
Company, Inc. 

1983 Rubey Clay Property Conceptual Drainage 
Study for Adolph Coors Company 

Wright Water Engineers, Inc.  
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Arapahoe Gulch has been extensively studied over the years by various engineering consultants, 

and there was substantial background information that WWE utilized to conduct this 

investigation.  Studies of Arapahoe Gulch date back to the early 1980s.  In 1983, on behalf of the 

Adolph Coors Company, WWE prepared a conceptual drainage study for Magpie Gulch 

(immediately southwest of Arapahoe Gulch) and Arapahoe Gulch.  The WWE study quantified 

peak flows, described downstream problem areas, and recommended drainage principles and 

criteria that would need to be followed if the area were to be developed.   

In 1989, TST, Inc. (TST) evaluated drainage alternatives for the Highway 93 project and in 

1992, the City retained TST to inventory drainage facilities.  TST calculated flood flows and 

prepared floodplain maps for Arapahoe Gulch.  TST also suggested potential mitigation 

strategies. 

In 1995-97, the Urban Drainage and Flood Control District (UDFCD), Jefferson County, and the 

City retained WRC Engineering, Inc. (WRC) to prepare a comprehensive major drainageway 

master plan and preliminary design report for Arapahoe Gulch4 that quantified current and future 

condition peak flows from multiple events, defined problem areas, proposed various alternatives, 

and selected a preferred alternative.     

Engineering analysis by Drexel Barrel & Company (1991 through 1994), the Colorado 

Department of Transportation (CDOT) (1992, in association with the Highway 93 Bypass 

project), J.R. Engineering (1994), and others provided additional information.   

WWE conducted this investigation of the June 2004 floods during July and August 2004.  At the 

same time, the Colorado Water Conservation Board (CWCB), through its consultant, ICON 

Engineering (ICON), conducted an independent flood assessment study.  WWE interacted with 

the CWCB and ICON and provided our files to ICON for their use.  As of the date of WWE’s 

                                                 
4  The WRC Engineering, Inc. (WRC) reports, Arapahoe and Magpie Gulches Area Outfall Systems Planning 

Alternatives Evaluation Report (1995) and Arapahoe and Magpie Gulches Watersheds Outfall System Planning 
Preliminary Design Report (1997) are collectively referred to as the “1995-1997 Master Plan.”  The 1995 
report is commonly referred to as a “Phase A” report while the 1997 report is commonly referred to as a “Phase 
B” report. 
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report (August 16, 2004), the final CWCB/ICON report was not available but is anticipated 

shortly.   

Sources of topographic mapping and aerial photographs are noted throughout the report, 

including the exhibits.  Photographs and video were provided to WWE from various sources 

including property owners, the City, Channel 4 and 7 news departments, and other sources.  

Rainfall data were obtained from the UDFCD, Colorado State Climatologist, National Weather 

Service, residents who maintain rain gauges, and other sources.  Aerial photographs dating back 

to the 1930s were provided by many sources; these were helpful for developing an understanding 

as to how the relevant study areas changed over time. 

The majority of the engineering analysis in this report focuses on the June 27, 2004 storm, 

primarily because the June 27, 2004 storm:  1) was considerably larger than the June 8, 2004 

storm or July 29, 2003 storm (which also caused flooding); 2) produced substantially more flood 

damages than either of the other two storms; and 3) was better documented  than either of the 

other two storms.  The June 8, 2004 storm did not cause reported flooding in Arapahoe Gulch, 

although it did in the Golf Course Tributary area.  The July 29, 2003 event caused flooding in 

both Arapahoe Gulch and the Golf Course Tributary.  These storms were used primarily for the 

purpose of benchmarking the July 27, 2004 event.   

2.4 Scope and Limitations of Engineering Evaluation 

This report was prepared by WWE from early July through mid-August 2004.  Thus, the time 

was limited for a report of this magnitude, especially considering that the first few weeks of the 

effort were devoted to gathering basic information.  Many of the tasks that we conducted were 

performed at an initial level, such as (for example): 

• Drainage plan/design review 

• Reconciling differences among flood flow estimates 

• Property owner interviews 
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It is important for readers to understand that, as with any engineering/scientific study, there are 

potential sources of uncertainty.  For example, Section 6.2 discusses hydrologic computer 

modeling uncertainty and variability.  Some other examples of uncertainty in the report include: 

• Although WWE utilized the best available rainfall data for the June 2004 

storms, there are no UDFCD ALERT stations within Golden.  Consequently, 

there are no time-distribution data for Golden, and it was necessary to 

extrapolate this information from gauges outside of Golden.   

• Calculating flood flows based on surveyed high water marks can be difficult.  

For example, debris that lodges against a fence provides a good indication of 

about how high the flood level was; however, one cannot say exactly where 

the water surface was.  As another example, when inspecting debris along the 

banks of the channel, does the upper line of the debris correspond to the peak 

of the flow or did the debris settle as the flow was receding?  

• Assumptions needed to be made for the engineering calculations and 

computer modeling for such parameters as rates of infiltration, distribution of 

soil types, friction losses in open channel flow, friction losses where flows 

enter culverts, etc.  In all such cases, WWE used reasonable values based on 

standard engineering references and practices.  Nevertheless, there is an “error 

band” associated with each such assumption. 

WWE and Dr. Guo have minimized uncertainties by utilizing many techniques including, as 

examples: 

• Utilized multiple computational methods to compare results 

• Checked various references for data input 

• Interviewed multiple people about the same subject 
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• Checked calculations and conducted “reasonableness checks” (i.e., does an 

assumption or calculation make sense?) 

• Obtained outside peer review (by Mr. Livingston) and detailed internal 

review, by such senior staff as Kenneth R. Wright, P.E. 

• Interviewed recognized authorities in particular areas 

• Had discussions with staff from the UDFCD regarding the June 2004 and July 

2003 rainfall events and with the CWCB and ICON regarding the significance 

of field data that were gathered, including peak flow measurements based on 

surveyed high water marks and other factors. 

Despite the uncertainties that are associated with this evaluation, WWE, Dr. Guo and Mr. 

Livingston are confident that the general findings are reasonable.   

3.0 STUDY AREA CHARACTERISTICS 

The characteristics of Arapahoe Gulch and the Golf Course Tributary study areas are described 

below.  Neither channel is included on a Flood Insurance Rate Map (FIRM) or Flood Hazard 

Area Delineation Map (FHAD).  Drainage channels with tributary areas less than 1-square-mile 

are often not studied or mapped by the Federal Emergency Management Agency (FEMA).  Both 

of the drainages that are the subject of this report have drainage areas less than this 1-square-

mile threshold.  The major drainageways in Golden that do have regulatory floodplain 

mapping—Clear Creek, Tucker Gulch, and Kenneys Run—are shown on Exhibit 7.  Sections 6 

and 7 discuss the nature of the June 2004 floods in the study areas.   

3.1 Arapahoe Gulch 

3.1.1 Background 

As shown in Exhibit 2, Arapahoe Gulch originates northwest of downtown Golden at an 

elevation of approximately 6,800 feet and ends where Arapahoe Gulch discharges into Clear 

Creek, just upstream from Washington Street at an elevation of about 5,660 feet.  The total size 
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of the drainage area at the confluence with Clear Creek is approximately 500 acres.  The 

drainage area size upstream from Highway 58, which cuts across the drainage area, is about 480 

acres.   

The highest and steepest part of the drainage area is undeveloped, with slopes ranging from 25% 

to 80%; while in the lower part of the drainage area, slopes are milder (yet still steep) and range 

from approximately 2% to 17% (WRC 1997).  Photographs (see Appendix A) show various 

features in the drainage area, including the sharp topographic contrast between the steep upper 

part of the drainage area and the more moderate slopes in the lower part of the drainage area.  

Due to the steepness of the area, soil types, amount of impervious area, drainage system 

characteristics and nature of rainfalls (short and intense), the drainage system responds to rainfall 

rapidly, with sharp rises and declines in flood flows, depths, and velocities.   

The history of flooding and citizen complaints in Arapahoe Gulch is summarized in Sections 4.4 

and 8.  It is noteworthy that the history of flooding and complaints in Arapahoe Gulch is 

remarkably limited, based on document review and interviews. 

Exhibit 2 shows that roughly 2/3 of the Arapahoe Gulch watershed has been urbanized, while 1/3 

(primarily in the headwaters) is vegetated open space.  Most of the area zoned for development 

has now been developed, although there is currently (August 2004) new commercial 

development (convenience food store) under construction immediately north of Washington 

Street, at its intersection with Highway 93.  The City has indicated that runoff detention for this 

new development will be provided by an onsite pond. 

WWE researched records at the Jefferson County Assessor’s Office and found that homes in the 

lower part of the drainage area, between 10th Street and 2nd Street, were generally constructed in 

the early to mid-1900s, with some improvements dating back to the 1800s.  Many of these 

homes are located in the flow path of Arapahoe Gulch, and have basements or first floor 

elevations that are at or below grade.  By contrast, the residential and commercial development 

located upstream from 2nd Street was typically developed in the early to mid-1990s.   
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3.1.2 Soils and Vegetation 

Regarding soil and vegetation characteristics, the following description was prepared by WRC in 

1997: 

Soils in the study area were identified through the Soils Survey of Golden 

Area, Colorado, prepared by the Soil Conservation Service.5  The soils 

identified represent all four hydrologic groups as defined by the SCS:  

Types A, B, C and D.  Type A soils have the highest infiltration rate with 

Type B and Type C having decreasing infiltration rates.  Type D soils 

have the slowest infiltration rates. 

The majority of the upper watershed is composed of Type D soils.  The low 

infiltration rates for these soils largely result from the presence of rock 

outcrops.  Most of the lower watershed soils are Types B and C.  Along 

Clear Creek, soils are of sandy, gravely, alluvial Type A composition.   

Vegetation in the drainage area can generally be grouped into three types.  

The steep foothill area consists of sparse evergreen trees with natural 

grass and some small shrub groundcover.  The terrace area at the toe of 

the foothills consists of very sparse deciduous trees (in the drainageways) 

and natural grass groundcover.  The remaining urbanized area consists of 

mature deciduous and evergreen trees, small shrubs and blue grass or 

buffalo grass lawns and landscaping. 

Additional discussion regarding the geology and soil characteristics of Arapahoe Gulch was 

prepared by WWE in 1983; this information is consistent with the description provided above by 

WRC (1997). 

                                                 
5  Hydrologic soil groups refer to the runoff potential of soils.  Type A soils readily infiltrate rainfall and have low 

runoff potential, while Type D soils poorly infiltrate rainfall and have high runoff potential.  Type B and C soils 
are intermediate. 
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3.1.3 Representative Drainage Features 

As shown on Exhibit 3 and in the attached photographs, some of the significant features 

affecting drainage in the Arapahoe Gulch study area include: 

• Highway 93 (also referred to as the Highway 93 Bypass), which trends from 

north to south and which was constructed in its current alignment in 1991. 

• Residential development immediately west of Highway 93, known as the 

Canyon Point subdivision, totaling approximately 80 acres and with 

approximately 40% to 50% imperviousness.  Two detention ponds are 

included here.   

• The steep, vegetated hillsides immediately west of the residential 

development that have high runoff potential and that have channels that 

concentrate flow.  Runoff from this area is collected in pipes and conveyed 

beneath the Canyon Point subdivision into stormwater detention ponds.   

• Commercial and residential developments east of Highway 93 and north of 

Iowa Street.  Two detention ponds currently serve this area; another pond will 

be constructed as part of the ongoing development.   

• Residential development and Mitchell Elementary School, immediately east 

of Highway 93 and on the west side of older neighborhoods.  The school and 

residential area each have a detention pond.   

• Older residential neighborhoods from approximately 2nd Street south to 

Highway 58. 

• Highway 58, which cuts across the drainage area from east to west.  The 

current configuration of Highway 58 was designed during the 1960s, and it 

significantly influences the flooding characteristics of Arapahoe Gulch, as 

described later in this report. 
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• The Church Ditch, which is located south of Highway 58 and which spills 

during large storm events.  The Church Ditch is owned by other public and 

private entities and originates outside of the limits of the City.  The City is not 

responsible for operation or maintenance of the Church Ditch. 

• Older residential, commercial, and municipal (City) developments from 

Highway 58 south to the confluence of Arapahoe Gulch and Clear Creek. 

The roles that these features play in drainage are discussed in Section 6.   

3.1.4 Arapahoe Gulch Study Reaches and Conveyance Capacity 

For evaluating the current drainage system, it is useful to conceptualize the following study 

reaches (sections of the drainageway) for Arapahoe Gulch (moving from downstream to 

upstream): 

• From Clear Creek upstream to Highway 58, an area characterized by older 

residential and commercial development, with many structures dating back to 

the early to mid-1900s, or earlier.   

• Highway 58 north upstream to approximately 2nd Street—again, an area 

largely characterized by older residential neighborhoods.  Highway 58 serves 

as a boundary because during large storms, it acts as a dam and backs water 

up to the north.   

• From 2nd Street upstream to the north, east, and west to the upper reaches of 

areas that include new (1990s) commercial and residential development, as 

well as the Highway 93 Bypass.  This reach extends to the west of Highway 

93, to the upper street in the subdivision.   

• Undeveloped, steep hillside land west of the subdivision to the top of the 

drainage area. 
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Exhibit 2 is a plan view of the drainage system, while Figure 6 provides a profile of the system.  

Arapahoe Gulch is not included on any FIRM or FHAD maps, nor do any of the property owners 

who WWE interviewed have flood insurance.  (Note:  properties near the confluence of 

Arapahoe Gulch and Clear Creek are located in the Clear Creek 100-year floodplain, as defined 

on Exhibit 7.) 

In 1992, TST was retained by the City to prepare a master drainage plan for the City.  Arapahoe 

Gulch was included in the TST study.  TST delineated 10-year floodplain maps for Arapahoe 

Gulch.  The 10-year floodplain defines areas that would be inundated by flooding on average 

once every 10 years and, therefore, represents areas of frequent flooding relative to floodplains 

that would be delineated in a FIRM or FHAD, which are based on a 100-year event.   The TST 

maps are included herein as Appendix C.  The TST maps show a substantial 10-year floodplain 

from 2nd Street downstream to Clear Creek.   

The conveyance capacity of the current drainage facilities (i.e., the ability to convey floods of 

various magnitudes and return frequencies) is described briefly below; additional analysis is 

provided in Section 6.  Assessments of conveyance capacity, in this report, are based upon the 

analysis of WRC (on behalf of the UDFCD, Jefferson County and City) in 1995 and 1997, TST 

(1992), WWE (1983), and analysis that WWE has conducted in July and August 2004.   

Reach from Clear Creek to Highway 58:  Arapahoe Gulch between Highway 58 and Clear Creek 

consists of alternating reaches of buried pipe and open channel.  Buildings in this reach are 

located in close proximity to the channel.  Some buildings have floor elevations that are near 

grade, leaving them susceptible to flooding.  Properties were flooded in this reach during the 

June 27, 2004 flood.  The carrying capacity of piped drainageway conveyances ranges from 

approximately 130 cubic feet per second (cfs) upstream of 8th Street to 220 cfs upstream of 10th 

Street.  The conveyance capacities of open channel sections of Arapahoe Gulch below Highway 

58 generally have greater capacity than piped sections.  The 48-inch diameter pipe upstream of 

8th Street is the most severe constriction along this reach of Arapahoe Gulch and limits flows to 

130 cfs, approximately ½ of the capacity required for the 5-year event for development 

conditions at the time WRC completed the 1995-1997 Master Plan.  Once the drainageway 
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capacity is exceeded, overtopping and overland flow will occur.  Flow that overtops upstream of 

8th Street spreads out as sheet flow and has little opportunity to re-enter the drainageway. 

Another factor to consider in evaluating flooding in this reach is overflow from the Church 

Ditch.  The Church Ditch diverts from the north bank of Clear Creek approximately two miles 

upstream from downtown Golden.  The ditch is owned, operated and maintained by other public 

and private entities and not by the City.  During periods of intense rainfall the ditch intercepts 

runoff from upslope areas along its flow path and may fill to capacity and spill in various 

locations.  There are culverts that are constrictions in the Church Ditch up-ditch from Arapahoe 

Gulch that reportedly caused the ditch to overflow to the south and west of Arapahoe Gulch 

during the June 27, 2004 event. City staff who observed Church Ditch overflows on June 27, 

2004 stated that spillage into Arapahoe Gulch was not significant compared to flows in 

Arapahoe Gulch upstream of the Church Ditch. 

Highway 58 to 2nd Street:  Arapahoe Gulch from Highway 58 upstream to 2nd Street also consists 

of alternating reaches of buried pipe and open channel.  In those reaches where pipe capacity is 

exceeded, flows move along the ground surface through driveways, alleys, yards, etc.  Highway 

58 effectively acts as a dam during large floods at the downstream end of this reach.  The 1995-

1997 Master Plan indicates the pipe capacity beneath Highway 58 is limited to approximately 

130 cfs. 

Many buildings are located in close proximity to the Arapahoe Gulch channel along this reach, 

and have basements or first floor elevations at or near grade.  This reach can be conceptualized 

as a “trough” with steep side slopes and many structures.  As discussed in Section 5, during the 

June 27, 2004 flood, properties were impacted in this reach and some homes had substantial 

damage.  The residence owned by Philip and Kaye Ricciardi (located between Highway 58 and 

6th Street) was severely impacted, as shown in the attached photographs.   

2nd Street to Upper Boundaries of Residential Development:  The conveyance system from 

approximately 2nd Street upstream to the uppermost portion of the residential development west 

of Highway 93 consists of storm drains, open channels, and detention ponds that have been 

constructed in the past decade.  The area includes Mitchell Elementary School, and surrounding 
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residential areas.  These facilities were designed according to criteria from the UDFCD and 

Jefferson County applicable at the time of development.  The City is not aware of any buildings 

that flooded in this reach.  

Undeveloped Area in Headwaters:  The final reach of Arapahoe Gulch is in the steep, 

undeveloped headwaters area west of the Canyon Point subdivision.  Flows from the 

undeveloped area are conveyed through the Canyon Point subdivision, typically in buried 

pipelines.  Field investigations conducted in July 2004 indicated that these channels carried large 

flows in the June 27, 2004 event.  Various reports note that this area has very high runoff 

potential, due to Type D soils and shallow bedrock.   

The limited conveyance capacity of Arapahoe Gulch, from approximately 2nd Street to Clear 

Creek, was discussed by WRC (1995 and 1997), TST (1992), and WWE (1983), as follows:   

From WRC (1995 and 1997)—From 2nd Street to Clear Creek, the 

existing culverts are of inadequate capacity to convey the fully developed 

5-year runoff without overtopping of the culverts and associated street 

crossings.  The City of Golden has identified this area as one that is 

subject to more frequent flooding.  In addition, 100-year runoff from a 

fully developed watershed will overtop all culverts downstream of the 

State Highway 93 crossing.  Although a detailed floodplain analysis was 

not part of the scope of this project, approximate hydraulic methods 

indicated that, without improvements, upwards of 15 and 30 structures 

would be flooded between Iowa Street and Clear Creek during a 5-year 

and 100-year future conditions flood event, respectively.  A majority of 

these structures are located between State Highway 58 and Clear Creek.  

It is expected that State Highway 58 under Washington Street will flood 

during a 100-year runoff event and that flows will potentially overtop west 

of the Washington Street interchange and return to the Arapahoe Gulch 

channel south of State Highway 58. 
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From TST (1992)—The existing channel has very low capacity due to an 

overgrowth of vegetation and debris throughout.  The channel capacity is 

further limited by constrictions in the channel width caused by the 

presence of retaining walls and adjacent structures.  There are seven 

hydraulic structures, such as culverts and road crossings, located in 

Arapahoe Gulch between the Highway 93 extension downstream to the 

confluence with Clear Creek.  The existing capacity of these structures is 

limited not only by size, but also by clogging with sediment and debris 

(trash, tree stumps, etc.). 

WWE (1983)—It should be pointed out that none of the downstream 

channels, either on Magpie Gulch or Arapahoe Gulch, are currently 

capable of conveying the 100-year runoff… Arapahoe Gulch flows 

through a residential and commercial neighborhood that is vulnerable to 

flooding from this undersized drainageway. 

3.1.5 Recent Improvements to Arapahoe Gulch 

WWE asked City staff to prepare a summary of improvements to Arapahoe Gulch that have been 

made since the early 1990s, the time when significant commercial/residential development 

upstream from 2nd Street began.  These improvements are summarized in Table 3.  Further 

discussion of these improvements is provided in Section 8.   
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TABLE 3 

Arapahoe Gulch Improvements from the  
Early 1990s to the Present  

(Information provided by City Staff) 

Nature of 
Improvement Location Date 

Headwall/culvert 2nd Street Mid-1990s 
Additional inlets 5th Street Mid-1990s 
Upgraded inlets 6th Street Late 1990s 
Piped section 8th- 9th Street Mid-1990s 
Storm drain 8th Street to Clear 

Creek 
2002 

 

3.2 Golf Course Tributary 

In addition to evaluating Arapahoe Gulch, described in Section 3.1, WWE investigated the Golf 

Course Tributary, which is shown on Exhibit 4.  This area is tributary to Kenneys Run.  The 

eastern boundary of the Golf Course Tributary drainage area is approximately Ford Street; the 

western boundary of the drainage area is the top of Lookout Mountain; the northern boundary is 

approximately 19th Street, while the southern boundary is approximately 24th Street.   

The total size of the Golf Course Tributary area delineated in Exhibit 4 is about 380 acres.  Of 

this total, roughly 280 acres are located west and upstream of Highway 6, while about 100 acres 

are located east and downstream of Highway 6.  The high point in this drainage area is the top of 

Lookout Mountain, at an elevation of approximately 7,400 feet, while the low point, at Ford 

Street, is at an elevation of approximately 5,720.  Slopes in areas range from 2 to 3% (east of the 

course) to over 25% (west of Highway 6).  The steepest slopes occur on the far west side of the 

drainage area, which is on the east face of Lookout Mountain.  Vegetation varies from native 

grasses, shrubs, and evergreens on Lookout Mountain to irrigated turf in residential areas and on 

the golf course.   

When considering the rainfall-runoff characteristics of this area, it is useful to conceptualize the 

following three zones: 
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1. The area west of Highway 6—is approximately 60% open space and 40% 

developed, primarily with residences (impervious area ranges from 30% to 40%).  

The open space areas are well vegetated and have soils that produce significant 

runoff.   

2. The area east of Highway 6 and west of Illinois Street—is now the northern part 

of the City’s Fossil Trace Golf Course.  Historically, much of this area was mined 

for clay and was referred to as the Parfet Clay Pits.  The remainder of the area 

was open space or agricultural land.  Attached photographs show the area prior to 

the golf course.  When the City assumed ownership of the property from Mr. 

Parfet, the City proceeded to remediate the mined area (which included waste fly 

ash) and to grade the site for the golf course.  In its current condition as a golf 

course, most of the area has irrigated turf or native vegetation, although there are 

still claystone and sandstone outcrops that lack vegetation.  Hydrologic soil 

classification on the golf course is problematic, because the area was historically 

mined; extensive regrading of the area has occurred; topsoil has been imported for 

the golf course; and there is an impermeable barrier beneath some of the course 

(where fly ash disposal occurred).  Substantial detention storage was constructed 

as a part of the golf course.   

 A significant drainage feature at the Fossil Trace Golf Course is the Welch Ditch.  

The Welch Ditch (which diverts irrigation water from Clear Creek approximately 

three miles west of downtown Golden) generally trends from northwest to 

southeast across the golf course.  When the golf course was constructed by the 

City in the early 2000s, approximately 200 feet of the ditch  (beginning at the 

north course boundary) were placed into a 36-inch diameter pipe so that the 

fairway for Hole #13 could pass over the ditch.  At the end of the piped reach, the 

ditch reassumes its historic (open channel) characteristics.  After 300 feet, there is 

a golf cart path crossing of the ditch.  Downstream of this crossing, the ditch is an 

open channel to Illinois Street.  During runoff events, the Welch Ditch intercepts 
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overland flow, where it is an open channel.  Road and cart path crossings of the 

ditch are flow constrictions in large floods.   

3. The area east of Illinois Street and west of Ford Street—this area includes 

primarily residential development, with homes dating back to the mid-1900s.  

Due to the impervious area, slopes, and nature of the drainage system, the 

rainfall-runoff response in this area is rapid.   

3.2.1 Conveyance System and Associated Capacity 

The storm drainage conveyance system for the Golf Course Tributary area can be briefly 

described as follows; more detailed information is provided in Section 7.  No part of this area is 

shown in a FHAD or FIRM, and none of the property owners WWE interviewed have flood 

insurance.   

The area west of Highway 6 drains primarily via steep, high-velocity natural channels to 

Highway 6, where flows are carried beneath the highway via culverts.  The largest of these 

drainage channels is to the north.  This channel continues to the east, and eventually discharges 

into the Welch Ditch, just upstream from (north of) the golf course. 

Runoff from the course moves as either overland flow or in underdrains from west to east, with 

flows leaving the course at 21st and Illinois Street.  Detention is provided in many locations, as 

shown on Exhibits 4 and 5, and the attached photographs.  Little runoff from this portion of the 

course drains directly offsite; it must first pass through the detention areas.  The Welch Ditch 

transects this area.  At the north boundary of the course, the ditch changes from an open channel 

into a pipe that runs for approximately 200 feet, and then back to an open channel to Illinois 

Street.  Golf course flows are captured via a drainage system and conveyed beneath the Welch 

Ditch.  As discussed in Section 7, the Welch Ditch overflowed during the June 27, 2004, June 8, 

2004, and July 29, 2003 floods.  The overflow occurred immediately upstream from a golf cart 

path crossing of the ditch between Holes #13 and #14 (this crossing is shown in the photographs 

behind the report). 
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The runoff from the golf course discharges at the intersection of Illinois Street and 21st Street.  

At this location, the water moves eastward down 21st Street.  At the intersection of 21st and 

Cheyenne Street, the water turns to the north on Cheyenne until it reaches 20th Street.  At this 

intersection, flows again turn eastward on 20th and move downslope towards the Kenneys Run 

channel located at 20th and Ford.  There are no storm drains from the intersection of 21st and 

Illinois downslope until the intersection of 20th and Washington.  Therefore, all flows are 

conveyed in the streets.  Local residents told WWE that street and yard flooding has been 

common for as long as people have lived in the neighborhood (in some cases, over 30 years).  At 

least every two years, based on homeowner estimates, street flows have been large enough to 

exceed the street carrying capacity and inundate yards.   

The conveyance capacity of the drainage system below this part of the golf course has not been 

evaluated by the City until recently.  There is an ongoing drainage study by TST (on behalf of 

Golden) that will lead to the design and construction of a storm drain from the Kenneys Run 

channel at Ford and 20th upstream to the intersection of 24th and Illinois.  This storm sewer 

system will have sufficient pipe and inlet capacity for at least the 5-year storm.   

WWE was not asked to evaluate flood problems for any of the drainage area from the top of 

Lookout Mountain to the eastern boundary of the golf course.  Instead, WWE was asked to focus 

on the flow path from Illinois Street east to Ford and 20th (to the Kenneys Run channel).  This 

analysis is provided in Section 7. 

4.0 GOLDEN FLOOD HISTORY 

Written flood history documentation is available for drainages in the vicinity of Golden, 

including Arapahoe Gulch, Magpie Gulch, Tucker Gulch, Kenneys Run, and Clear Creek.  Most 

of this documentation has been obtained from FHAD studies and is summarized in Sections 4.1 

to 4.3.  In addition, WWE conducted interviews with many people following the June 2004 

floods concerning flood history of Arapahoe Gulch and the Golf Course Tributary.  This 

information is summarized in Section 4.4.  The historic photographs referred to below are 
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provided at the back of the report, behind the photographs of Arapahoe Gulch and the Golf 

Course Tributary. 

4.1 Arapahoe Gulch and Magpie Gulch 

WRC (1995) identified no written record for flood events in the Arapahoe and Magpie Gulches 

area during the course of outfall systems planning.  Only sparse complaints regarding drainage 

problems were noted by WRC for Arapahoe Gulch and were mainly related to channel 

maintenance.  For Magpie Gulch, flooding complaints were primarily related to overflows of the 

Church Ditch when normal irrigation flows were surcharged with runoff from Magpie Gulch and 

other sources.  The only record of significant flooding was from a single event in 1923.  

According to the USGS, this event resulted from a cloudburst on July 26, 1923 and resulted in 

the deposition of a gravel dam in Clear Creek of up to 10-feet-high from Magpie Gulch.  Based 

on high watermarks, this flood had an estimated peak flow of about 1,900 cfs.  According to 

observers, the rainfall event and subsequent flood lasted less than one hour (WRC 1995). 

4.2 Tucker Gulch and Kenneys Run   

In 1983, Muller Engineering prepared a description of flooding history for Tucker Gulch and 

Kenneys Run as part of a FHAD report for that area.  Newspaper accounts and other historical 

records of flooding in the Golden area date as far back as 1864.  A number of the accounts 

pertained to flooding on Clear Creek with little or no mention of flooding on Tucker Gulch or 

Kenneys Run (e.g. floods of 1864, 1888 and 1933).  Although no stream flow records exist for 

either Tucker Gulch or Kenneys Run, other reports of  past flooding did give a clear picture of 

the flood damage potential of these two normally dry streams.  The newspaper articles and past 

reports researched as part of this study provided information regarding six major flood events on 

Tucker Gulch (Golden Gate Canyon) and Kenneys Run over the past 130 years.  The floods of 

1872, 1896, 1941, 1948, 1965, and 1973 were reported as follows: 
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Flood of July 14, 1872—Rocky Mountain News.  July 16, 1872 

Those who have ever witnessed a waterspout will bear testimony to 

its appalling nature.  One of these curious phenomena occurred on 

the Central Stage Road in Golden Gate Gulch, 4 miles above the 

town of Golden, on July 14 about 4 o’clock…Presently a violent 

commotion, with confusion of sounds like the tumult of the 

elements, was heard high up in the mountains.  Then came a 

tremendous torrent of water, bearing trees and boulders, and 

calculated to astonish and terrify by its magnitude, force and 

violence.  The horses, seeing that they were to be sacrificed to the 

prodigious volume, took fright, and shying to one side upset the 

carriage and all occupants were pitched into the bottom of the 

gulch.  In an instant, as it were, and before they [Mr. Jack Virden 

and family] could recover their feet, the wave, with a 

perpendicular breast of 10 or 12 feet, was upon them and licked 

them up like the sands of the gulch.  Mrs. Virden clung to her 

husband, and he, by miraculous chance, got hold of a limb and 

held fast until the flood subsided… 

Flood of July 24, 1896—Colorado Transcript.  July 29, 1896 

Nothing like it had ever been witnessed before… 

Before the rainfall even partially ceased, the water in the creek 

began to raise rapidly, bringing down flood-wood, railroad ties, 

trees and all manner of debris and to add to the horror, at about 8 

o’clock a tremendous wall of water came down Tucker Gulch on 

the north side of Clear Creek, forcing its way through the center of 

town, carrying death and destruction in its path.  At the point 

where the gulch debuches [sic] through a narrow passage in 

Clark’s Garden Addition watermarks show that the body of water 
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must have been fully 30 feet deep. 

The Great Flood of 1896, which occurred on July 24 of that year, has been called the greatest 

disaster in the history of Jefferson County and one of the worst natural disasters in Colorado 

history (Gardner 1996).  The flood resulted from a sudden, intense rainstorm that took 29 lives 

and caused extensive property damage.  Torrents of water were documented running down 

slopes and through Cressmans and Tucker Gulches and Clear Creek, Mount Vernon Creek, Cub 

Creek and Bear Creek.  The flood progressed from Evergreen, through Bear Creek into 

Morrison.  In Mount Vernon Canyon, several people were also killed.  Golden was “under siege” 

from floodwater from two directions, taking out all bridges and forcing the electric plant to shut 

down.  On Tucker Gulch, 33 feet of water reportedly swept a woman away as it passed through a 

narrow point where her house stood.  The flow split at the abandoned Golden Glass Works 

(southwest corner of Eighth and Ford streets), sending a torrent down Washington Street with 

the rest of the flows down the Gulch.  The Gulch waters smashed the back of the Treffeisen 

Building (northeast corner of 10th and Ford) and splintered a tiny frame cottage next to it.  The 

Burgess House (1015 Ford) was extensively damaged and lost one of its buildings.  The Boston 

building (now the site of Parfet Park) was knocked off its foundation and nearly destroyed.  Up 

Clear Creek, miles of railroad track were twisted (Gardner 1996).  

Flood of June 25, 1941—Jefferson County Republican.  June 26, 1941 

HEADLINE:  Golden Visited By Biggest Flood in Forty-Five Years 

A rain in the mountains to the north and west of Golden was 

estimated at from two to five inches and came within about a 

thirty-minute period.  Soon afterwards Clear Creek, Tucker Gulch 

and its tributaries were raging torrents washing everything in its 

path… 

In northeast Golden, one family was driven from their home, many 

others were put on guard to protect their property, at least two 

bridges were washed out, including the tramway bridge on 44th… 
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…Many of the homes in the Tucker Gulch section were littered 

with debris and given a nice coating of mud.  City street employees 

are credited with hauling 153 loads of mud from one block on 9th 

Street, between Jackson and Ford.  As the water left the banks of 

Tucker Gulch, it quickly filled the basement home of the 

Oppenlander family who escaped by crawling out of a window… 

As the water reached sufficient height it overflowed into Ford 

Street, some turned west on 9th, then south on Washington across 

the corner of the park, across the lawn of the Nazarene Church 

and on into Clear Creek… 

…Just below the Coors greenhouse, four head of cattle and a 

brown bear were washed upon shore, evidently they had come 

from several miles upstream. 

The biggest loss, no doubt, was the extensive damage to the 

highway in Golden Gate Canyon… 

Flood of June 7, 1948—Rocky Mountain News.  June 8, 1948 

HEADLINE:  Golden Flash Flood Damage Near $500,000 

A cloudburst in the mountains northwest of Golden sent a 25-foot 

wall of water flashing down normally dry Tucker Gulch through 

the northern section of Golden early yesterday causing damage 

estimated at between a quarter and a half million dollars. 

Although no one was reported killed or injured seriously, three 

small houses and two railway and three automobile bridges were 

washed away, basements’ [sic] flooded and lawns and streets 

covered with tons of silt and debris. 
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The stream in the canyon, normally only a trickle, soon was out of 

its banks and washed out State Highway 58 in several places. 

Another wall of water poured down Crawford’s Gulch and into 

Golden Gate Canyon and then on to the outskirts of Golden where 

a third normally dry gulch, Christman [sic] Gulch, poured 

additional water into the stream.  The water from the three streams 

poured into Tucker Gulch and backed up behind a bridge carrying 

the railway spur to the Golden Fire Brick Co. plant, north of town. 

When the bridge was washed out, the wall of water swept on down, 

carrying out the second railway bridge, the three automobile 

bridges and the main gas line of the Colorado Wyoming Gas Co.… 

Old timers in Golden were in disagreement as to whether 

yesterday’s flood was worse than the one in 1896. 

—Jefferson County Republican.  June 9, 1948 

…Although two houses were swept from their foundations and 

dissolved in the roaring torrent and many thousands of dollars 

damage was done no lives were lost in the spectacular flash flood 

which descended on north Golden from Tucker Gulch early 

Monday morning.  It was estimated to have been the most serious 

in the City’s history. 

Advance warning of the oncoming wall of water, telephoned to 

Golden and relayed by sheriff’s radio and Golden’s police 

department, is credited with having prevented any loss of life. 

Flood of July 23-24, 1965 
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Similar to past events, heavy rainfall resulted in severe flash flooding of Tucker 

Gulch through Golden.  It was reported that 4.5 inches fell within a 1-hour period 

in the Tucker Gulch basin, exceeding the estimated 1-hour 100-year precipitation 

by a factor of 1.8.  (Note:  By comparison, an average of 3.9 inches of rain fell in 

2 hours in the Arapahoe Gulch drainage area on June 27, 2004.)  In the lower 

reaches of Tucker Gulch, the floodwaters were reported to have spread over about 

17 blocks, causing an estimated $112,000 damage to 69 residences, three 

commercial enterprises, three railroad bridges, four street bridges, and utility 

lines.  Local sources recalled that major damage to streets, bridges, and utilities 

resulted from the high channel velocities carrying large debris and silt, blocking 

bridges and forcing floodwaters down streets. 

Photographs of the 1965 flood provide an illustrative account of this major flood 

event and are included in the photograph section of this report.  The descriptive 

captions were provided by Vic Seiferth, who was then City Engineer for Golden. 

Flood of May 6, 1973—Golden Daily Transcript.  May 7, 1973 

Golden’s Tucker Gulch, which is the drainage route from Golden 

Gate Canyon, became a galloping torrent of muddy water enroute 

to its junction with Clear Creek near the Coors Brewery.  The 

gulch, which was channelized after a bad flood in 1965, seemed to 

be bearing up well under the onslaught of the waters into the early 

afternoon, but the dirt banks began to give way about 4 p.m. 

around 7th Street near the Colorado 58 overpass. 

By evening, the waters of Tucker Gulch had eaten away the fill 

around the east end of the bridge and threatened the bridge itself.  

The Adolph Coors Company supplied the City of Golden with a 

large bulldozer, which wallowed in the muddy waters pushing fill 

into the rapidly disappearing banks.  The bridge was saved, 
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though a portion of a City tile sewer line adjacent to the bank was 

carried away in the flood. 

Another familiar source of flooding in Golden was Kenneys [sic] 

Run, a gulch which drains part of Lookout Mountain and comes 

through Golden into Clear Creek.  The relentless rain was too 

much for the most often dry gulch, and its waters spilled over onto 

Golden Road at a point next to the Lookout Mountain School for 

Boys.  The water there joined with another torrent from south 

Table Mountain and closed down Ford and Jackson Streets for 

part of the day. 

Many homes in the area, particularly around Ford and Jackson at 

21st, were badly hit by the rising waters, their basements filling up 

like bathtubs. 

4.3 Clear Creek 

Gingery Associates (1979) provided a flood history of Clear Creek in Adams and Jefferson 

Counties in support of the FHAD for that area.  Flooding in the Clear Creek basin was described 

as relatively infrequent.  Between 1864 and 1979, 12 floods were reported on Clear Creek and its 

tributaries with no reported loss of life.  Gingery provided descriptions of the floods of August 

1888, June 1956, and July 1965 and identified these as being typical of available information: 

Flood of August 1888 

This flood resulted from cloudbursts on the eastern slope of the 

front range of the Rocky Mountains.  A discharge of 8,700 cfs was 

reported at the mouth of Clear Creek Canyon.  This is the largest 

measured discharge in the history of this gauging station, which is 

located 1.5 miles upstream from Golden.  (Gingery 1979) 

Flood of June 1956 
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Unusually heavy snowmelt runoff resulted in the failure of the 

Georgetown Dam located about one mile downstream from 

Georgetown.  The peak discharge passing the gauge above Golden 

was 5,250 cfs.  By the time the crest reached the gauging station 

near the mouth of Clear Creek, it was reduced to 2,880 cfs.  

(Gingery 1979) 

Flood of July 23-26, 1965 

On July 23rd and 24th, during severe storms over the headwaters of 

Clear Creek and Tucker Gulch, 4.5 inches of rain was reported to 

have fallen in Tucker Gulch in an hour, which caused flash 

flooding in Golden.  Flooding, however, extended only a short 

distance downstream.  In Golden, floodwaters from Tucker Gulch 

spread over about 17 blocks and caused an estimated $112,000 

damage to 69 residences, three commercial enterprises, three 

railroad bridges, four street bridges and utility lines.  At 

Georgetown, debris blocked the channel and diverted the waters 

down a street, thereby causing extensive washing of the surface 

and the flooding of several basements.  (Gingery 1979) 

4.4 Additional Information Regarding Flooding History Gained from Recent 
Interviews  

Table 4 summarizes key information regarding flooding history for Arapahoe Gulch, while Table 

5 provides the same information for the Golf Course Tributary, based on recent interviews 

conducted by WWE.  In general, these interviews indicate that:  1) floods in Arapahoe Gulch 

have been infrequent, despite the undersized nature of the drainageway from 2nd Street 

downstream to Clear Creek, and 2) street flooding in the neighborhood east (downslope) of the 

northern part of the Fossil Trace Golf Course has been common for many years, going back 

before development of the site as a golf course.   



Engineering Evaluation of June 8 and 27, 2004 Floods in Golden, Colorado  
for Arapahoe Gulch and Fossil Trace Golf Course Tributary 

 

 
021-164.010 Wright Water Engineers, Inc. Page 31 
August 2004   

 

TABLE 4 

Key Information Regarding Arapahoe Gulch Flooding History,  
Based on Recent WWE Interviews 

Person Interviewed Key Information Regarding Flooding History 
Philip and Kaye Ricciardi  
(819 6th Street) 

Have lived in their home for 25 years.  Aside from June 27, 2004 flood, 
experienced flooding only one other time, 17 years ago.  During that event, 
floodwaters reached a depth of approximately 1 foot on the lawn and there was 
no flooding in the house.   

Dan Richard  
(819 6th Street, previous resident) 

Previous owner of residence currently owned by the Ricciardis.  He stated that 
this home experienced significant flooding in 1965.   

James Hoskavik  
(830 2nd Street) 

Bought home in 1954.  Stated that he experienced no problem with flooding until 
development occurred in the upper part of the watershed during the 1990s.  His 
home was flooded in 1991 when straw bales that were being used for upstream 
erosion control floated downstream and plugged the culvert adjacent to his 
house.  This episode led Golden to install an additional culvert adjacent to Mr. 
Hoskavik’s property, and beneath 2nd Street. 

Dan Hartman, P.E. and  
Ron Reavis 
City of Golden employees 

Flooding occurred on June 27, 2004; July 29, 2003; in 1992-93 at the Montessori 
School at 8th and Cheyenne, and in 1991 when the Hoskavik property was 
flooded due to straw bales plugging a pipe inlet.  Not aware of flooding on 
Arapahoe Gulch prior to 1991 (Mr. Hartman has worked for the City since 1988 
and Mr. Reavis has since approximately 1980). 

Ludwick Goppenhammer  
(812 5th Street) 

Currently owns 812 5th Street; previously also owned 808 5th Street.  Home 
flooded during July 29, 2003 and June 27, 2004 storms.  No flooding in 15 years 
prior to 2003 event.  Less flooding in 2003 than 2004. 

John Hickam 
(810 10th Street) 

Home flooded on June 27, 2004; no prior flooding, dating back to 2001 when he 
purchased home. 

Wendy Matusik 
(808 5th Street) 

Home flooded during July 29, 2003 and June 27, 2004 floods.  No flooding of 
home between 1993 and 2003. 

Keith and JoAnn Thistlewood 
(423 Arapahoe) 

Purchased home in 1955.  Their home has never flooded (it is situated above the 
channel).  The Thistlewoods recall significant flooding in Arapahoe Gulch during 
1965.  They recollect other flows between 1965 and June 2004, but could not 
remember specific dates or depths.  Their sense was that certain homes with 
basements situated to the east (downhill) of them and near the channel, 
periodically had problems with water in basements. 

 
 



Engineering Evaluation of June 8 and 27, 2004 Floods in Golden, Colorado  
for Arapahoe Gulch and Fossil Trace Golf Course Tributary 

 

 
021-164.010 Wright Water Engineers, Inc. Page 32 
August 2004   

 

TABLE 5 

Key Information Regarding Golf Course Tributary Flooding History,  
Based on Recent WWE Interviews 

Person Interviewed Key Information Regarding Flooding History 
Robert Tranberg 
(1921 Washington Street) 

Home was flooded two times in 2003 and three times in 2004.  No flooding 
between 1992 and 2003. 

Vern Wagner 
(2011 Cheyenne Street) 

Resident at this address for 34 years.  Described history of regular street flooding 
during this time.  Mr. Wagner described the flow path through the neighborhood, 
from the intersection of 21st and Illinois downslope to the intersection of 20th and 
Washington.  He noted that roughly every two years, the street is filled to 
capacity and flows extend into yards, to varying extents.  Structure flooding, 
however, has been rare.  He stated that four years ago, a waterline burst at the 
same time that there was precipitation and this combination caused flooding of 
his neighbor to the north. 

Scott and Karen Dennis 
(1000 21st Street) 

Have owned their home since 1990, although rented home from 1999 to 2004, 
while they were living on the east coast.  Their remarks were very similar to Mr. 
Wagner’s (above), including regular street flooding and flows through residents’ 
yards.  They also mentioned wintertime ice build-up in the gutters as a major 
problem that goes back many years. 

Harold Lee 
(808 20th Street) 

Was in his home during both the June 8, 2004 and June 27, 2004 floods.  Water 
levels were not as high during June 8, 2004 storm as June 27, 2004 storm.  His 
observations were also consistent with Mr. Wagner’s; namely, he recalls regular 
street flooding, with street filled to capacity and flow in people’s yards (to varying 
degrees) roughly every two years.  

Dan Hartman, P.E.  
(City employee) 

Has received periodic complaints regarding neighborhood drainage while he has 
worked for the City, since 1988.  Also recollects that Welch Ditch overflowed in 
reach between north side of golf course and Illinois Street two times between 
1988 and 2003, when golf course opened. 

 

WWE discussed with City staff the possibility of conducting door-to-door surveys (interviews) 

for those reaches of Arapahoe Gulch and the Golf Course Tributary that are most susceptible to 

flooding.  However, the City of Golden determined that it was not necessary for WWE to 

proceed with this level of detail because:  1) the interview information that WWE received was 

consistent; 2) the City thought that the CWCB might conduct such a survey, during its 

investigation of the June 2004 floods in Golden, and 3) if the CWCB were to not conduct this 

survey, City of Golden staff could do so, if necessary.  WWE believes that it is very likely that 

additional interviews would be consistent with the interviews that we have conducted to date and 

that our analysis and findings reflect a representative cross section of neighborhood property 

owners. 

When describing flooding history in Arapahoe Gulch and the Golf Course Tributary, property 

owners told WWE that they have complained to City staff about the situation.  The following 
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briefly summarizes the history of complaints regarding Arapahoe Gulch to the City.  Note that 

Section 8.1 provides a detailed summary of citizen questions and complaints: 

• Mr. James Hoskavik has complained periodically since his property was 

flooded in 1991. 

• Ms. Wendy Matusik complained following the 2003 and 2004 floods of her 

property.   

• Mr. Ludwick Goppenhammer has regularly complained to the City about 

drainage since the July 2003 flood.  During WWE’s interview with Mr. 

Goppenhammer, he described the factors that, in his opinion, have aggravated 

downstream flooding in the areas with new development.  He also offered 

suggestions for mitigating the problem in Lower Arapahoe Gulch. 

• Mr. Philip Ricciardi has criticized the City following the June 27, 2004 flood 

for failure to adequately manage the runoff from areas of new development.  

In addition, Mr. Ricciardi was previously a member of the City Planning 

Commission, and in this capacity, he expressed concerns about the City’s 

approach to drainage.   

• Mr. John Hickam complained about inadequate maintenance at the Arapahoe 

Gulch channel and conduits near his home (810 10th Street) following the June 

27, 2004 flood. 

A brief synopsis of the history of complaints on the Golf Course Tributary includes: 

• Mr. Vern Wagner has regularly expressed his concern to the City Public 

Works Department about inadequate neighborhood drainage and the absence 

of a storm drain.  Mr. Wagner has provided the City with observations from 

the neighborhood, written correspondence and photographs.  Mr. Wagner 

graciously provided WWE with copies of photographs that he took during the 

2003 and 2004 floods, and these photographs are attached.  Mr. Wagner’s 
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concerns go beyond localized flooding and include ice buildup, sediment in 

drainage water, street deterioration, new runoff from infill development and 

modifications to the intersection of 19th and Illinois, pending modification to 

Illinois (which could result in more runoff), and mosquitoes from the wetland 

area on the golf course. 

• Mr. Robert Tranberg has had meetings/discussions with Public Works staff, 

dating back to March 2004, related to the frequent flooding of his home and 

upstream changes in the drainage area.   

5.0 OVERVIEW OF JUNE 8 AND 27, 2004 FLOODS, INCLUDING RAINFALL 
DATA ANALYSIS 

5.1 Description of June 2004 Events 

Section 5 summarizes the June 8 and 27, 2004 floods in Arapahoe Gulch and the Golf Course 

Tributary.  On June 8, 2004, precipitation began at about 8:30 p.m. and continued for roughly 45 

minutes.  What was especially noteworthy about the June 8, 2004 event, however, was that large 

amounts of hail occurred, causing extensive damage in some areas to vehicles, rooftops, siding, 

outdoor improvements, and other features.  In addition, the hail blocked storm drain inlets and 

changed flow paths, which increased surface flooding.   

The June 27, 2004 flood was severe and unusual.  As discussed in Section 5.2, the calculated 

rainfall return frequency for this event in Arapahoe Gulch upstream from Highway 58 was 

beyond 100-years.  Precipitation began in the late afternoon.  Over a time span of about 2 hours, 

as much as 4.5 inches of rain fell in the Arapahoe Gulch drainage area, with a weighted average 

precipitation over the drainage area of 3.9 inches.  By contrast, the official 2-hour storm 

duration, 100-year return frequency rainfall amount from the UDFCD is about 3.1 inches.  

Rainfall intensities were very high, and this factor (along with others, such as steep slopes, soils 

with low permeability, urbanized areas, and others) caused flood peaks to rise rapidly throughout 

Golden.  Arapahoe Gulch and the Golf Course Tributary were especially hard hit. 
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Both storms caused property damage, from both surface flows and, on June 8, 2004, from hail.  

Attached photographs show representative flood damages in Arapahoe Gulch, and the Golf 

Course Tributary.  City staff know of certain structures that flooded in one or both of the June 

2004 floods; this information is summarized in Table 6.  Because a comprehensive, door-to-door 

survey has not yet been conducted, there may be other properties that flooded during one or both 

of these storms, which were not reported to the City. 

TABLE 6 

Structures Damaged in June 2004 Storms by Flood Flows 
In Arapahoe Gulch and Golf Course Tributary, Not Including Hail Damage 

(Based on Information Collected by City)1

Arapahoe Gulch (AG) or 
Golf Course Tributary (GC) Address Type of Structure Remarks 

AG 810 10th Street Residence -- 
AG 819 6th Street Residence Surveyed high water marks 

6 ft to 7 ft above ground 
AG 812 5th Street Residence Home flooded in July 2003 
AG 808 5th Street Residence -- 
AG 830 2nd Street Residence Home flooded in 1991 due 

to straw bales plugging pipe 
outlet adjacent to residence 

GC 1921 Washington 
Street 

Residence 5 episodes of home 
flooding in 2003 and 2004 

GC 1905 Washington 
Street 

Residence -- 

1 The City did not comprehensively survey damaged properties following either of the June 2004 events.  The information in this table 
is based upon complaints and other calls to the City, field observations by Public Works and Street Department staff, and other 
information.   

 

Some property owners suffered severe losses.  For example, the residence owned by Philip and 

Kaye Ricciardi (819 6th Street) was essentially destroyed by the June 27, 2004 flood.  

Photographs at the end of the report show the loss at the Ricciardi property, and at other homes.  

In the Golf Course Tributary drainage area, homes near the intersection of 20th and Washington 

were damaged.  For example, the residence owned by Robert Tranberg (1921 Washington Street) 

incurred significant damage in both the June 8 and 27, 2004 storms.  The home immediately to 

the north (1905 Washington Street) sustained water damage during the June 27, 2004 event.  

Many homes below the golf course were severely damaged by hail on June 8, 2004. 
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The City has not yet been able to develop flood loss estimates for either of the June 2004 storms.  

Based on surveyed high water marks, photographs, interviews, and field observations, WWE 

catalogued homes impacted by the June 27, 2004 flooding.  WWE attempted to develop a 

floodplain inundation map for the event, based on this information, but found that data were 

insufficient to prepare such a map, especially given the allowable timeframe for this report.  The 

catalogue of impacted properties assembled by WWE demonstrates that more structures were 

inundated on Arapahoe Gulch than the Golf Course Tributary on June 27, 2004.  However, some 

buildings were damaged in the Golf Course Tributary drainage area downslope from the Fossil 

Trace Golf Course, and there was extensive street and yard flooding in this area.     

The June 27, 2004 flood left high water marks at many locations that were field surveyed and 

utilized by WWE to calculate estimated peak flood flows, and to check detention ponds to 

determine whether they functioned as designed.  Although these ponds filled as they received 

runoff, none of them actually spilled (spillway overflows were not observed), based on field 

observations of City staff.   

Flood depths in structures ranged from very shallow (wet carpets in basements) to approximately 

6 to 7 feet at the Ricciardi residence.  Hydraulic analysis (described in Section 6) shows that 

velocities in some locations in Arapahoe Gulch downstream from 2nd Street exceeded 8 feet per 

second (fps).  There were dangerous combinations of flood depth and velocity at many locations 

in both study areas during the June 27, 2004 storm.  Some of the streets in the study areas were 

not safe to drive on during both of the June 2004 storms.  Fortunately, there were no reported 

injuries due to floodwaters in either of the June 2004 events.   

Interviews indicate that the property owners who sustained damage during the June 2004 floods 

in Arapahoe Gulch and the Golf Course Tributary did not have flood insurance.  In fact, many of 

the property owners interviewed by WWE stated that they were unaware until the June 2004 

floods that they lived in an area with significant flood risk, or that it would have been prudent to 

obtain flood insurance.   

The City rapidly mobilized staff in both of the June floods.  Street maintenance staff worked at 

clearing debris, sandbagging, checking flows, etc. at many locations in Arapahoe Gulch and the 
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Golf Course Tributary.  For example, the Welch Ditch overflowed on the golf course, and City 

staff placed sandbags in an attempt to keep flows in the ditch.  Emergency response personnel 

(fire and police) also mobilized rapidly; traffic control was a major activity.   

There was considerable print and broadcast media coverage of the June 2004 storms.  Video 

from Channels 4 and 7 was useful for engineering analysis and is available for review at the 

offices of the City or WWE.   

5.2 Evaluation of Rainfall Data, Including Calculation of Rainfall Return 
Frequency 

5.2.1 Approach to Rainfall Evaluation 

WWE’s rainfall evaluation was multi-faceted.  First, data for the rainfall events of June 8 and 

27, 2004 were obtained and analyzed.  Secondly, because there were reports of some flooding in 

Arapahoe Gulch and the Golf Course Tributary on July 29, 2003, data for that storm were 

obtained and evaluated.  After obtaining data for these three precipitation events, WWE 

developed time distributions of the rainfall, to provide input for the hydrologic models described 

in Sections 6 and 7 (hydrologic models refer to techniques that predict peak flow rates 

hydrographs, and runoff volumes, for specified rainfall and drainage area characteristics).  The 

next step was to calculate return frequencies (probabilities of occurrence) for the June 8 and 27, 

2004 and July 29, 2003 events.  To provide another indication regarding the probability of these 

three events, WWE analyzed long-term precipitation data from various gauges near Golden, and 

determined the number of days when daily rainfall amounts exceeded 1 inch, 2 inches, and 3 

inches.  



Engineering Evaluation of June 8 and 27, 2004 Floods in Golden, Colorado  
for Arapahoe Gulch and Fossil Trace Golf Course Tributary 

 

 
021-164.010 Wright Water Engineers, Inc. Page 38 
August 2004   

 

5.2.2 Rainfall Data Sources and Data Review 

The rainfall evaluation task began by gathering and analyzing data.  WWE gathered data and 

other information for the three specified rainfall events and for rainfall frequency/intensity/ 

duration relationships in Golden.  Representative information/data sources included: 

• Urban Drainage and Flood Control District 

• Colorado State Climatologist’s Office 

• National Weather Service  (Note: the National Weather Service does not 

currently maintain a station in Golden).   

• Colorado School of Mines 

• Coors Brewing Company 

• U.S. Geological Survey 

• Property owners who have rain gauges 

The most important sources of rainfall data for the three specific events were the UDFCD (with 

its “ALERT” rain gauge network, which is used for flash flood prediction), the Colorado State 

Climatologist (which maintains a network of rain gauges per a program known as “CoCoRaHS,” 

or “Colorado Communities Rain and Hail Study”) and private property owners.  Locations of the 

specific rain gauges utilized by WWE in our analysis are shown in Figure 2.   

After obtaining rainfall amounts and durations for the June 2004 and July 2003 events for the 

gauges shown in Figure 2, lines of equal precipitation, referred to as “isohyetal contours,” or 

“isohyets” were developed using a mathematical technique known as “kriging” using standard 

software (ARCINFO, developed by ESRI).  Isohyets for the June 27, 2004 storm are provided as 

Figure 3; for the June 8, 2004 storm in Figure 4; and for the July 29, 2003 storm in Figure 5.  

These figures were checked for reasonableness by staff with the UDFCD. 
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Interviews with Golden residents and City staff and inspection of photographs indicate that there 

was substantial hail during the June 8, 2004 storm.  Extensive hail damage, including broken 

windows and damage to rooftops, siding, automobiles, and other property, was common.  WWE 

was unable to locate official measurements of hail depths.  No wind direction and velocity data 

in Golden for any of the three storms analyzed were available, so no wind-adjustments were 

made to measured precipitation amounts. 

At UDFCD “ALERT” stations, hyetographs (measuring rainfall quantities as a function of time) 

were available for the three storms.  Seven ALERT stations were utilized in this capacity.  With 

this information, it was feasible to generate 5-minute hyetographs for the rainfalls that occurred 

in Golden, which were required for the hydrologic models described in Sections 6 and 7.  In 

addition, rainfall intensity graphs were prepared for hydrologic analysis using the rational 

formula, which was used selectively for checking.   

5.2.3 Calculation of Rainfall Return Frequencies 

The return frequencies of the July 29, 2003 and June 8, 2004 rainfalls (which were less than 100-

year storms) were calculated by comparing measured amounts against 

intensity/duration/frequency curves for the Golden area developed by the University of Colorado 

at Denver, UDFCD, and WWE. The June 27, 2004 storm duration was between 1.5 and 2.0 

hours, and this was conservatively rounded to 2 hours for the purpose of regression analysis so 

as not to overstate the recurrence interval of the event.   

Return frequencies for rainfall events in the Arapahoe Gulch and Golf Course Tributary areas are 

summarized in Table 7.   
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TABLE 7 

Estimated Return Frequencies* of Selected Storms Occurring Over  
Arapahoe Gulch and the Golf Course Tributary Drainage Areas 

Date Drainage Area Precipitation 
(inches) 

Duration 
(minutes) 

Return 
Frequency 

Range 
(years) 

Arapahoe Gulch 1.40 35 25-50 July 29, 2003 Golf Course Tributary 0.75 35 5-10 
Arapahoe Gulch 1.25 60 10-25 June 8, 2004 Golf Course Tributary 1.50 60 25-50 
Arapahoe Gulch 3.90 120 >100 June 27, 2004 Golf Course Tributary 2.25 120 50-100 

* Return frequency means the expected frequency of occurrence of a specified rainfall event.  For example, a “10-year 
return frequency” means that over a long period of record, the given rainfall (measured in terms of both the amount of 
precipitation and storm duration) should occur about once every 10 years. 

 
The regression calculations for the June 27, 2004 storm were also reviewed for reasonableness 

by the UDFCD. 

To further characterize the return frequency of the June 27, 2004 rainfall event, WWE examined 

peak rainfall intensities for shorter intense periods of rainfall that occurred during the storm.  The 

peak 15-, 30-, and 60-minute interval rainfall intensities were 1.41, 2.21, and 3.09 inches/hour, 

respectively.  These compare to 100-year peak rainfall intensities for 15-, 30-, and 60-minute 

intervals of 1.58, 2.19, and 2.78 inches/hour.  

Table 8 summarizes the number of days that daily (24-hour) rainfall totals exceeded 1, 2, and 3 

inches at various weather stations with long-term records in the vicinity of Golden.  These 

stations were utilized because Golden does not have a suitable gauge with a long-term record. 

TABLE 8 

Number of Days When Total Daily Precipitation Exceeded 1 inch,  
2 inches, or 3 inches at Specified Weather Stations 

Weather Station Years of Record # Days > 1 inch # Days > 2 inch # Days > 3 inch 
Ralston Reservoir 22 56 8 1 
Wheat Ridge – 2 19 46 11 1 
Lakewood 38 101 15 0 
Kassler 52 118 16 2 
Evergreen 39 89 12 1 
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Table 8 demonstrates that events on the order of magnitude of the June 27, 2004 storm are 

extremely rare and corroborates the recurrence interval calculations discussed above. 

6.0 EVALUATION OF ARAPAHOE GULCH DRAINAGE SYSTEM DURING 
JUNE 2004 FLOODS 

6.1 Background and Approach 

As stated earlier in this report, Arapahoe Gulch experienced heavy rainfall on July 29, 2003; 

June 8, 2004; and June 27, 2004.  Because the rainfall on June 27, 2004 caused the greatest 

flooding of these three events in the Arapahoe Gulch basin, and because more data suitable for 

engineering analysis (i.e., high water marks, debris lines, video footage, etc.) were available for 

this event than the other events, WWE’s analysis focused on the June 27, 2004 event.  

Interviews conducted by WWE indicate that one of the major concerns of property owners is that 

the City authorized new development in upstream portions of the Arapahoe Gulch drainage area 

(in general, upstream from 2nd Street) without providing adequate downstream outfall capacity.  

Property owners have expressed concern about:   

• Increased peak discharges 

• Increased runoff frequency 

• Increased runoff volume 

• Replacement of natural stream channels with “engineered” channels, which 

typically increase flows and cause the loss of in-channel storage 

• Changes in flow paths and patterns, which concentrate flows, thereby 

increasing downstream peaks 

In association with this new development, Arapahoe Gulch residents have posed such questions 

as: 
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• Are there enough detention ponds in the new developments; are they large 

enough and were they properly designed?  Would additional detention have 

reduced flooding damages during the June 27, 2004 flood?   

• If the improvements jointly recommended by the UDFCD, Jefferson County, 

and the City in 1995-97 had been implemented, what effect would this have 

had on the June 27, 2004 flood?   

The purpose of Section 6 is to summarize the hydrologic and hydraulic analyses performed by 

WWE to answer these questions.   

The new development that is the focus of these questions is discussed in Section 3.  Exhibits 2 

and 3 provide location maps, and photographs are provided at the back of the report.  Planning 

and design of the new development generally began in the late 1980s, with construction in the 

1990s.  This development includes the Canyon Point Shopping Center; residential development 

on the west side of Highway 93; residential development immediately east of the Canyon Point 

Shopping Center; Mitchell Elementary School; residential areas surrounding Mitchell 

Elementary School; and the Highway 93 Bypass.   

WWE’s approach to evaluating the performance and adequacy of the existing drainage system 

was three-fold, consisting of the following components: 

1. WWE performed computer modeling of the June 27, 2004 event including 

examination of a variety of “what if” scenarios to address citizen questions and 

concerns.  For this modeling analysis, WWE used the Colorado Urban 

Hydrograph Procedure (CUHP) and Urban Drainage Stormwater Management 

(UDSWM) models.  These models for the Arapahoe Gulch watershed were 

developed by WRC on behalf of UDFCD, Jefferson County and the City for the 

1995-1997 Arapahoe Gulch Master Plan Study4 and, in this application by WWE, 

were modified to evaluate “what if” scenarios in a comparative manner.  This 

model schematic is shown in Figure 7. 
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2. WWE collected and analyzed field data following the June 27, 2004 flood.  Data 

and analysis included surveyed high water marks and debris lines, and calculation 

of estimated peak flow rates based on this evidence.  WWE met with ICON and 

the CWCB to review flow estimation technique and results, as they performed 

similar analysis for the Arapahoe Gulch channel just downstream from Highway 

93. 

3. WWE reviewed drainage and flood control planning and design documents for 

the upstream commercial and residential developments, Mitchell Elementary 

School, and the Highway 93 Bypass.  This review is provided in Section 6.4.  Due 

to scope and time constraints, WWE’s review of these documents was limited in 

nature and amounted to a “reasonableness check.”  WWE focused on whether the 

engineering work appears to be consistent with a reasonable standard of care.  

6.2 Modeling of June 27, 2004 Arapahoe Gulch Drainage System Flooding 

This section presents results of WWE’s modeling of the Arapahoe Gulch drainage system 

flooding on June 27, 2004.  This section describes the hydrologic computer models used, model 

input, “what if” scenarios and results. 

6.2.1 Nature of Hydrologic Computer Model 

To perform the Arapahoe Gulch watershed analysis, WWE used computer models that are the 

“gold standard” for drainage analysis in the Denver metropolitan area.  We applied the 

CUHP/UDSWM models supported by UDFCD for our analysis.  The CUHP model accounts for 

factors including watershed area, development (imperviousness), slope, infiltration, and other 

factors to calculate runoff from rainfall.  The UDSWM model takes runoff values from CUHP 

for watersheds within a basin (Arapahoe Gulch in this analysis) and routes runoff through the 

drainage system consisting of culverts, storm sewers, open channels and ditches, detention 

ponds, and other components to determine hydrographs, peak flow rates, and runoff volumes at 

design points (locations) throughout the watershed.   
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For this analysis, WWE used models developed by WRC as a part of the Arapahoe Gulch 1995-

1997 Master Plan.   Exhibit 3 shows model elements from CUHP/UDSWM overlain on aerial 

photography with watershed sub-basin boundaries, design points, routing elements, and 

detention facilities.  The 1995-1997 Master Plan models were used for the following reasons: 

1. The models were readily available and there was not sufficient time to develop 

independent models. 

2. The models used were developed by WRC for master planning purposes in the 

Arapahoe Gulch watershed for a project sponsored by UDFCD, Jefferson County, 

and the City.   

3. The models used provided the basis of recommendations in the 1995-1997 Master 

Plan prepared by WRC for UDFCD, Jefferson County, and the City.  

4. The models developed by WRC include evaluations of the 1995 condition, 

projected future development conditions, and scenarios with possible 

drainageway improvements.  Note:  WWE made modifications to the models to 

reflect June 27, 2004 watershed conditions and applied the models to evaluate 

alternative scenarios that are discussed in the following sections.  

5. Major drainageway master plans co-sponsored by UDFCD such as the one for 

which these models were developed are commonly referred to and recognized as 

the guiding documents for addressing major drainageway needs in the Denver 

metropolitan area. 

6. The UDSWM model utilizes a calculation procedure originally developed by the 

U.S. Environmental Protection Agency (USEPA) Stormwater Management 

Model (SWM) and somewhat modified by the Omaha Corps of Engineers Region 

for their use in urban drainage studies.   

7. The CUHP part of the model was developed by UDFCD using regional data.  The 

model allows users to input a unique precipitation distribution for the June 27, 
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2004 event and calculate watershed response (runoff) for that event assuming that 

the rainfall records used were accurate and representative of the spatial and 

temporal distribution of the rainfall during this event.   

8. Quick “reasonableness” checks (such as computing unit rates of runoff) indicated 

that it would be reasonable to use the 1995-1997 Master Plan models. 

As with any models that are applied, there are assumptions and limitations including the 

following for the models applied in this study:   

1. Model output is only as good as the model input used to generate it.  In building 

the original 1995-1997 Master Plan models, WRC relied on the best available 

information for model input, drainage network configuration, rainfall data, and 

other factors, along with acceptable engineering assumptions.   

2. WWE’s application of the models took into consideration best available 

information as of July 2004 to determine current watershed characteristics and the 

actual storm event precipitation distribution and rainfall totals.   

3. In some cases, conservative assumptions were applied by WRC (and 

consequently by WWE by virtue of using the master plan models).  These include 

the use of “direct flow” or “non-routing” elements for some conveyances, which 

directly translate hydrographs from one node in the model to another without 

accounting for the natural attenuation (reduction) in peak flows that typically 

occurs as flows move down a conveyance such as an open channel.  This 

approach typically yields conservative peak flow estimates.   

When applied to actual precipitation events, as opposed to the design storms used for master 

planning, model results are not considered to be predictive.  Rather, the results produced by this 

model should be considered appropriate for relative/comparative assessments of various 

scenarios.  This is how the CUHP/UDSWM models have been applied in the WRC master 

planning study.  WWE discussed modeling procedures and results with UDFCD and WRC.   
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6.2.2 Precipitation for Modeling 

WWE used two precipitation events for modeling.  First, design storm distributions from the 

1995-1997 Master Plan for the 100-year event (and other less frequent events) were used to 

initially replicate WRC results (to assure that the models were working as originally set up).  

Then the estimated June 27, 2004 event rainfall under June 2004 watershed development 

conditions was input, as well as for a number of  “what if” scenarios under those conditions.  For 

evaluation of the June 27, 2004 event, WWE applied the temporal distribution from the Van 

Bibber Creek rain gauge on June 27, 2004 to a precipitation total for the Arapahoe Gulch 

watershed.  The latter was estimated using four nearby rain gauges (recording only total event 

precipitation) and their relative distance from the centroid of the Arapahoe Gulch watershed.  

The Van Bibber gauge is approximately 2 miles from the Arapahoe Gulch watershed.  WWE 

also analyzed temporal distribution from the Jefferson County Fairgrounds (south) and from the 

National Renewable Energy Laboratory (NREL—located southeast) and found very similar 

temporal rainfall distributions when compared to the Van Bibber gauge.  Additional discussion 

of precipitation during the June 27, 2004 storm is provided in Section 5. 

6.2.3 Model Scenarios 

WWE analyzed five scenarios to evaluate the effect of upstream development (new commercial 

and residential area above 2nd Street), pre-1990s development (older portions of Golden below 

2nd Street), and a number of hypothetical drainage improvements, on the flooding that occurred 

on June 27, 2004.  Results of our analysis are presented in Section 6.3.  Figure 8 presents 

modeled peak flow rates for each of the scenarios below at key locations in the watershed. 
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6.2.4 Model Simulations and Results 

WWE applied the 1995-1997 Master Plan models for the following actual and “what if” 

scenarios to evaluate the June 27, 2004 rainfall and flooding. 

6.2.4.1 Scenario 1—June 2004 Arapahoe Gulch Watershed (Drainage Area) 
Conditions 

WWE modified model input for the WRC models to reflect development conditions in the 

Arapahoe Gulch watershed (also referred to as “drainage area” in this report) as of June 2004.  

WWE applied field observations and aerial photography analysis to determine June 2004 

watershed imperviousness, drainage basin characteristics, and drainage infrastructure.  We first 

ran the model for the 100-year event from the 1995-1997 Master Plan to define modeled 100-

year flow rates at key locations in the watershed.  Results are shown in Table 9. 

TABLE 9 

Arapahoe Gulch Model 100-year Master Plan Peak Flow Rates  
for 2004 Watershed Development Conditions1

 

 

Design Point2 Location Peak Flow (cfs) 
387 Highway 93 & Iowa Drive Intersection 650 

389 Highway 93 & Washington Street 
Intersection 350 

308 Arapahoe Gulch Upstream of 2nd Street 920 
306 Arapahoe Gulch Upstream of Highway 58 990 
002 Arapahoe Gulch at Clear Creek 1,030 

1 As noted in the text, the CUHP/UDSWM model uses conservative assumptions to predict flows.  Values 
presented in this table are not intended to represent actual flows; however, they are used as a basis for 
comparison for flows from modeled alternatives. 

   2 Refers to numbering system in computer model, as shown on Figure 8. 

Next, WWE input the June 27, 2004 precipitation into the model for current (June 2004) 

development conditions.  Results, including a comparison with 100-year model peak flow rates, 

are presented in Table 10.   
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TABLE 10 

Comparison of 100-year Master Plan Peak Flow Rates with June 27, 2004  
Modeled Peak Flow Rates for 2004 Watershed Development Conditions1

Design 
Point2 Location 100-yr Peak 

Flow (cfs) 
June 27, 2004 Peak 

Flow (cfs) 
387 Highway 93 & Iowa Drive Intersection 650 850 
389 Highway 93 & Washington Street Intersection 350 480 
308 Arapahoe Gulch Upstream of 2nd Street 920 1,200 
306 Arapahoe Gulch Upstream of Highway 58 990 1,280 
002 Arapahoe Gulch at Clear Creek 1,030 1,310 

1 As noted in the text, the CUHP/UDSWM model uses conservative assumptions to predict flows.  Values presented 
in this table are not intended to represent actual flows; however, they are used as a basis for comparison for flows 
from modeled alternatives. 

   2 Refers to numbering system in computer model, as shown on Figure 8. 

 

As expected, given the fact that precipitation in the gauges in the watershed indicated that the 

June 27, 2004 rainfall event was greater than the 100-year event, runoff peaks from the WWE 

model of June 2004 conditions also exceeded 100-year modeled peak flow rates.     

6.2.4.2 Scenario 2—Evaluation of Effect of Imperviousness Created by the New 
Residential/Commercial/School Development 

In response to concerns expressed by residents in the Arapahoe Gulch drainage area, WWE 

performed simulations to determine the relative effect of the increased impervious area and 

decreased watershed response times created by the new development (on both sides of Highway 

93).  To do this, WWE removed the effect of the impervious area from the 1990s development 

by reducing model inputs for this parameter to pre-development values.  WWE also adjusted 

watershed response times accordingly.   

When the area was developed, six detention ponds were constructed with the intention of 

limiting post-development peak flow rates to pre-development levels for the 10- and 100-year 

storm, consistent with local requirements.  To evaluate the pre-development conditions, WWE 

also removed the detention facilities from the model.  Model results for peak flow rates are 

summarized for key locations in Table 11. 
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TABLE 11 

Comparison of June 27, 2004 Modeled Peak Flow Rates  
With and Without New Urban Development1

Design Point2 Location 

June 27, 2004 
Peak Flow (cfs) 

With New 
Development 

June 27, 2004 Peak 
Flow (cfs) Without 
New Development 

387 Highway 93 & Iowa Drive Intersection 850 890 
389 Highway 93 & Washington Street 

Intersection 
480 520 

308 Arapahoe Gulch Upstream of 2nd 
Street 

1,200 1,240 

306 Arapahoe Gulch Upstream of 
Highway 58 

1,280 1,370 

002 Arapahoe Gulch at Clear Creek 1,310 1,440 
1 As noted in the text, the CUHP/UDSWM model uses conservative assumptions to predict flows.  Values presented in this 

table are not intended to represent actual flows; however, they are used as a basis for comparison for flows from modeled 
alternatives. 

   2 Refers to numbering system in computer model, as shown on Figure 8. 

 

The results in Table 11 show that in terms of model peak flow rates during the June 27, 2004 

event, the new development caused no increase in peak flow rates (results actually show a slight 

decrease in peak flow rates).  The six detention ponds, in conjunction with modified sub-basin 

discharge response times, are responsible for this finding.  It is important to recognize that this 

finding applies to the June 27, 2004 flood, and does not necessarily apply to all other storms that 

could be evaluated.  For example, the new development is expected to increase peak discharge 

rates for small, frequently occurring storms (i.e., 2- to 5-year) since the detention pond outlets 

used a 10- and 100-year design basis.  The results of this analysis show that even without the 

new development, the flooding experienced by downstream residents on June 27, 2004 would 

have been essentially the same.   

As a reasonableness check on this scenario, WWE performed rational method peak flow 

calculations for only the older neighborhoods between approximately 2nd Street and Highway 58 

(excluding all areas of new development) using the rainfall intensity from the June 27, 2004 

event.  The rough projected peak flow rates from these calculations of 300 to 400 cfs would have 

been enough to cause significant flooding given June 27, 2004 conditions in the Arapahoe Gulch 
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watershed.  It is notable that this rough estimate using the rational formula agrees well with the 

field-based peak flow estimates from debris line and high water mark data. 

6.2.4.3 Scenario 3—Over-detention (25% Additional Volume for All Detention 
Facilities) 

The next scenario evaluated by WWE was the “what if” scenario of over-detention (by 25% in 

terms of storage volume) for development in the watershed above 2nd Street.  WWE increased 

pond capacity for facilities upstream of 2nd Street that existed in 2004 by 25% to determine the 

response.  Results are shown in Table 12.   

TABLE 12 

Comparison of June 27, 2004 Modeled Peak Flow Rates with  
Scenario of 25% Additional Detention Storage Volume1  

Design 
Point2 Location June 27, 2004 

Peak Flow (cfs)

June 27, 2004 Peak Flow 
(cfs) with 25% Additional 

Detention 

Percent 
Reduction Due 
to Additional 

Detention 

387 Highway 93 & Iowa Drive 
Intersection 850 800 6  

389 Highway 93 & Washington 
Street Intersection 480 410 14  

308 Arapahoe Gulch Upstream of 
2nd Street 1,200 1,100 8  

306 Arapahoe Gulch Upstream of 
Highway 58 1,280 1,170 8  

002 Arapahoe Gulch at Clear 
Creek 1,310 1,210 8  

1 As noted in the text, the CUHP/UDSWM model uses conservative assumptions to predict flows.  Values presented in this table are 
not intended to represent actual flows; however, they are used as a basis for comparison for flows from modeled alternatives. 

   2 Refers to numbering system in computer model, as shown on Figure 8. 

 

The results in Table 12 demonstrate the benefits of over-detention, with the greatest reduction in 

peak flow rates occurring at the Highway 93 and Washington Street intersection (14%).  

Downstream, where June 27, 2004 flood damage occurred, reductions would have been less than 

10%.  This difference would not have prevented the damage to downstream property during the 

June 27, 2004 flood, with the possible exception of the properties that were most peripherally 

affected.   
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6.2.4.4 Scenario 4—1995-1997 Master Plan Recommended Improvements 
Implemented 

WWE modified the models for the June 27, 2004 rainfall and watershed conditions to examine a 

“what if” scenario if the June 27, 2004 event had occurred after all of the recommended 

structural improvements in the 1995-1997 Master Plan by WRC had been implemented.  This 

included increased storage volumes in several detention facilities, as well as improvements to 

selective pond outlets to control the 5-year event.  Increased conveyance capacity was also 

included for reaches in the model for which it was proposed in the preliminary design report.  

Results at key locations in the Arapahoe Gulch watershed are summarized in Table 13.   

TABLE 13 

Comparison of June 27, 2004 Modeled Peak Flow Rates with Scenario  
of Implementation of All Master Plan Recommended Improvements1

Design 
Point2 Location 

June 27, 
2004 
Peak 

Flow (cfs)

June 27, 2004 Peak 
Flow (cfs) with 

Master Plan 
Improvements 
Implemented 

Percent 
Reduction Due 
to Master Plan 
Improvements 

387 Highway 93 & Iowa Drive 
Intersection 850 850 0  

389 Highway 93 & Washington 
Street Intersection 480 480 0  

308 Arapahoe Gulch Upstream 
of 2nd Street 1,200 1,140 5  

306 Arapahoe Gulch Upstream 
of Highway 58 1,280 1,180 8  

002 Arapahoe Gulch at Clear 
Creek 1,310 1,230 6  

1 As noted in the text, the CUHP/UDSWM model uses conservative assumptions to predict flows.  Values presented in 
this table are not intended to represent actual flows; however, they are used as a basis for comparison for flows from 
modeled alternatives. 

   2 Refers to numbering system in computer model, as shown on Figure 8. 

 

As with the scenarios described in the preceding sections, the results in Table 13 show that 

implementation of all master plan-recommended structural improvements would have had little 

effect on model peak flow rates for the June 27, 2004 event.  Properties that experienced 

flooding damage would have sustained damage even if 1995-1997 Master Plan structural 
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improvements had been implemented.  As with the scenario of over-detention, the impact of 

structural improvements on reducing peak flows from smaller storms (i.e., 2- to 5-year) would be 

greater. 

6.2.4.5 Scenario 5—Evaluation of Informal Detention Area Upstream of 6th 
Street 

WWE reviewed correspondence between the City and the property owner of the site containing 

the informal detention area (a stretch of open channel approximately 12 feet deep) upstream of 

6th Street to determine when and why the detention area was filled.  WWE also interviewed City 

staff and the Ricciardi family (whose residence is immediately downstream of 6th Street) 

regarding the size of the detention area prior to it being piped and filled, and what attenuation 

effect it may have had on storm flows in the Arapahoe Gulch. 

Correspondence between the City and the property owner, Ms. Deane Johnson, show that the 

detention area was piped and filled no earlier than 1996 in response to Ms. Johnson’s plan to use 

the detention area/open channel as a parking lot for an adjacent property.  A new segment of pipe 

was installed to connect the existing 42-inch upstream pipe to the existing 48-inch downstream 

pipe.  An inlet and manhole to the new piped section were installed to allow for inflow from the 

parking area and new curb inlets to the piped gulch were added on 6th Street.  Mr. Ricciardi 

provided sketches produced from memory of the detention area location and dimensions, which 

WWE used to conservatively estimate stage-storage-discharge characteristics of the detention 

area/open channel for modeling this scenario.  Mr. Ricciardi believes that the flooding at his 

property would have been diminished if the detention area had not been piped and filled.  WWE 

corroborated Mr. Ricciardi’s sketches with pictures of the detention area and notes taken by 

WRC during their field investigation in preparation of the 1995-1997 Master Plan. 

The Ricciardi family also expressed concern about the area available for stormwater to enter 

Arapahoe Gulch following the piping and filling of the detention area.  When the detention area 

was filled, the area for overland flow entering the channel was reduced to slot openings in the 

manhole cover in the area that is now a parking lot and the inlets on 6th Street. 
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In response to the Ricciardi family’s concerns, WWE evaluated a “what if” scenario for the 

June 27, 2004 event that included the effect of the detention area/open channel that existed 

immediately upstream of 6th Street prior to when it was directly piped, filled, and converted into 

a parking area.  Modeled peak flow rates for the June 27, 2004 event for this scenario are shown 

in Table 14.   

TABLE 14 

Comparison of June 27, 2004 Modeled Peak Flow Rates with  
Scenario of Detention Upstream of 6th Street1

Design 
Point2 Location 

June 27, 
2004 Peak 
Flow (cfs) 

June 27, 2004 Peak 
Flow (cfs) with 

Detention Upstream 
of 6th Street 

Percent Reduction 
Due to Detention 
Upstream of 6th 

Street 

387 Highway 93 & Iowa Drive 
Intersection 850 850 0  

389 Highway 93 & Washington 
Street Intersection 480 480 0  

308 Arapahoe Gulch Upstream 
of 2nd Street 1,200 1,200 0  

306 Arapahoe Gulch Upstream 
of Highway 58 1,280 1,280 0 

002 Arapahoe Gulch at Clear 
Creek 1,310 1,310 0 

1 As noted in the text, the CUHP/UDSWM model uses conservative assumptions to predict flows.  Values presented in this 
table are not intended to represent actual flows; however, they are used as a basis for comparison for flows from modeled 
alternatives. 

   2 Refers to numbering system in computer model, as shown on Figure 8. 

 

The results show that the detention area/open channel would have had no significant impact on 

the extent of damages incurred on properties downstream of 6th Street during the June 27, 2004 

flooding event.  This is consistent with the small capacity (less than 1 acre foot [AF]) of the 

detention area/open channel that existed upstream from 6th Street relative to the overall runoff 

volume from the June 27, 2004 event, which exceeded 100 AF, and the fact that the outflow pipe 

was larger than the inflow pipe.   
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6.2.5  Modeling Summary 

Multiple “what if” scenarios were evaluated to determine what impacts drainage improvements, 

decreased development, and other alternatives would have had on peak flows during the June 27, 

2004 event.  The modeling results allow the following conclusions: 

• Modeled peak flows from the June 27, 2004 event were approximately 30% to 

40% higher than those modeled for the 100-year event. 

• New development did not increase peak flows experienced by downstream 

residents. 

• Increased detention for the new development would have provided negligible 

decreases in flows and damages. 

• Implementation of recommended improvements from the 1995-1997 Master 

Plan would have produced little effect on peak flows for the June 27, 2004 

event. 

• The informal detention area (which was actually a reach of open channel) 

upstream of 6th Street would not have provided reduced flooding at the 

Ricciardi residence. 

6.3 Analysis of Flood Flows Based on Debris Lines, High Water Marks, and 
Other Field Observations 

As mentioned above, the modeling that WWE applied from the 1995-1997 Master Plan was for 

relative/comparative purposes rather than predictive ones.  The model used was developed as a 

planning tool and was useful for the purpose of relative/comparative analysis.  To obtain an 

estimate of actual flood flows from the June 27, 2004 event, WWE performed hydraulic analysis 

based on debris lines, high water marks, and field observations following the June 27, 2004 

event.  It should be noted that peak flow estimates based on debris lines, high water marks, and 

field observations after-the-fact must be viewed as coarse estimates.  Debris rises and falls as 
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floodwaters rise and recede; high water marks are influenced by the hydraulic characteristics of 

structures on which they leave their mark; and field observations shortly after flooding are not as 

reliable as measurements collected during an event.  In addition, property owners clean up and 

restore sites, thus removing evidence of flooding. 

Debris was present during the June 27, 2004 event and would have had an effect at culvert 

entrances to some degree.  Two of the primary locations selected by WWE for peak flow rate 

calculations were open channel areas where debris was not expected to be a major clogging 

factor, and WWE performed sensitivity analysis with channel roughness parameters to factor in 

the potential influence of debris entrained in flow at these locations.  All flows presented in this 

section should be viewed as estimates.  Nonetheless, these field observations and measurements 

provide useful estimates of peak flows based on physical observations and measurements rather 

than models.  WWE applied common engineering methods, including the slope-area method, 

culvert analysis modeling, and weir flow calculations at street overtopping locations to estimate 

peak flow rates from the event.   

WWE met with ICON and CWCB in August 2004 to discuss flow estimates based on debris 

lines and high water marks and to review their peak flow estimate at a location upstream from 

WWE’s estimates.  The ICON estimate was somewhat lower than WWE’s estimates.  Meeting 

attendees agreed that given the upstream location of the ICON estimate, the downstream 

locations of the WWE estimates and the general margin of uncertainty in flow estimates based 

on debris lines and high water marks, that both WWE and ICON estimates reasonably agreed 

with each other and with actual observed conditions. 

6.3.1 WWE Calculations at Locations Along Arapahoe Gulch 

WWE calculations at locations along Arapahoe Gulch from just downstream of 2nd Street to 

upstream of Highway 58 indicate a peak flow rate along this stretch of Arapahoe Gulch of 

approximately 400 cfs.6  Estimates downstream of Highway 58 fall in the same range.   

                                                 
6  WWE calculated estimated peak flow rates based on high water marks and debris lines ranging from 250 to 400 

cfs.  To examine sensitivity of peak flow estimates to debris line uncertainty, WWE adopted a technique used 
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6.3.2 Significance of Peak Flow Estimates Based on Field Data 

WWE discussed differences between 1995-1997 Master Plan model peak flow rates and peak 

flow rates based on field observations with Ben Urbonas, P.E., of UDFCD.  These differences 

are not of concern for the following reasons: 

1. Master planning models are based on design storms, not actual precipitation that 

caused high water marks and debris lines.   

2. Master planning models are intentionally conservative and often do not account 

for attenuation and, by UDFCD policy, do not account for inadvertent storage 

(road crossings, localized flooding, and other factors) over which local 

jurisdictions have little or no control. 

3. The models used for master planning (and in the previous section for 

relative/comparative purposes) are planning models, not predictive models.  To 

proceed with design, much more detailed field analysis and flow routing would be 

necessary.   

WWE examined master plan-recommended improvements in light of peak flow estimates of 

approximately 400 cfs.  To accomplish this, WWE analyzed improved detention and conveyance 

improvements for the preferred alternative in the 1995-1997 Master Plan and performed 

additional simulations using the 1995-1997 Master Plan models to generate flows typical of 

those estimated from debris lines and high water marks from the June 27, 2004 event.  WWE 

performed this modeling by adjusting the total precipitation input in the CUHP model until flows 

modeled were in the range of the field-estimated values.  Table 15 shows model-generated flows 

                                                                                                                                                             
by ICON Engineering, on behalf of the CWCB, of calculating peak flow rates assuming that the maximum 
flood level was actually 6 inches higher than the measured debris line in the field (the debris line serves as a 
minimum indicator of water surface elevation—debris may recede as floodwaters fall).  Assuming debris line 
elevations 6 inches higher than measured would result in estimated peak flow rates for Arapahoe Gulch 
downstream of 2nd Street of  400 to 600 cfs.  This should be considered an upper bracket on likely peak flows.  
Given the range of estimated peak flows of approximately 250 to 400 cfs based on actual debris lines and high 
water marks and the potential for an even higher range of peak flow rates based on sensitivity analysis, this 
report refers to peak flow estimates for Arapahoe Gulch as being “approximately 400 cfs.” 
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at design points with the precipitation total adjusted to provide results similar to field-estimated 

flow rates from June 27, 2004.  The purpose of this modeling exercise, while not based on actual 

precipitation data, was to determine how 1995-1997 Master Plan recommended facilities would 

have performed for field-estimated flows from June 27, 2004. 

TABLE 15 

Comparison of June 27, 2004 Field-Estimated Peak Flow Rates  
(Modeled Results) with Scenario of Implementation of All  

1995-1997 Master Plan Recommended Improvements 

Design 
Point Location 

June 27, 
2004 Peak 
Flow (cfs) 

June 27, 2004 Peak 
Flow (cfs) with 1995-

1997 Master Plan 
Improvements 
Implemented1

Percent Reduction 
Due to 1995-1997 

Master Plan 
Improvements 

387 Highway 93 & Iowa Drive 
Intersection 260 170 35 

389 Highway 93 & Washington 
Street Intersection 140 60 57 

308 Arapahoe Gulch Upstream of 
2nd Street 380 250 34 

306 Arapahoe Gulch Upstream of 
Highway 58 400 270 33 

002 Arapahoe Gulch at Clear 
Creek 410 280 32 

 1 Based on adjustments to mimic field-estimated peak flows. 

 

The results in Table 15 show that greatest benefits of implementation of 1995-1997 Master Plan 

improvements, given field-estimates of peak flow rates, would have been realized where 

additional storage was provided (Design Points 387 and 389).  Areas downstream of 2nd Street, 

upstream of 6th Street, and below Highway 58 would have realized decreases in peak flow rates, 

which may have resulted in reduced flooding. 

The results in Table 15 have the following implications for these locations where flooding 

damage occurred on June 27, 2004: 

1. 2nd Street vicinity—following the flooding that occurred in 1991, to supplement 

the existing culvert, the City added an additional culvert to upgrade the 2nd Street 
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culvert crossing.  During the June 27, 2004 event, this area flooded despite the 

upgrade.  Residents reported debris at the culvert’s entrances that contributed to 

reduced culvert capacity (Note:  the City had installed trash/debris racks at the 

entrance to the culverts prior to the 1991 flooding when erosion control measures 

including straw bales obstructed flow when trapped in trash/debris racks.  The 

City removed trash/debris racks in response to complaints and installed the 

additional culvert in response).  According to the 1995-1997 Master Plan, the 2nd 

Street crossing had a capacity of approximately 270 cfs.  Therefore, given the 

approximately 400 cfs field-estimated peak flow from the June 27, 2004 event, 

the flooding that occurred was to be expected.  Had all of the 1995-1997 Master 

Plan recommendations, including additional upstream detention, been 

implemented, Table 15 indicates that absent of the clogging effects of debris, the 

crossing capacity would have been adequate for the modeled flows under this 

scenario adjusted to simulate field-estimated flows. 

2. Upstream of 5th Street to Upstream of 6th Street—for this reach, the 1995-1997 

Master Plan called for installation of a 68-inch by 43-inch elliptical storm sewer 

pipe parallel to the existing 42-inch steel pipe.  According to the 1995-1997 

Master Plan, the combined conveyance of the recommended improvements would 

be approximately 210 cfs.  This would have contained slightly more than 75% of 

the June 27, 2004 flows (excluding likely debris effects which would increase 

overtopping and flooding), with overtopping of approximately 190 cfs that would 

have the potential to cause significant flooding . 

3. Downstream of 6th Street—Ricciardi Property—the 68-inch by 43-inch elliptical 

storm sewer pipe proposed parallel to the existing 42-inch steel pipe from 

upstream of 5th Street to upstream of 6th Street in the 1995-1997 Master Plan 

would have had no effect on the flooding experienced between 6th Street and 

Highway 58 by the Ricciardi family. 
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The 1995-1997 Master Plan improvements called for the 68-inch by 43-inch 

elliptical storm sewer only to the location of the detention area/open channel that 

formerly existed immediately upstream of 6th Street that had a 48-inch storm 

sewer as an outlet.  The 1995-1997 Master Plan did not include plans to upgrade 

the 48-inch storm sewer beneath Highway 58.  Alan Leak, P.E. of WRC directed 

WWE to the following text in the 1995-1997 Master Plan as the rationale behind 

this master planning decision (personal communication August 2004): 

The crossing of S.H. 58 was left at the target 5-year capacity of 

130 cfs since any upgrade would incur substantial costs for pipe 

jacking under S.H. 58.  However, the actual total crossing will 

pass the 10-year flow due to the proposed construction of the sump 

inlet and drain on S.H. 58 under Washington Street.  This sump 

inlet is sized to drain the 100-year runoff from Sub-Watershed A9.  

However, flows in excess of the 5-year capacity Arapahoe Gulch 

pipe under S.H. 58 will overflow into this sump condition.  As this 

overflow along with Sub-Watershed A9 runoff drains back to 

Arapahoe Gulch through the sump inlet, the inlet capacity along 

with the Arapahoe Gulch pipe capacity under S.H. 58 is 

approximately the same as the 10-year Arapahoe Gulch flows. 

The combination of the existing capacity of the 48-inch storm sewer and the 

proposed Highway 58 inlet provided 10-year capacity for the system; however, 

this proposal did not improve the drainage situation along the mainstem of the 

Arapahoe Gulch drainage between 6th Street and Highway 58. 

4. Downstream of Highway 58—the 1995-1997 Master Plan included paralleling 

existing pipes in several locations to provide a system capable of carrying 220 cfs 

without flooding.  Given this additional capacity, flooding would likely have been 

reduced in some areas (most notably at the culvert entrance upstream of 8th 

Street); however, overtopping would have still occurred upstream of 8th Street 
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with an overflow of approximately 180 cfs, enough to have caused substantial 

flooding downstream of Highway 58 even if all 1995-1997 Master Plan-

recommended improvements had been in place. 

6.6.3 Comparison of Peak Flow Rates from Arapahoe Gulch Modeling Studies 

In light of differences between model results from simulations using the 1995-1997 Master Plan 

models and field-based flow estimates from the June 27, 2004 event, it is helpful to examine 

modeling rates from the many studies that have been completed in the past.  Table 16 presents a 

comparison of peak flow rates for the 100-year storm event at locations along Arapahoe Gulch 

from modeling studies by WWE (1983); TST (1992); Drexel Barrel and Company (1992); 

Lidstone and Anderson, Inc. (1993); and the 1995-1997 Master Plan models by WRC.  Though 

the field-based peak flow estimate of approximately 400 cfs along Arapahoe Gulch from debris 

lines and high water marks are still generally lower than 100-year flow estimates from the 

studies by WWE; TST; Drexel Barrel and Company; and Lidstone and Anderson, Inc., the 

difference is not as marked as when compared to the 1995-1997 Master Plan 100-year peak 

flows. 
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TABLE 16 
Comparison of 100-year Peak Flow Rates for Arapahoe 

Gulch Modeling Studies 
(All Values in cfs) 

 100-year Peak Flow Rate1

Location WWE 
(1983) 

TST  
(1992) 

Drexel 
Barrel 

and 
Company

(1992) 

Lidstone 
and 

Anderson, 
Inc.  

(1993) 

WRC  
(1995) 

Analysis Method HEC-1 SWMM/HEC-1 HEC-1 HEC-1 CUHP/UDSWM 
Downstream of Iowa ----- ----- 466 481 ----- 
2nd Street 2902 480 539 491 999 
5th Street ----- 510 ----- 518  
Upstream of 
Highway 58 

----- 520 ----- 532 1,075 

Clear Creek/10th 
Street 

----- 540 ----- ----- 1,146 

1 The WWE estimate is low for two reasons:  1) the flow was calculated upstream from 2nd Street, and 2) when the 
hydrology was calculated, there was no development in the upstream drainage area. 

2 Reported flow is a combination of two peak flows. 

 

6.4 Review of Drainage Plans for Upstream Developments 

WWE obtained and initially reviewed engineering reports, computer models, calculations, 

drawings, construction plans, and other information for the projects that were constructed during 

the 1990s.  Due to time limitations, WWE’s review was limited and amounts to a 

“reasonableness check.”  The following lists the major documents reviewed: 

• Various drainage reports for the Canyon Point subdivision prepared by Drexel 

Barrel and Company of Boulder and Colorado Springs, Colorado, during the 

early to mid-1990s.  These reports were prepared for the Adolph Coors 

Company and Golden Equities, Inc.  (Note:  Coors Brewing Company is a 

WWE client).   

• Drainage reports and drawings prepared by J.R. Engineering in 1994 for the 

Canyon Point Villas multi-family residential developments, on behalf of the 

Loup Construction Company.   
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• Construction drawings for the Highway 93 Bypass dated 1992, which were 

prepared by CDOT.   

• TST, drainage consulting engineer for the City, prepared reports that were 

relevant.  In 1992, TST conducted a master drainage plan for selected 

neighborhoods, including Arapahoe Gulch.  

• In 1989, TST prepared a drainage alternative study of the Highway 93 Bypass 

for the City.  This TST study referred to the 1983 hydrologic study and 

conceptual design of Magpie Gulch and part of the Arapahoe Gulch 

conducted by WWE for the Adolph Coors Company.  TST checked WWE’s 

flood flow estimates and used them for the highway drainage assessment.   

In addition to reviewing the documents listed above, WWE either met with or conducted 

telephone interviews with the staff from Drexel Barrel and Company, J.R. Engineering, TST, 

and CDOT.  WWE also interviewed staff from UDFCD and Jefferson County, along with Mr. 

Scot Lewis, P.E., who (until recently) was the City Engineer.   

WWE’s basic approach for reviewing the information listed above for reasonableness was to 

check against the UDFCD Urban Storm Drainage Criteria Manual (USDCM) Volumes 1 and 2 

and the May 1987 Jefferson County Storm Drainage Design and Technical Criteria.  Design 

criteria from CDOT and Jefferson County Schools were not utilized in WWE’s review.  We also 

conducted some field surveying, to check as-constructed conditions against design conditions. 

The following questions were addressed during WWE’s review: 

• Was the plan and/or design sound from a conceptual standpoint?   

• Were reasonable alternatives considered? 

• Was the plan complete, or were necessary components not included?   
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• Were the plans properly reviewed by the City and, where applicable, other 

governmental entities?   

• Were such facilities as pipes, inlets, channels, ponds, streets, and other 

drainage features properly sized to accommodate the design flows?   

• Was the approach to detention sound?  Were the detention facilities properly 

sized?  What does the observed performance of these facilities during the June 

27, 2004 flood indicate about their functionality?   

The planning studies performed by TST in 1989 (State Highway 93 Bypass Drainage Alternative 

Study) and 1992 (Stormwater Management Program) for the City were logical, and utilized 

reasonable computational methods.  Both studies indicated that limited outfall capacity was 

available in Arapahoe Gulch and suggested alternatives to address this limitation.  For example, 

the 1989 TST report adopted a concept from the 1983 WWE report (Rubey Clay Property 

Conceptual Drainage Study), which involved transferring some flows from Arapahoe Gulch into 

Magpie Gulch, utilizing multiple detention facilities to reduce flows and enlarging the Magpie 

Gulch channel to accommodate larger flows.  Interviews indicate that this concept was endorsed 

by the City and further evaluated until CDOT ultimately rejected it for implementation due to 

incompatibility with the proposed highway project.   

The 1992 TST master plan offered two alternatives for Arapahoe Gulch improvements: 

1. Construct a 100-year flood conveyance channel. 

2. Utilize upstream detention to control releases. 

In association with the 1992 master plan, TST retained Lidstone and Anderson, Inc. of Ft. 

Collins, Colorado to assist with hydrologic analysis and conceptual design for Arapahoe Gulch.  

This work was also reasonable and included recommendations for reducing the existing flood 

risk, including “over-detention” in newly developing areas.  Both the 1989 and 1992 TST 

reports, as well as the 1993 Lidstone and Anderson, Inc. report met a reasonable standard of 

care.   
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The reports described above by TST, Lidstone and Anderson, Inc., WRC, and WWE were 

prepared for drainage planning; by contrast, the remainder of the documents evaluated below 

were associated with design and construction.  To perform a limited and initial review of the 

following design documents, WWE focused on:   

• Are the calculations logical and orderly? 

• Are there obvious errors or omissions? 

• Were standard methods used? 

• Are hydrologic parameters such as drainage sub-basin sizes, calculated times 

of concentration, etc.? 

• Are predicted peak flows reasonable? 

• Are pipe, channel, street, and inlet sizes generally consistent with design 

flows? 

• Were detention facilities properly located, sized, and designed? 

• When inspecting the sites in the field, were there obvious problems such as 

too few or undersized inlets, areas that drain offsite directly without first 

passing through detention ponds, detention facilities that are clearly 

undersized, or obvious discrepancies between design and as-constructed 

conditions? 

These questions were applied by WWE to the design work of Drexel Barrel and Company 

(Canyon Point residential Filings 1 and 7 and commercial Filing 3), J.R. Engineering (residential 

Filings 4 and 5), Jefferson County Schools (Mitchell Elementary School), and CDOT (Highway 

93 Bypass).  Table 17 evaluates the designed detention pond volumes for the 10- and 100-year 

storm events in Canyon Point based on UDFCD design criteria.  Table 18 evaluates the designed 

10- and 100-year release rates for the detention ponds in Canyon Point.  Tables 19 through 21 
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evaluate inlet capacities in Filings 1, 7, 4, and 5, which were designed to capture the major storm 

event and convey it to the appropriate detention pond.   

TABLE 17 

Evaluation of Detention Pond Volumes in Canyon Point  

D-B/JR1 UDFCD2

Pond 
Developed 
Basin Area 

(AC) 

Impervious 
Area  
(%) 

V10

(AF) 
V100

(AF) 
V10

(AF) 
V100

(AF) 

9 45.4 40 0.6 3.3 1.6 3.3 
10 22.4 40 0.9 3.6 0.8 1.6 
11 12.3 85 0.3 1.5 1.0 1.8 
F4 7.98 50 0.5 0.8 0.4 0.7 
F5 6.34 50 0.4 0.6 0.3 0.6 

1 Taken from final drainage reports by design engineers (D-B:  Drexel Barrel and Company;  
 JR:  J.R. Engineering, V10:  10-year storm event storage volume; V100:  100-year storm event storage volume.
2 Based on current UDFCD criteria. 

 

Table 17 shows that Ponds 9 and 11 were undersized for the 10-year storm event, and that Pond 

11 was undersized for the 100-year storm event.  However, both ponds did appear to function 

adequately during the June 27, 2004 event.  The significance of this undersizing could be 

determined with more detailed hydrologic analysis, especially for the 10-year storm. 
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TABLE 18 

Evaluation of Detention Pond Release Rates in Canyon Point 

Off Site 
Basin Flow D-B/JR UDFCD2

Pond 
Q10 

(cfs) 
Q100 
(cfs) 

Developed 
Basin Area 

(AC) Q10 
(cfs)

Q100 
(cfs)

Q10 
(cfs)

Q100 
(cfs) 

9  - 233.01 45.4  42.0 205.0 -- 271.6 
10  - 166.01 22.4 30.0 98.0 -- 185.0 
11 0.0  0.0 12.3  4.1 15.3 3.0 10.5 
F4 2.6 5.1 7.98 3.3 9.8 4.5 11.9 
F5 0.0 0.0 6.34 1.0 4.0 1.5 5.4 

 1 From drawing titled “Master Drainage Plan-Canyon Point,” Drexel Barrel 
and Company, January 1993. 

 2  Based on current UDFCD criteria (Q=offsite + [allowable release rate X 
area]).  The allowable release rates for the 10- (Q10) and 100-year (Q100) 
storm events are 0.24 and 0.85 cfs/acre. 
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TABLE 19 

Canyon Point Filing 1 Capacities – Flows into Detention Pond 10 

 
Drainage 

Basin Inlet Size 
Maximum 
Capacity 

(cfs) 

Basin 
Flow2  

(cfs) 

Overflow 
(cfs) 

3 1 10' Type R 8 10 2 

5 2 5' Type R 4.5    
  3 15' Type R 10     

Subtotal   14.5 16 1.5 

61 4 15' Type R 10    
  5 15' Type R 10    
  6 15' Type R 10     

Subtotal   30 20.5 0 

7 7 10' Type R 8    
  8 10' Type R 8    
  9 15' Type R 16    
  10 5' Type R 4.5    
  11 15' Type R 10     

Subtotal   46.5 22 0 

8B 12 10' Type R 10    
  13 10' Type R 10    
  14 10' Type R 10    
  15 5' Type R 4.5     

Subtotal   34.5 20 0 
1 Includes overflow from Basins 3 and 5. 
2 100-year flows taken from Master Drainage Plan by Drexel Barrel and Company. 
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TABLE 20 

Canyon Point Filing 7 Inlet Capacities—Flows Into Detention Pond 10 

Drainage 
Basin Inlet Size 

Maximum 
Capacity 

(cfs) 

Basin Flow2  

(cfs) 
Overflow 

(cfs) 

8A 16 10' Type R 8 16 8 

101 17 15' Type R 10    
  18 10' Type R 8    
  19 15' Type R 10    
  20 15' Type R 10    
  21 15' Type R 10    
  22 10' Type R 8    
  23 10' Type R 8    
  24 15' Type R 10     

Subtotal   74 45 0 
1 Includes overflow from Basins 3 and 5. 
2 100-year flows taken from Master Drainage Plan by Drexel Barrel and Company.   

 
TABLE 21 

Canyon Point Filings 4 and 5 Inlet Capacities—Flow Into Detention Ponds F4 & F5 

Drainage 
Basins Inlet  Size 

Maximum 
Capacity 

(cfs) 

Basin Flow1  

(cfs) 
Overflow 

(cfs) Remarks 

Canyon Point Phase 4 Inlet Capacities - Flows Into Detention Pond F4 

1,3-6 1 
15' Type 

R 16 31 9 Overflow swale to detention pond 

Canyon Point Phase 5 Inlet Capacity - Flows Into Detention Pond F5 

1-3 1 
15' Type 

R 16 9 0   
 1 100-yr flows taken from Phase III Drainage Report by J.R. Engineering. 

 
Based on field evidence and interviews with City staff, none of the six detention basins in the 

upper part of Arapahoe Gulch filled to capacity and spilled during the June 27, 2004 storm.  

Because the rainfall return frequency for this storm was greater than 100-years, a question arises 

as to why these ponds did not spill.  Field surveys indicate that the as-built pond volumes were 

essentially equal to or only somewhat less than the design volumes, so this was not likely a 
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factor.  The outlet structures were designed using acceptable methods and appear to have been 

constructed as designed, so this does not appear to have been a factor.  Inlet capacities were 

checked and found to be adequate.  The following possibilities may help to explain why spills 

did not occur: 

• The actual rainfall amounts in each of the sub-basins tributary to the ponds 

were not significantly larger than the design rainfall.   

• The characteristics of the runoff hydrographs into the ponds differed from the 

design inflow hydrographs.   

• Some of the area which was designed to drain into each pond does not 

actually do so.  WWE did not have sufficient time to check this factor. 

• Although the inlet capacity was adequate, debris may have caused street flows 

to bypass the inlets and the ponds. 

• There is more “inadvertent” (unintentional) detention upstream from the 

ponds than anticipated during the design process.  (WWE also did not have 

time to account for this factor.) 

• In the case of the Canyon Point commercial pond, there are still some 

undeveloped lots in the tributary area so impervious area was not maximized. 

In any event, the available field evidence suggests that the ponds worked effectively during the 

June 27, 2004 storm, because the measured high flows were less than previous 100-year peak 

flow estimates for Arapahoe Gulch, even though the rainfall return frequency was greater than 

100-years. 

In general, and based on WWE’s initial review, the design work complies with a reasonable 

standard of care, with the following caveats: 
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1. In some cases, WWE lacked important documents for the review, such as 

computer models and maps depicting drainage areas.  Given the time constraint, it 

was not feasible to locate this information.   

2. The CDOT Highway 93 Bypass has no detention for runoff from the highway and 

increases downstream flood flows.   

3. It is not clear whether “water quality capture volume” (WQCV), as defined by the 

UDFCD, was integrated into Detention Ponds 9, 10, and 11. This was a 

recommendation of UDFCD as far back as 1991, in Volume 3 of the USDCM.  

Providing WQCV helps to reduce peaks from small, frequently occurring storms.  

This was not material to the flooding that occurred in Arapahoe Gulch on June 27, 

2004. 

4. As described in a January 13, 1997 letter from WRC to UDFCD, the as-built 

characteristics of Ponds 9 and 10 differ somewhat from the design parameters.  

Table 17 provides WWE’s findings regarding pond volume.  WWE does not 

believe, however, that these variations were significant for the June 27, 2004 

storm.   

5. The design flows used by all who worked on Arapahoe Gulch (TST, Drexel 

Barrel and Company, J.R. Engineering, Lidstone and Anderson, Inc., CDOT, 

Jefferson County Schools, and WWE) were reasonable, based on hydraulic 

analysis of surveyed high water marks from the June 27, 2004 flood.  However, 

these flows are also much smaller than the corresponding return frequency flood 

flows generated by WRC in their 1995-97 Arapahoe Gulch studies for UDFCD, 

Jefferson County, and the City.  WWE has carefully reviewed WRC’s analysis 

and believes that this is primarily a function of conservative assumptions by 

WRC, especially for flow routing.  It is important to note that during greater than 

100-year rainfall conditions (June 27, 2004), the relevant facilities functioned 

adequately and provided peak flow attenuation, including the fact that none of the 

detention ponds overflowed.   
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7.0 EVALUATION OF THE GOLF COURSE TRIBUTARY DRAINAGE SYSTEM 
DURING JUNE 2004 FLOODS 

7.1 Background 

To evaluate the effects of the northern portion of the Fossil Trace Golf Course (golf course) on 

drainage in the residential neighborhood immediately downhill and to the east (see Exhibit 4), 

Dr. Guo and WWE compared the runoff characteristics of the site in its historic condition with 

the current condition, as a golf course. As discussed in Section 3, which provides an overview of 

the drainage area, historically, much of the site was a clay mine, with some open space and 

pastureland (see attached Golf Course Tributary area photographs and Appendix A).  

Photographs are included that show the site prior to its development as a golf course, taken from 

approximately the eastern boundary of the clay mine.  The mined area was effectively devoid of 

topsoil and vegetation, although it had excavated pits that collected runoff, thereby reducing 

offsite discharges.  WWE was provided with pre-golf course topography by the City (see Exhibit 

6), and this was valuable for conceptually defining historic runoff conditions. 

As part of the transformation from clay mine to golf course, which occurred during the early 

1990s, an impervious cap (described below) was placed over some of the area that had been 

mined, because fly ash from power plants had been disposed of in excavated areas.  This 

impervious cap was accounted for in the hydrologic analysis, as were such factors as:  changes in 

flow directions and flow paths; detention storage; addition of topsoil over much of the site; 

regrading; establishment of vegetation and, of particular importance, the placement of 

approximately 200 feet of the Welch Ditch (which historically passed through this site as an 

open channel) in a 36-inch diameter pipe.  

It is essential to recognize that only a small part of the 18-hole golf course is relevant for this 

study, primarily Holes #13 and #14 and immediately adjoining areas.  In addition, much of the 

existing storage (from mining) on the west side of the course was retained, further limiting the 

effective drainage area. 

In a qualitative sense, the following factors suggest that the Fossil Trace Golf Course should 

have relatively little effect on historic (pre-golf course) hydrology: 
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• Historically, the mined area had virtually no vegetation, whereas the course 

has dense turf. 

• Thirty-six inches of subsoil and topsoil were imported to cover the 

impermeable cap and to provide a suitable growth medium for the turf.  In the 

historic condition, most of the mined area contained no soil.  Any native soils 

that were present had probably been compacted by mining equipment. 

• The course was designed and graded in a manner that maintained most of the 

depression storage on the west side of the study area. 

• Substantial detention storage was integrated into Holes #13 and #14 at 

multiple locations.  WWE has worked on many golf courses in Colorado and 

elsewhere.  Holes #13 and #14 at the Fossil Trace Golf Course provide as 

much detention (if not more) than any of the other courses that we have 

analyzed. 

• Flow paths at the course are long, and sheet flow predominates, rather than 

concentrated flow.  This serves to slow down runoff and keep peak discharge 

rates at relatively low levels. 

• There is substantial technical literature concerning the hydrologic impacts of 

golf courses and turf.  In general, these studies indicate that because golf 

courses are normally classified as well-vegetated open space, they do not 

negatively impact existing (pre-course) hydrology.  This was the 

understanding of City staff when the course was designed and constructed.  

(See Section 7.2.7 for additional discussion.) 

As discussed below, for all of these reasons, the only factor in this part of the Fossil Trace course 

that increased downstream flooding was a golf cart path crossing of the Welch Ditch, which 

caused a large spill to occur during the June 8 and 27, 2004 storms, and the July 29, 2003 storm. 
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7.2 Key Tasks in Analysis 

Key tasks in the golf course hydrology investigation were: 

1. Interviews with residents were conducted, including information regarding the 

June 2004 floods and previous floods.  These interviews were helpful for defining 

frequency of flooding, flood depths and flood paths, interaction with the City 

regarding drainage problems, hydrologic changes caused by the golf course, other 

changes in the drainage area that affect runoff, identification of high water marks 

during the June 27, 2004 flood, etc.  Among others, we interviewed the owner of 

the residence at the intersection of 20th Street and Washington Street (1921 

Washington), Mr. Robert Tranberg, who has experienced flooding on five 

separate occasions in 2003 and 2004, as well as tenants in the home immediately 

to the north (1905 Washington Street).  We also interviewed City staff; Mr. Chip 

Parfet, who owned and operated the clay mine and who sold the property to the 

City for development as a golf course; and other neighborhood residents 

including Mr. Vern Wagner, who provided detailed factual information based on 

his 34 years at 2011 Cheyenne Street.   

2. Portions of the golf course and neighborhoods were surveyed including detention 

volumes; high water marks in neighborhoods; street cross sections, etc. 

3. Engineering reports prepared by Muller Engineering concerning master drainage 

planning on Kenneys Run; KRW, Inc. (remediation of clay pits, including 

impermeable cap and drainage plan) and TST (currently preparing construction 

plans for a storm sewer from 24th and Illinois downslope through the relevant 

neighborhood to Kenneys Run) were reviewed. 

4. Dr. Guo inspected and photographed the drainage area, which extends up the east 

face of Lookout Mountain (see Exhibits 4 and 5).  We were interested in how 

offsite flows historically and currently enter and travel through the golf course to 

the intersection of 21st and Illinois, which is the point of discharge (outfall) for 
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this portion of the course.  During these field inspections, we also defined 

drainage paths on the course, and contrasted these with the flow paths that existed 

when the site was an active clay mine. 

5. We inspected aerial photographs dating back to the 1930s (see Appendix A) to 

better understand how drainage patterns have changed over time. 

6. Dr. Guo created a CUHP/UDSWM hydrologic computer model of the golf 

course, offsite flows and the affected neighborhood.  This is described in Section 

7.3.  This model was checked for reasonableness via surveyed high water marks 

from the June 27, 2004 flood in the neighborhood.  (High water marks were not 

available for the June 8, 2004 event.)  The computer modeling analysis is 

consistent with the information that we obtained from interviews and with the 

surveyed high water marks. 

7. The City’s understanding was that creating a golf course would not cause 

downstream peak flows to increase.  WWE reviewed the literature on this subject.  

The following items present case studies and findings from research on the runoff 

potential from golf courses and other turfed areas: 

• One of the most detailed studies of the runoff potential of turfgrass associated 

with golf courses was performed by Professors Thomas Watschke and Ralph 

Mumma (1989) from the Turf Grass Science Labs at Penn State University.  

In general, the found runoff volumes to be very low in high quality turfgrass 

stands with low antecedent soil moisture, even under extreme conditions and 

sloped sites (Watschke 1990).  They found there is a direct correlation 

between runoff and the density of the vegetated stand.  In their studies, they 

found that sod produced much less runoff than seed, especially during the two 

years following establishment.  They concluded that quality turfgrass stands 

modify the overland flow process so that runoff is insignificant in all but the 

most intense rainfall events. 
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• In another study at Penn State University, it was determined that irrigation 

applied at a rate of 6 inches per hour was necessary to cause measurable 

runoff from sodded slopes of 9% to 14% overlying a clay soil (Linde, et al. 

1995). 

• Richard J. Cooper of the University of Massachusetts, Amherst, in his article 

for Golf Course Management (1990), reported that a well maintained, dense 

turf area can reduce runoff to near zero.  This is due in large part to the fact 

that a turfgrass area has tremendous potential to absorb precipitation because 

the grass slows down the water enough to allow most of it to infiltrate before 

it can run off (Mugaas, et al. 1997).  He reported that it has been estimated 

that a 150-acre golf course has the capacity to absorb 12 million gallons of 

water during a heavy, 3-inch rainstorm (which translates to only 0.06 inches 

or 2% runoff).  The velocity of overland flow of water across a dense turfgrass 

stand is sufficiently slow that, under most conditions, the vast majority of 

water will infiltrate into the turf/thatch/soil profile before it can move 

horizontally from a site as runoff.  He also reports that studies conducted in 

Rhode Island revealed that during a two year period, overland runoff from 

lawn-type turf occurred on only two occasions, and both resulted from 

unusual climatic conditions.  In one case, rainfall fell on snow-covered frozen 

ground, and in the other case, extremely wet conditions preceded a 5-inch 

rainstorm that generated runoff.  In the latter case, depth of runoff was less 

than 1/13 inch, even though a total of 10 inches of rain fell within one week. 

• James Beard and Robert Green of the International Sports Turf Institute 

(1994) confirm the findings of Watschke and Mumma (1989) that quality 

turfgrass stands modify the overland flow process so that runoff is 

insignificant in all but the most intense rainstorms.  Beard and Green (1994) 

also added that studies conducted in Maryland on tobacco fields yielded 

approximately 90% more runoff than perennial turfgrass during the same 

rainfall events. 
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7.3 CUHP/UDSWM Model of Study Area 

This section briefly describes the hydrologic model of the study area developed by Dr. Guo and 

checked by WWE.  This is the same rainfall/runoff prediction model that was used to model 

Arapahoe Gulch during 1995-97, and it is the most widely used hydrologic model in the Denver 

metropolitan area.  The original version of the rainfall-runoff model (known as the Colorado 

Unit Hydrograph Procedure, or CUHP) was developed by WWE when the first version of the 

Denver Urban Storm Drainage Criteria Manual was published in 1969.  Dr. Guo has worked 

closely with staff from UDFCD to update this model over time. 

The application of CUHP/UDSWM to the Golf Course Tributary is shown schematically in 

Figures 9 and 10 and Exhibits 4 and 5, including the drainage sub-basins and flow paths at the 

golf course, which were defined by field inspection.   

The golf course grading and drainage plans dated May 1, 2001, prepared by James J. Engh Golf 

Design Group, Inc., were reviewed by Dr. Guo and WWE.  WWE also interviewed Mr. Engh.  

Field inspections indicated that although the grading plan was useful at a conceptual level, the 

as-built topography differed in places from the design topography.  This is typical for golf 

courses.  To assure that stage-storage-discharge relationships for the detention ponds at Holes 

#13 and #14 were accurate, field surveys were conducted.  The golf course design plans and field 

observation indicate that an underdrain system was installed to handle day-to-day, “nuisance” 

flows.  Mr. Engh indicated that this drain system was designed for approximately ¼ to ½ inch of 

applied water (irrigation water and/or precipitation).  Given the magnitude of the June 27, 2004 

flood, this underdrain system was not integrated into the model.   

Within the golf course, there are currently “sumps” (depressed areas) that drain internally and 

that do not have downslope discharges.  These were delineated, along with the detention storage 

that was created when the course was graded.  The hydrologic model calculates runoff from each 

of the sub-basins, and routes the runoff to the offsite discharge location at 21st and Illinois, by 

accounting for such factors as flow paths, conveyance characteristics, detention storage, and 

other factors.  Offsite flows (from west of Highway 6) have been accounted for.  These flows 
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were essentially treated as a fixed inflow to the golf course, as described below.  Flows from the 

downslope neighborhood are also included in the model. 

Parameters were defined for the various drainage sub-areas shown on Exhibit 5 including:  

weighted imperviousness; area; flow length; length to centroid; slope; time of concentration; 

depression losses; and infiltration losses.  These parameters were defined for approximately ten 

sub-basins, located both on the golf course and in the downslope residential area.  Each of these 

sub-areas is shown schematically as circles on Figures 9 and 10.  The numbered squares on these 

figures are referred to as “nodes” in the CUHP/UDSWM model.  Nodes can be thought of as 

elements that are required to link the various sub-areas together, so that flow from one sub-area 

moves downstream and into the next sub-area.  Detention areas are also shown on Figures 9 and 

10 and are numbered.  The CUHP/UDSWM model includes stage versus storage and stage 

versus discharge relationships for these detention ponds, based on field surveys conducted in 

July 2004.   

Because offsite inflows were not affected by golf course construction, two zones in the study 

area were modeled: 

• The upper zone, which includes the golf course and which is characterized by 

a relatively slow response time and substantial detention storage. 

• The lower zone, which includes the residential areas east (downhill) of Illinois 

Street and which has a fast response time, high peak flows and no detention 

storage. 

Computer modeling results indicate that during the June 27, 2004 storm, runoff from the lower 

zone dominated, and produced the highest flood flows and levels at 20th and Washington (this 

location is the focal point of WWE’s analysis because structural flooding is known to have 

occurred there). 

Figure 3 was utilized to determine the June 27, 2004 rainfall distribution over the Golf Course 

Tributary drainage area.  The temporal rainfall distribution from the Jefferson County 



Engineering Evaluation of June 8 and 27, 2004 Floods in Golden, Colorado  
for Arapahoe Gulch and Fossil Trace Golf Course Tributary 

 

 
021-164.010 Wright Water Engineers, Inc. Page 78 
August 2004   

 

Fairgrounds was used for this analysis due to its proximity to the area and general similarity to 

temporal distributions from other area gauges.   

The CUHP/UDSWM model focused on the June 27, 2004 storm because this was the event for 

which we had the most detailed information and because this event had more total precipitation 

than the June 8, 2004 storm.  A difficulty with modeling the June 8, 2004 flood is that there was 

substantial hail in the Golf Course Tributary area that influenced flood depths, flow paths, etc. 

and it was not practical to account for this in the model.  In addition, rain gauges at the golf 

course and residence owned by Mr. Wagner were destroyed by the hail.   

Model runs were also made for the 2-year, 10-year, and 100-year events.  In the Golf Course 

Tributary area, the average June 27, 2004 rainfall was less than the 100-year storm; similarly, 

peak flows (based on model predictions and hydraulic analysis of surveyed high water marks) 

were also less than 100-year discharges.   

The landfill cap consists of the following layers (from top to bottom) based on the 1998 KRW, 

Inc. report, Closure Plan for Parfet Clay Pits—Golden, Colorado:   

1. Six-inch topsoil layer capable of supporting grass—this layer was not compacted. 

2. A minimum 30-inch routing zone/evapotranspiration layer consisting of clayey 

sand to clay soils that were lightly compacted in the upper 6 inches and 

moderately compacted in the lower 24 inches. 

3. Woven geotextile. 

4. Six-inch capillary break/pore water relief layer of sand and/or gravel. 

5. Reinforced geosynthetic clay liner. 

6. Minimum 6-inch soil foundation layer. 

To calculate the extent of street flooding during the storms that were modeled, Dr. Guo and 

WWE utilized the computer program, “UDINLET,” that was developed by the University of 
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Colorado-Denver and the UDFCD.  This program requires cross sectional street geometries such 

as longitudinal street slope, Mannings “n” coefficient, curb height, maximum flow depth and 

other information.  Street slopes in the neighborhood range from approximately 1% to 2.5%.  It 

was also necessary to calculate culvert flow on the golf course, pipe flow, open channel flow and 

other factors.   

7.3.1 Welch Ditch 

One aspect of the golf course that merited particular attention is Welch Ditch.  The Welch Ditch 

passes through the golf course, generally trending from northwest to southeast.  The Welch Ditch 

has been in this location since the late 1800s.  It diverts off of Clear Creek roughly two miles 

upstream from the mouth of the canyon and has historically conveyed irrigation and municipal 

water.  Like most other irrigation ditches, during times of heavy runoff, the Welch Ditch 

intercepts stormwater from upslope areas that drain into it.  When the ditch becomes full, the 

surface water runs over the ditch and continues flowing into downslope areas.  UDFCD policy 

states that ditches should not be utilized for urban stormwater management, nor considered 

effective at protecting downstream area from flooding. 

There is substantial offsite drainage to the west of Highway 6 that drains along the northern 

boundary of the golf course, ultimately discharging into the Welch Ditch. Prior to the golf 

course, the Welch Ditch was an open channel through the course.  As shown in the attached 

photographs, when the course was constructed, the Welch Ditch was piped (36-inch diameter 

reinforced concrete pipe) from the northern course boundary a distance of approximately 200 

feet to the southeast, so that the 13th Hole Fairway could pass over the ditch.  At the entrance to 

this pipe (on the north side of the course) there is roughly 10 feet of fill above the invert (bottom) 

of the pipe.  During the June 27, 2004 flood, offsite flows discharged into the Welch Ditch.  

Depths increased in the ditch at the pipe entrance, eventually reaching a maximum depth of 

about 7.5 feet above the pipe invert (an attached photograph shows this high water mark).  This 

depth is known because the high water mark above the pipe was field surveyed, as were debris 

marks on the Welch Ditch upstream from the pipe entrance.  Thus, the Welch Ditch provided 

substantial storage during the June 27, 2004 flood upstream from the golf course.  In addition, 
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this location effectively controlled the maximum rate of inflow to the course from offsite areas to 

approximately 65 cfs, which is roughly equivalent to the maximum conveyance capacity of the 

ditch where it is an open channel through the course. 

The peak flow of approximately 65 cfs passed through the 200-foot-long pipe, and was 

discharged into a reach of open channel.  From this discharge location, the water flowed 

approximately 300 feet to a golf cart path crossing between Holes #13 and #14, which is shown 

in the attached photographs.  There is a 36-inch-diameter pipe at this crossing with a conveyance 

capacity of 32 cfs (before forcing a spill to occur from the Welch Ditch).  This was much less 

than the approximately 65 cfs in the ditch.  Consequently, this crossing acted as a constriction 

during the flood, and caused water to spill downhill towards the intersection of 21st and Illinois.  

This spill was estimated to peak at approximately 33 cfs on June 27, 2004.  Photographs of the 

June 27, 2004 spill, taken by Mr. Wagner, are included.  Additional photographs from Mr. 

Wagner are also attached which show a spill at the same location on July 29, 2003.  

Undoubtedly, a spill also occurred on June 8, 2004, although WWE was not able to locate 

photographs of this.   

Downslope from the spill are stormwater detention areas which attenuated this 33 cfs overflow.  

Photographs (attached) show water stored in these detention areas after the June 2004 storms.  

Note that there is also detention provided on Hole #14, upslope from the Welch Ditch.  Flows 

from this hole, as well as other areas upslope from the Welch Ditch in the study area, are either 

piped beneath the Welch Ditch or flow over the ditch where it is piped, whereas under pre-golf 

course conditions, these areas drained into the Welch Ditch.  As the site currently stands, runoff 

from most of the golf course area shown in Exhibits 4 and 5 is stored in detention areas prior to 

offsite discharge.   

7.3.2 Drainage Flow Path Below Golf Course 

After flows are discharged from the golf course at 21st and Illinois, the flow path is as follows: 

• East on 21st to Cheyenne Street. 

• North on Cheyenne Street to 20th. 
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• East on 20th to Washington. 

• At Washington, the flow splits with some continuing east on Washington to 

Kenneys Run and the remainder turning to the northeast, where it passes 

through residential properties and a commercial building owned by Qwest, 

prior to discharge into Kenneys Run. 

There is currently no storm drain in the area.  TST is now preparing construction drawings for a 

storm drain with a capacity of approximately the 5-year event for the City of Golden, which will 

originate at 24th and Illinois and continue down the flow path described above prior to discharge 

to Kenneys Run.  Due to the lack of a storm drain, the streets have served as the drainage 

conveyance.  Interviews with homeowners (see Section 4.4) indicate that at least once every two 

years, the streets are filled to capacity with floodwaters.  These interviews also indicate that 

street flooding has been a long-standing problem in the neighborhood, going back well before 

the golf course was constructed.  Neighborhood residents have repeatedly raised this concern 

with City staff. 

The intersection of 20th and Washington is problematic.  At this location, there are substantial 

flows from both the upslope neighborhood and the northern part of the golf course.  The homes 

in the northeast corner of this intersection are situated so that they are vulnerable to flooding.  

There are street inlets at the intersection of 20th and Washington, but they are not effective for 

significant flows, only for nuisance flows.  These are the most upstream inlets (i.e., the first 

inlets) for this area. 

7.3.3 CUHP/UDSWM Model Results for Golf Course Tributary 

Hydrologic computer model results are summarized on Figures 9 and 10.  In order to quantify 

the amount of spilled flow due to the golf cart path crossing, two scenarios were evaluated, one 

with and the other without the golf cart path crossing.  Figure 9 provides peak flow rates at 

multiple locations in the tributary area on June 27, 2004, with the cart path crossing.  By 

contrast, Figure 10 provides June 27, 2004 peak flow rates assuming that the cart path 

constriction between Holes #13 and #14 had not been in place.  To assist readers in 
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understanding Figures 9 and 10, please recognize that the calculated flows are shown as blue 

numbers above arrows, all flows are expressed in cfs, and the flows are not additive due to 

timing differences among runoff hydrographs for the various sub-areas.  Highlights from Figures 

9 and 10, are as follows: 

1. During the June 27, 2004 flood, the cart path constriction caused a spill of 

approximately 33 cfs out of the Welch Ditch.  By contrast, had the cart path 

crossing (constriction) not been in place, the maximum spill out of the Welch 

Ditch would have been approximately 9 cfs. 

2. The large detention storage areas on the golf course were highly effective at 

attenuating the 33 cfs Welch Ditch spill. 

3. The maximum discharge from the golf course to the intersection of 21st and 

Illinois was approximately 34 cfs on June 27, 2004.  If the cart path constriction 

had not been in place, however, the maximum golf course discharge rate would 

have been roughly 25 cfs.  Thus, the constriction caused an increase of about 9 

cfs.   

4. The timing of runoff from the various sub-basins shown in Figures 9 and 10 is 

critical to evaluating the significance of this 9 cfs increase.  As discussed in 

Section 7.3, using the intersection of 20th and Washington as a reference point, 

there are two tributary “zones” that need to be considered.  The lower zone 

consists of the residential area that peaks rapidly, while the upper zone is the golf 

course, which has a much longer time to peak.  This difference in timing 

minimizes the importance of the 9 cfs increase from the golf course.  Specifically, 

on June 27, 2004, the peak flow rate at 20th and Washington was approximately 

56 cfs, but at this time, only about 13 cfs of the total flow was from the golf 

course.  The balance of 43 cfs was runoff from the residential area downhill from 

the golf course.  The CUHP/UDSWM model indicates that the peak discharge 

rate from the golf course occurred roughly one hour after the peak flow rate of 

approximately 56 cfs at 20th and Washington.  The peak discharge rate from the 
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golf course at that time was about 34 cfs.  It was at this time that the golf course 

detention ponds were releasing at their maximum rates.  However, when the golf 

course peak discharge of approximately 34 cfs occurred, the runoff from the 

lower zone (residential area) was only about 4 cfs, which resulted in a total 

discharge at 20th and Washington of approximately 38 cfs.  This was 18 cfs (56-

38 = 18) lower than the 56 cfs discharge that had occurred approximately one 

hour earlier.  Stated another way, by the time that the peak discharge from the 

golf course arrived at 20th and Washington, the damage had already been done to 

the relevant structures, primarily by runoff from the residential area. 

5. Figures 9 and 10 show that the Welch Ditch spill caused the peak flow at 20th and 

Washington to increase from approximately 52 cfs to about 56 cfs, or less than 

10%.  This was not a significant change in terms of flood depth or extent of 

flooding. 

8.0 CITIZEN QUESTIONS AND COMPLAINTS REGARDING DRAINAGE AND 
FLOOD CONTROL 

Based on WWE’s interviews with property owners, the following major questions and criticisms 

related to the City’s drainage and flood control activities in Arapahoe Gulch and the Golf Course 

Tributary have been identified:   

1. The lower reach of Arapahoe Gulch (from approximately 2nd Street downstream 

to Clear Creek) is strikingly undersized when compared with the drainage 

facilities upstream from 2nd Street.  Citizens believe that it was wrong for the City 

to allow the upstream development to occur, knowing that there was so little 

downstream capacity.  As stated by one property owner on 5th Street:  “How can it 

be reasonable that there are six 4-foot diameter pipes beneath the intersection of 

Highway 93 and Iowa, while a few hundred yards downstream, there is a single 3-

foot pipe to handle all of this flow, plus flow from other areas?”   
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2. Some citizens contend that the upstream development has substantially increased 

peak flows in Arapahoe Gulch, for various reasons (covering channels, loss of 

storage, new impervious area, etc.).   

3. Some citizens feel that the City has taken only modest steps to improve the 

situation on Arapahoe Gulch, even though many mitigation strategies are 

available including, for example:  floodplain “overlay” zoning; increased 

floodplain regulation; flood-prone property acquisition/relocation; channelization; 

additional upstream detention; flow diversion; and flood proofing.   

4. The City did not warn residents that they live in an area of high flood risk.  

Residents stated to WWE that because they were not in mapped flood hazard 

zones, they did not know how high their risk was, nor did they know to buy flood 

insurance.   

5. Downstream citizens believe that development of the Fossil Trace Golf Course 

has changed drainage patterns and caused more flow to pass through the 

downstream neighborhoods more frequently than prior to the course.  Residents 

who were flooded have identified various factors that may have caused increased 

flows from the golf course.  For example, the cart path crossing of the Welch 

Ditch immediately above Hole #14 is a constriction, which forced flows out of the 

ditch and toward the intersection of 21st and Illinois during the June 27, 2004 

flood.  A concentrated flow of this magnitude at this location would not have 

occurred with the Welch Ditch in its pre-golf course condition.  By piping runoff 

from lands upstream of the Welch Ditch beneath the Welch Ditch with ultimate 

discharge at 21st and Illinois (and then through the residential neighborhood), the 

golf course effectively increases the total drainage area.   

 In addition, citizens who were flooded say that the City has sanctioned other 

actions in this area that have increased drainage problems including new 

residential development without detention (such as in the southeast corner of 19th 

and Illinois) and regrading of the flow line on the south side of 19th, which now 
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directs flow to the south on Illinois that would historically have continued to the 

east on 19th.   

6. The City worked closely with CDOT on the Highway 93 Bypass, yet it was 

constructed without detention.   

7. Golden could have imposed special requirements on upstream development to 

compensate for the lack of outfall capacity downstream.  Perception by some 

citizens is that the City has a “pro-development” attitude and has not required 

much of developers for drainage and flood control facilities.   

8. Many property owners have complained about street drainage downstream from 

the golf course site, going back many years.  The street, along with adjoining 

yards, is subject to inundation too frequently and it has become a nuisance.  In 

addition to flood flows, property owners are concerned about mud/clay in the 

water, street deterioration (aggravated by periodic flood flows), and icing in the 

gutters during the winter.  The City has repeatedly stated that it would address 

these problems, but responses to-date have been ineffective.  The first inlets in 

this drainage area currently are too far downstream (at 20th and Washington) to be 

of any value, and these inlets are ineffective due to their design. 

9. Some citizens contend that the City chooses to spend its drainage and flood 

control funds in ways that benefit wealthy neighborhoods and commercial 

interests, rather than in older communities where property values are lower.  In 

these older neighborhoods, there are many residents who have lived in Golden 

and paid City taxes for decades, and they feel that they are receiving very little 

return for their tax dollars.   

10. City maintenance of Arapahoe Gulch downstream from 2nd Street has been poor.  

The City claims that one reason for this is limited right-of-way/lack-of-access, but 

neighbors have stated that they would have worked with City staff to permit 

access to provide maintenance.   
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11. Concern was expressed about the loss of in-channel storage immediately north of 

6th Street, in the course of creating a parking lot for an apartment building in the 

mid-1990s.  Residents feel that this reduced the level of protection for 

downstream properties.   

WWE’s responses and analysis for these questions and concerns are set forth in Section 8.2. 
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8.1 City of Golden Drainage History, Including Drainage Projects and 
Expenditures 

Because the history of drainage and flood control in Golden is relevant for many of the concerns 

listed above, Section 8.2 provides a brief historical summary, based on information provided by 

City staff to WWE.   

Research by City staff indicates that Golden’s history with drainage planning began in the 1970s.  

Prior to that time, there is no evidence that the City had drainage regulations or conducted 

planning for drainage basins. The first adopted flood design criteria and standards were based on 

UDFCD and Jefferson County criteria and standards, and were adopted as part of the Street, 

Sidewalk, and Drainage Specifications in 1992.  Prior to that, Title 19 of the City Code regulated 

defined floodplains, but provided no design standards.  

8.1.1 Key Milestones 

Key milestones include the following: 

• Ordinance 676 adopted in 1973 required in section 7-3 “No subdivision plat 

shall be considered for final approval until the sub-divider shall submit to the 

Commission, a report by a registered professional engineer, as to the ability of 

existing water course channels, drainage tiles, storm sewers, culverts and 

other works pertaining to drainage or flood control within the subdivision to 

handle the additional runoff which would be generated by the development of 

the land within the subdivision.”  Section 7-5 states “no subdivision plat shall 

be given final approval if, in the opinion of the Commission, the development 

of the land within the plat, would cause or materially contribute to the 

flooding of developed areas within the City, or would increase danger to 

health, life or property, or produce unsatisfactory or unsanitary conditions.”  

At that time, the City apparently did not have standards or guidelines to 

provide design guidance. 

• Regarding the first use of detention, City staff found an article on detention 

and some detention calculations in a notebook that City Engineer Vic Seiferth, 
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P.E., kept during the 1983 to 1984 time period.  However, the extent to which 

detention was being considered at that time is not clear.  Detention was being 

widely used in the Denver metropolitan area in the early 1980s.  This 

notebook appears to represent the level of City drainage consideration at the 

time.  

• 1989—Drainage review for projects was done based on Jefferson County 

Drainage Criteria.  

• 1992—Codification of use of Jefferson County Drainage Criteria with the 

adoption of City drainage standards. 

• 1994—Adoption of the Stormwater Quality Control Design Guidance 

Manual. 

• 1996—Proposal to create drainage utility. 

• 1997—Flooding in Ft. Collins that resulted in property loss, injury, and death. 

This became catalyst for the creation of the Golden drainage utility. 

• 1997—Adoption of ordinance that created drainage utility. 

• 1998—Adoption of resolution that set drainage utility fees. 

• 1999—Bond sale of $4,950,000 to address drainage master plan 

recommendations.  

8.1.2 Improvement Projects for Areas That Experienced Regular Flooding 

One of the key findings that has emerged in WWE’s evaluation is that the City prioritized 

drainage improvements primarily based on:  1) frequency of flooding, 2) number and nature of 

complaints received, and 3) consistency with major drainageway master plan recommendations.   

The following projects addressed areas that were subject to regular flooding and where the City 

had received many complaints.   
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• Historically, downtown flooding occurred during many thunderstorms. 

Downtown merchants on the west side of Washington Street would sandbag 

their door fronts each night in anticipation of rain.  In 1992, the City 

completed a storm drain system down Arapahoe Street from 14th Street to 

Clear Creek to cut off much of the flows at a cost of $45,000. 

• Washington Street storm drain:  the City added a storm drain on Washington 

Street from 14th to Clear Creek as part of the downtown redevelopment. Cost 

estimated by the City at $175,000. 

• 1996-1997:  Improvements along Ford and Jackson Streets were made to 

address flooding that would occur during most thunderstorms.  Cost estimated 

at $200,000. 

• 1996-1997:  Improvements to Foothills, Mt. Zion and Pinal Drive were made 

where local flooding caused damage during thunderstorms.  Cost estimated at 

$120,000. 

• Drainage improvements under Highway 6 at Colfax were implemented to stop 

flooding from routine thunderstorms:  $85,000. 

• 1998:  Improvements to 1st Street & Partridge Circle were implemented where 

there was frequent street flooding and property damage during thunderstorms:  

$84,500. 

• 1998:  Addition of a storm drain from Ford Street and 2nd west to Arapahoe 

Gulch to stop local flooding and icing problems was added:  $67,300. 

• 1998:  City added 2nd Street storm sewer line from Mitchell Elementary at 

Cheyenne Street to Arapahoe Gulch where there was local nuisance flooding:  

$54,200. 
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• 1998:  City added an Illinois Street storm sewer from Clear Creek to 13th 

Street and west to Cheyenne Street to eliminate nuisance flooding and icing 

problems:  $84,500. 

• The cost for all 1999 drainage projects was $440,000. The City does not have 

breakout for each project. 

• 1999:  City added a storm sewer on W. 16th Street from Violet to South 

Golden Road to eliminate flooding that occurred to homes adjacent to a 

drainage ditch on the east side of South Ridge Park.   

• 1999:  New storm sewer was also added in 14th from Ford to Washington, 

then south in Washington Street to 15th.  This eliminated local flooding that 

occurred between 14th & 15th during thunderstorms.   

• The 23rd Street/Vernon Drive to Ford Street storm drain was constructed for 

local flooding during thunderstorms:  $142,000 (date not provided by City). 

• In 2002, a storm drain was constructed along Washington Street from Clear 

Creek north to 8th Street.  This replaced an inadequate and collapsed storm 

drain at 10th and Washington and extended it to 8th Street. This reduced minor 

flooding at 10th and Washington, and provided some capacity for overflow 

from Arapahoe Gulch that flowed to the east:  $120,000. 

8.1.3 Clear Creek Studies and Improvements 

• 1982:  Master Plan completed by Wright–McLaughlin Consulting Engineers 

and co-sponsored by UDFCD, the City, and Jefferson County. 

• 1991: Flood berm completed in conformance with the 1982 Master Plan to 

remove the Golden Water Treatment Plant from 100-year floodplain.  This 

was completed as a part of a $4,500,000 plant expansion. 
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• 1999–2000:  Replacement of the Ford Street bridge to convey the 100-year 

flood; $1,650,000 was the total cost, and the Drainage Utility paid $1,125,765 

of this amount.  Additional money was provided by UDFCD, Open Space and 

the Golden Urban Renewal Authority.  (Note:  the timing of drainage and 

flood control projects in Golden has frequently been affected by the 

availability of funding from other sources; the Ford Street bridge project 

provides an example of this).   

• 2002–2003:  Replacement of the Washington Street bridge to convey the 100-

year flood as recommended in the 1982 master plan.  The total project cost 

was $3,800,000, with $1,325,000 contributed by the Drainage Utility.  

Additional money came from UDFCD, Sales and Use Tax Fund, Open Space, 

and the Golden Urban Renewal Authority.  The construction of the 

Washington Street bridge completed the master plan implementation in 

Golden.  The City is now completing a Letter of Map Revision (LOMR) with 

FEMA to finalize a new regulatory floodplain.  

8.1.4 Tucker/Cressmans Gulch Studies and Improvements 

• 1983:  Tucker Gulch Master Plan completed by Muller Engineering Company 

co-sponsored by UDFCD, City of Golden & Jefferson County. 

• 1989:  Completion of master plan improvements from Clear Creek to 7th 

Street.  This included channel and drop structure construction, property 

acquisition of trailer park that was in the 100-year floodway, and completion 

of trail and Vanover Park:  $2,100,000.  

• 1991:  Completion of minor improvements from 1st Street to the confluence 

with Cressmans Gulch.  (Cost unknown.) 

• 1991–1998:  Completion of improvements on Cressmans Gulch from the 

confluence with Tucker Gulch to the west side of Highway 93.  Completed by 
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developer of Mesa Meadows in conformance with UDFCD master plan.  

Improvements under Highway 93 completed by CDOT. 

• The completion of the Cressmans section completed the essential UDFCD 

Master Plan elements in Golden.  The City is now initiating a LOMR to 

finalize a new regulatory floodplain.  

8.1.5 Kenneys Run Studies and Improvements 

• 1983:  Kenneys Run Master Plan completed by Muller Engineering Company, 

co-sponsored by UDFCD, City of Golden, and Jefferson County.  

• 1988:  Completion of master plan storm drain recommendations on the east 

fork of Kenneys Run from 20th and Jackson Streets to South Golden Road.  

Cost unknown, but it was shared 50% by UDFCD. 

• 1999:  Completed recommended master plan improvements on the east fork at 

Johnson Road and South Golden Road as a part of the South Golden Road 

project; $80,000 from Drainage Utility. 

• 2001–2004:  Completed Master Plan recommendations on the east fork from 

Johnson Road and South Golden Road to the upstream terminus.  During this 

time period, Golden also completed the master plan detention and upstream 

recommendations on the west fork, starting west of Golden High School as a 

part of the recreation campus project. Total project cost $26,000,000. The 

drainage fund paid the drainage portions totaling $2,800,000. 

• The completion of the Kenneys Run detention and upstream improvements 

completed the master plan in Golden.  Golden is now completing a LOMR to 

finalize new floodplain.  
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8.1.6 Lena Gulch Studies and Improvements 

• 1975:  Completion of master plan with UDFCD, Jefferson County, Lakewood, 

Wheat Ridge, and Golden. 

• Various channel improvements, including concrete channel prior to 1988 from 

Ulysses Street to Zeta.  The City had little specific information on this project. 

• 1992:  Upper Lena Gulch Phase A evaluation completed by Boyle 

Engineering, for  UDFCD, Golden and Jefferson County. 

• 1994:  Upper Lena Gulch Phase B evaluation completed by Boyle 

Engineering, for UDFCD, Golden and Jefferson County. 

• Mid-1990s:  Completion of improvements from Heritage Road upstream by 

Golden, CDOT and Lafarge. 

8.1.7 Arapahoe Gulch/Magpie Gulch Studies and Improvements 

• 1992:  TST engineering study of flooding on Arapahoe and Magpie Gulch.  

This was the first study that delineated floodplain boundaries. Golden 

commissioned this study to evaluate concerns from the CDOT Highway 93 

Bypass and to analyze flooding at Cheyenne and 8h Street. 

• 1992:  City constructed a new storm drain with inlets from Clear Creek to 

Cheyenne and 10th Streets to relieve local flooding at a cost of $38,000.  There 

had been many complaints in this area and episodes of nuisance flooding.   

• 1992:  City constructed a new 36-inch secondary storm drain on Arapahoe 

Street under 2nd Street at a cost of $20,500. 

• 1993:  Lidstone and Anderson, Inc. analyzed detention alternatives.  This 

report looked at alternatives to improve previously urbanized areas through 

additional detention in the upstream reaches.  This information was not 
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completed under UDFCD contract, so funding was not available.  However, 

the information was provided to UDFCD to be incorporated into an upcoming 

master plan.   

• 1995:  Completion of the Arapahoe and Magpie Gulch Alternatives Report by 

WRC for UDFCD, Jefferson County, and Golden. 

• 1997:  Completion of the Arapahoe & Magpie Gulch Preliminary Design 

Report by WRC for UDFCD, Jefferson County, and Golden. 

• The City completed master plan storm drain recommendations from 10th and 

Cheyenne to 8th and Cheyenne to alleviate constant flooding along Cheyenne, 

at a cost of $94,000.  There had been many complaints regarding this 

situation.   

• 1999:  City added a storm sewer at 8th and Briarwood to convey the Magpie 

Gulch flows to the west around the Briarwood Inn to Clear Creek.  This kept 

the water out of the Church Ditch, and reduced flooding along 8th Street to 

Cheyenne Street, and down Cheyenne to Clear Creek.  The money for this 

project was included in the $440,000 spent in 1999. 

8.1.8 Green Mountain Studies and Improvements 

• 1975:  Hydro-Triad completed the basin master plan with the UDFCD, 

Jefferson County, Lakewood, and Golden on the Green Mountain drainages. 

• 1991:  Completed storm drain down Orion, 4th Street, Orchard Street to the 6th 

Street frontage road to eliminate flooding at a cost of $200,000.  This problem 

was compounded by the 6th Street Estates development that had graded the 

upstream site on Green Mountain prior to completing the necessary detention. 

The City and developer went to court over damages and the City lost.   
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• Mid-1990s:  Detention along the south side of Colfax on either side of 

Highway 6 was completed with a number of commercial developments.   

8.1.9 Annual Drainage Budgets Approved by City Council 

Table 22 summarizes annual drainage budgets approved by the Golden City Council.  Table 22 

does not include funding from other City funds, UDFCD grants, or other grants, which in some 

cases have been substantial.   



Engineering Evaluation of June 8 and 27, 2004 Floods in Golden, Colorado  
for Arapahoe Gulch and Fossil Trace Golf Course Tributary 

 

 
021-164.010 Wright Water Engineers, Inc. Page 96 
August 2004   

 

TABLE 22 

City of Golden Annual Drainage Budgets Approved by Golden City Council1

Year Annual Drainage Budget Approved 
by Golden City Council 

1987 $131,000 East Fork of Kenneys Run 
1988 $150,000 East Fork of Kenneys Run 
1989 $26,700 
1990 $0 
1991 $1,230,000 
1992 $100,000 
1993 $170,000 
1994 $75,000 
1995 $0 
1996 $85,000 
1997 $0 
1998 $0 
1999 $2,000,000 Ford Street bridge and 

general 
2000 $2,500,000 Kenneys Run and general 
2001 $75,000 general 

$50,000 Clear Creek 
2002 $700,000 Washington Street bridge  

$1,100,000 Kenneys Run 
2003 $300,000 Washington Street 

$70,000 local issues 
$100,000 Lena Gulch 

20042 $470,000 Arapahoe Gulch 
1 Does not include other City funds, or grants from other 

organizations such as the UDFCD.   
2 The $470,000 budget for Arapahoe Gulch in 2004 refers to 

planned culvert improvements from Clear Creek to 8th 
Street. 

 

8.2 WWE Analysis of Citizen Questions and Complaints 

This section analyzes the citizen questions and complaints presented in Section 8.1, in the same 

order that they are raised in that section.   
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8.2.1 Concern:  Arapahoe Gulch is Undersized; New Upstream Development 
Has Overtaxed Conveyance Capacity; City of Golden Should Not Have 
Permitted Upstream Development 

The Lower Arapahoe Gulch conveyance system capacity from approximately 2nd Street 

downstream to the outfall into Clear Creek is undersized.  The capacity of this system is 

exceeded in approximately the 2-year to 5-year flood according to numerous studies dating back 

to the 1980s.  In 1992, TST prepared Arapahoe Gulch floodplain mapping for the City of Golden 

that showed an extensive 10-year floodplain, with many buildings impacted (see Appendix C).  

Similar findings were developed by WRC in 1995 and 1997 on behalf of the UDFCD, Jefferson 

County and Golden.  In fact, in 1983, WWE had noted the inadequacy of the Arapahoe Gulch 

drainage system.  Compounding factors include:  Highway 58 acts as a dam; the City does not 

have adequate right-of-way along the channel so maintenance is limited, and many homes are 

constructed immediately adjacent to or in the channel, and have basements or first floors at or 

near grade, leaving them highly susceptible to flooding.   

Municipal authorization to build new development upstream from older neighborhoods with 

undersized major drainage systems is not unusual in the Denver metropolitan area, elsewhere in 

Colorado or throughout the United States.  Arapahoe Gulch represents the classic urban drainage 

problem that can be likened to a funnel.  The cone-shaped portion of the funnel represents new 

urban development while the tube at the bottom of the funnel represents an undersized major 

drainageway through older neighborhoods.  Much of the City and County of Denver developed 

in this manner, with development initially occurring near the South Platte River.  Growth spread 

outward and uphill.  In innumerable locations, new developments send runoff downhill through 

older neighborhoods.   

To address this situation, communities such as Golden have adopted drainage criteria and 

standards and master drainage plans.  Under the auspices of the UDFCD, Denver has long been 

recognized as a leader in the establishment of drainage criteria and standards, and preparation of 

major drainageway master plans.  The intent of such criteria/standards and master plans is to 

assure that the runoff from new development will not “cause more harm than formerly.”  (See 

Drainage Law Chapter in Volume 1 of the 2001 UDFCD Urban Storm Design Criteria Manual.)  
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One of the cornerstones of planning and design for new development is stormwater detention.  

Properly planned, designed, constructed and maintained detention facilities can limit post-

development peak runoff rates to pre-development peak runoff rates, thereby protecting 

vulnerable downstream properties. 

The City of Golden approved upstream development in Arapahoe Gulch with the knowledge that 

detention facilities would be designed in accordance with criteria and standards from the 

UDFCD and Jefferson County, thus limiting peak discharges to historic (pre-development) 

levels.  Development of this area had long been contemplated by the City.  The developers of the 

area retained competent engineers with substantial drainage experience to prepare plans that 

would comply with applicable requirements.  The drainage design reports, calculations, 

drawings, etc. prepared by these engineers specifically refer to the applicable Arapahoe Gulch 

master drainage plans, and state that they followed the policies and principles of these plans, 

including a commitment to implement detention facilities to reduce offsite discharges to historic 

levels. 

Arapahoe Gulch residents have raised reasonable questions regarding comparative pipe sizes—

why are the pipes and channels in the new development so much larger than the older Arapahoe 

Gulch conveyance downstream?  This is because the upstream drainage system is sized for the 

fully developed condition 100-year storm, whereas the downstream system will convey only 

about the 2- to 5-year storm.  The 100-year, fully developed criterion is consistent with the 

UDFCD and Jefferson County criteria upon which the City relies for their review of proposed 

developments.  Drainage facilities in the new development are properly sized while in Lower 

Arapahoe Gulch (from approximately 2nd Street downstream), the conveyance is substantially 

undersized. 

In light of all of this information, it was not wrong for the City to approve upstream 

development.  By the same token, however, the City knew that the outfall capacity from 2nd 

Street downstream was grossly undersized and that many structures would be inundated during 

even the 10-year flood, let alone the 100-year flood.  With the benefit of hindsight, the City 

might have increased conveyance capacity from 2nd Street downstream.  Of course, this would 
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have taken money away from other projects (described in Section 8.2) which, according to the 

City, had a more significant history of flooding and more citizen complaints than Arapahoe 

Gulch, which is why they had a higher priority.   

City staff told WWE that they do not have a written procedure for prioritizing drainage-related 

capital improvement projects (CIP).  Staff also stated, however, that such prioritization is 

accomplished by monitoring flooding frequency and number of complaints received around the 

City.  Another important factor is consistency of proposed improvements with previous master 

drainage plan recommendations. 

In WWE’s experience within Colorado and nationally, it is not unusual for a city such as Golden 

to not have a written CIP prioritization protocol for drainage projects.  Although some cities and 

counties do have such documents, many do not.  Though engineering/economic tools such as 

formal benefit/cost analysis exist and are used by some communities, it is more common for 

municipalities to prioritize CIP expenditures based on complaints, frequency of flooding and 

implementing improvements recommended by master plans.  Review of the drainage projects 

and related expenditures in Section 8.2 indicates that Golden has clearly reduced flood risks for 

many property owners, especially over the past decade.  It would be difficult to argue that the 

drainage-related projects conducted by the City were unnecessary or that they benefited only 

select interest groups.  (See Exhibit 8 for map of drainage improvement projects.) 

8.2.2 Concern:  Upstream Development Has Substantially Increased Peak 
Flows in Arapahoe Gulch 

This complaint is valid relative to some factors but not to others.  Upstream development has 

increased the 1) frequency of downstream runoff, 2) total runoff volume, and 3) peak discharge 

rates for small, frequently occurring storms (for example, the 2-year storm).   

This complaint is not valid for larger floods, such as the June 27, 2004 event.  Hydrologic 

analysis presented in Section 6.2 demonstrates that the new development did not increase peak 

flow rates on Arapahoe Gulch from 2nd Street downstream during the June 27, 2004 flood.  The 

detention facilities for the new development functioned as intended. 
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8.2.3 Concern:  The City Should Have Done More to Improve the Situation on 
Arapahoe Gulch 

As discussed in Section 8.1.1, the City has long had knowledge of the high flooding risk on 

Lower Arapahoe Gulch, from approximately 2nd Street downstream.  Similarly, the City has long 

had knowledge that there are many potentially feasible mitigation measures including, for 

example: 

• Floodproofing 

• Flood-prone property acquisition for high-risk structures 

• Floodplain “overlay,” with special regulation 

• Public notification/education 

• Providing additional conveyance capacity, as either an open channel or buried 

pipe 

• Additional upstream detention  

• Flow diversion 

The City has addressed the problems in Arapahoe Gulch in the following ways: 

1. The City commissioned comprehensive studies of Arapahoe Gulch, by TST in 

1992 and WRC in 1995 and 1997.  Both of these studies offered mitigation 

strategies. 

2. The City has improved isolated reaches of the drainage system, as summarized in 

Section 3.  These improvements were made primarily in response to complaints 

and local drainage problems. 

3. In the late 1980s, the City strongly advocated diversion of Arapahoe Gulch flows 

from the west side of the proposed Highway 93 Bypass into Magpie Gulch, 
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immediately to the south.  As part of this concept, the Magpie Gulch channel 

would have been enlarged and substantial detention would have been constructed 

to both reduce Arapahoe Gulch discharges into Magpie Gulch, and to reduce 

Magpie Gulch discharges into Clear Creek.   

The City, in conjunction with the developer of Canyon Point, advocated this 

concept in meetings with CDOT regarding the Highway 93 project.  The concept 

was conceptually designed by TST.  The City indicated to CDOT that a 

significant advantage of this concept would be reduced flood risk in Lower 

Arapahoe Gulch.  CDOT ultimately determined that this concept was not feasible, 

apparently due to incompatibility of a proposed detention facility and the 

interchange of the Highway 93 Bypass and Highway 58.  In addition, CDOT 

chose not to utilize detention for the Highway 93 Bypass, which increased the 

flood risk in Lower Arapahoe Gulch. 

4. The City worked with the developers of Canyon Point, other developers, and 

Jefferson County Schools to assure that applicable UDFCD/Jefferson County 

drainage criteria were followed as the area was planned and developed.  The City 

provided a review of proposed drainage plans and drawings in line with the 

adopted Jefferson County criteria.   

5. WWE asked City staff whether improvements to Arapahoe Gulch had been 

targeted in previous City Capital Improvement Plans.  In response to this request, 

the City provided WWE with relevant text from the 1999-2003 Capital 

Improvement Plans (CIPs) for the City.  As shown in Table 23, all of these plans 

included funding for unspecified drainage improvements to Arapahoe Gulch. 

TABLE 23 

Line Items in 1999-2003 City of Golden 
Capital Improvement Plans Pertaining to Arapahoe Gulch 

Year of 
Capital 

Funding Amount and 
Targeted Year of 

Quotation from Capital Improvement Plan 
Regarding Arapahoe Gulch 
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Improvement 
Plan 

Expenditure 

1999 $1.35 million projected 
for 2001 (Golden 
anticipated that ½ of 
this, or $675,000, would 
come from UDFCD 
matching funds) 

“In 2001, the bond proceeds will make significant capital 
improvements to Arapahoe Gulch drainage, our third most 
critical flooding potential.” 

2000 $675,000 for Arapahoe 
Gulch targeted for 2001 

“Major projects are the Kenney Run detention pond for 
2000, Arapahoe Gulch improvements in 2001, and 
replacement of the Washington Avenue bridge in 2002.” 

2001 $675,000, targeted for 
2004 

No specific statement regarding Arapahoe Gulch. 

2002 $675,000, targeted for 
2004 

No specific statement regarding Arapahoe Gulch. 

2003 $470,000, targeted for 
2004 

“Major projects are the Washington Avenue bridge 
contributions in 2002 and 2003 and Arapahoe Gulch 
improvements in 2004.” 

 
The 2000, 2001, and 2002 CIPs included “Urban Drainage Contributions” of $800,000, 

$675,000, and $900,000, respectively.  This apparently refers to anticipated contributions from 

the UDFCD and other organizations. 

In the 2001 and 2002 CIPs, there were not statements about Arapahoe Gulch, specifically.  

However, the following quotations regarding drainage improvements from the 2001/02 CIPs are 

instructive: 

• From 2001 CIP—“This CIP continues the drainage improvements that the 

City Council began in 1999 with the establishment of the Drainage Utility.  In 

that brief time, we constructed over $1.5 million in new drainage control 

infrastructure and through the CIP plan, over $6 million in additional flood 

control projects, with significant matching expenditures by the metropolitan 

Urban Drainage and Flood Control District, will be built.  These expenditures 

reduce nuisance flooding and more importantly, reduce serious threats to life 

and property.  The CIP plans for $890,000 in ongoing capital repair and 

replacement of the next ten years so that the new drainage improvements will 
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be maintained on a useful life replacement basis just like all of our other 

public assets.” 

• From 2002 CIP—“The Drainage Utility is still building necessary drainage 

improvements to protect the citizens of Golden from unnecessary danger and 

loss of life in flash flooding situations.  The biggest project for 2002 will be 

the Kenney Run improvements that are being constructed as part of the golf 

course.  Council knows many of the water features on the golf course are 

designed to serve as floodwater detention basins to protect downstream 

properties. 

In late 2002 when Clear Creek is at its lowest, work will begin on the new 

Washington Avenue bridge so that additional floodwaters will pass 

underneath the bridge and remove City Hall, Museum, Library and many 

residences from the floodplain.  The Drainage Utility will also continue the 

ongoing capital replacement of drainage structures, operations and 

maintenance, which would not be possible without this dedicated source of 

funds.” 

Regarding the 2003 CIP-targeted expenditure of $470,000 for Arapahoe Gulch in 2004, WWE 

interviewed Mr. Dan Hartman, P.E., City Public Works Director regarding the work that would 

be accomplished.  Mr. Hartman noted that planning was moving ahead rapidly for improvements 

between 8th Street and Clear Creek when the June 2004 floods occurred.  In light of these events, 

and pending an outside analysis of the drainage situation on Arapahoe Gulch, the City put this 

project on hold. 

From initial discussions with City staff, it appears that some of the funding that had been 

targeted in the 1999-2003 CIPs for Arapahoe Gulch was redistributed to other projects that had a 

higher priority.  This practice is not unusual for municipalities, as needs are constantly 

reassessed/reprioritized. 
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Given the steps taken by the City, listed above, the question becomes whether the City should 

have done more on Arapahoe Gulch.  With the benefit of hindsight, it would have been desirable 

for Golden to have allocated more money in Arapahoe Gulch.  However, this would have taken 

money away from other projects around Golden that have significantly reduced flooding risks.  

In general, these projects were conducted in areas that had a more significant flooding history 

and/or history of complaints than Arapahoe Gulch.  As is the case in most communities in 

Colorado and the United States, the drainage needs in Golden are far larger than the available 

drainage funds, and it is necessary to prioritize projects.   

8.2.4 Concern:  City Did Not Provide Adequate Warning to Arapahoe Gulch 
Residents That Properties Were in an Area of High Flood Risk 

Dating back to at least the early 1980s, the City had knowledge of the high flood risk on 

Arapahoe Gulch, and the fact that the conveyance was undersized.  Based on interviews that 

WWE conducted with property owners and City staff, the City has not notified property owners 

of this flood risk.  In fact, it appears that the City has continued to issue building permits for 

properties that are potentially subject to flood damage along Arapahoe Gulch.  If Arapahoe 

Gulch had been included on a Flood Insurance Rate Map (FIRM) or FHAD study, written annual 

notification to relevant property owners would have been provided.  Drainage channels with 

tributary areas less than 1 square mile are not typically studied or mapped by the Federal 

Emergency Management Agency (FEMA).  Both of the drainages that are the subject of this 

report have drainage areas less than this 1-square-mile threshold.   Property owners have stated 

to WWE that had they known that their properties were subject to flooding, they would have 

purchased flood insurance. 

Whether the City of Golden had a duty to notify relevant property owners in Arapahoe Gulch of 

the existing flood hazard is a gray area; some facts indicate yes, while other facts indicate no.  

Table 24 was prepared to summarize these factors. 
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TABLE 24 
Factors Influencing Whether or Not City of Golden  
Had Duty to Notify Property Owners of Flood Risk 

YES—City Had This Responsibility NO—City Did Not Have This Responsibility 

• Fundamental responsibility of local governments 
is to protect public health, safety, and welfare.  
In addition, primary responsibility of registered 
professional engineers is to protect public 
health, safety, and welfare. 

• City has had knowledge of flood hazard for at 
least 20 years.  City has thoroughly studied the 
problem.  City staff have discussed the problem 
and recognized the area to be high risk. 

• Flood hazard is obvious—conveyance 
downstream from 2nd Street is undersized. 

• Although benefit/cost (B/C) analysis for flood 
control alternatives was not conducted by WWE 
as part of this evaluation, it is probable that B/C 
analysis would demonstrate feasibility of 
proceeding with various flood control strategies, 
such as property acquisition and floodproofing. 

• City of Golden has collaborated with UDFCD on 
various projects and is a community within 
boundaries of UDFCD.  UDFCD’s consistent 
recommendation to communities is to fully 
inform citizens of flood hazards when 
communities have knowledge of them. 

• Golden participates in the National Flood 
Insurance Program (NFIP).  Notification is 
consistent with intent and “spirit” of NFIP, 
including the note often found on FIRMs 
pertaining to smaller, unmapped tributaries that 
essentially states:  No floodplain has been 
mapped but flooding can occur. 

• Public funds were spent to prepare the 1992 
City Master Drainage Plan, which showed 
portions of Arapahoe Gulch to be a high-hazard 
area, and the 1995-1997 Master Plan for 
Arapahoe Gulch.  Consequently, the public 
should have been informed of the results. 

• Some cities in the United States would have 
notified property owners under these conditions, 
such as Tulsa, Oklahoma.  

• Notification would have induced property owners 
to purchase flood insurance. 

• Without notification, property transactions will 
occur without purchaser knowing of flood 
hazard. 

• The flood risk should have been obvious to 
many of the property owners.  In fact, comments 
made by property owners following the June 27, 
2004 storm indicate that at least some of them 
were aware of the flood hazard. 

• There is little history of significant flooding on 
Arapahoe Gulch.  Consequently, despite the 
fact that various engineering studies stated that 
there was a significant flood risk, the flooding 
history of Arapahoe Gulch did not indicate that 
there was an urgent problem. 

• The common practice of local governments in 
the Denver metropolitan area is to notify the 
owners of properties within hazard zones on 
FIRM and FHAD Studies.  It is not common 
practice to notify property owners who are 
subject to flood/drainage risk in non-mapped 
areas, even if these areas have been master 
planned.  Requiring local governments to 
disclose flood risks in smaller, unmapped 
drainage areas would be burdensome and 
expensive.  Furthermore, if there is a duty for 
municipalities to notify property owners of flood 
and drainage risks in smaller, unmapped 
drainage areas, where would such a 
requirement cease to apply? 

• There are innumerable risks that a municipality 
could conceivably inform residents of, so 
reasonable boundaries on notification must be 
imposed.   

• If the City officially notifies, property values 
decline and property owners become upset. 

• The City had received few questions or 
complaints from Arapahoe Gulch property 
owners downstream from 2nd Street, particularly 
before the July 29, 2003 flood. 

• Arapahoe Gulch is not in a designated FIRM or 
FHAD floodplain.  Whereas property owners 
who live in a FIRM or FHAD floodplain are 
notified annually of their flood risk, those who 
own property outside of the FIRM or FHAD 
floodplain are typically not notified. 
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Table 24 demonstrates that the question of whether Golden had a duty to notify under these 

conditions is complicated, ambiguous, and strongly influenced by legal, political, institutional 

and economic considerations, in addition to engineering considerations.  From strictly an 

engineering standpoint, and as licensed Professional Engineers, WWE recommends that future 

notification should occur under comparable circumstances. 

8.2.5 Concern:  The Fossil Trace Golf Course, in Conjunction With New 
Development and Roadway Construction Projects, Has Increased the 
Flood Risk in Neighborhoods Downslope from the Course 

As discussed in Section 7, the golf course did increase downstream flows during the June 27, 

2004 flood; however, the increased flow did not cause an increase in the maximum flood depth 

at the downstream properties that flooded (near 20th and Washington).  WWE has not quantified 

the effects of the other recent changes, including “infill” development and modifying the 

intersection of 19th Street and Illinois Street.  However, although these actions did increase flows 

in the neighborhood, given the nature and magnitude of the June 8 and 27, 2004 storms, these 

factors were likely not significant. 

8.2.6 Concern:  Highway 93 Bypass Should Have Had Detention  

The Highway 93 Bypass should have included detention.  As discussed in Section 6, the City of 

Golden strongly advocated re-routing large portions of Arapahoe Gulch into an improved 

Magpie Gulch channel, in a project that would have also included substantial detention.  

However, CDOT ultimately determined that this would not be feasible, and did not implement 

detention. 

8.2.7 Concern:  Golden Should Have Imposed Special Requirements on 
Upstream Development, But Did Not Because It Has A “Pro 
Development” Attitude 

Although the City could have imposed special requirements on upstream developments to secure 

City approval, such as providing financial assistance for the implementation of mitigation 

measures for Lower Arapahoe Gulch, the following factors prompt questions regarding the 

feasibility of this: 
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1. Interviews conducted by WWE with UDFCD and others indicate that this would 

be highly unusual in the Denver metropolitan area, and in many other areas of the 

United States. 

2. As per the chapter on “drainage law” in Volume 1 of the UDFCD Urban Storm 

Drainage Criteria Manual, the basic legal responsibility of developers is to assure 

that post-development discharges do not “cause more harm than formerly” to 

downstream properties.  In the Denver metropolitan area, this is primarily 

accomplished by adhering to recommendations of relevant major drainageway 

master plans, designing in accordance with recommendations and criteria of local 

governments and the UDFCD and implementing detention facilities to assure that 

post-development runoff rates do not exceed pre-development runoff rates.  In the 

case of the developments in the upper areas of Arapahoe Gulch, these 

requirements were met by the developers.  Even though Jefferson County Public 

Schools (Jeffco Schools) did not have the obligation to adhere to these 

requirements, City of Golden staff told WWE that Jeffco Schools voluntarily did 

so with Mitchell Elementary School. 

3. Hydrologic analysis conducted by WWE, as described in Section 6.2, shows that 

even if 25% additional detention had been integrated into the headwaters of 

Arapahoe Gulch, there would have been little difference during the June 27, 2004 

flood.  Similarly, even if the preferred alternative in the 1995-1997 Master Plan 

had been implemented, there would still have been substantial flood damage 

during the June 27, 2004 storm.  In other words, two projects that the City might 

have asked developers to contribute to would still have resulted in substantial 

flood damages on June 27, 2004. 

4. The developer of Canyon Point, Coors-Golden Equities, pushed hard in 

collaboration with the City of Golden for a bypass for Arapahoe Gulch flows west 

of Highway 93, but CDOT determined this was not feasible. 
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Regarding assertions that Golden has a “pro-growth” attitude and that the City requires little 

from developers in terms of drainage, WWE observes that: 

1. All of the developers and their engineers needed to comply with requirements and 

criteria of the UDFCD and Jefferson County.   

2. As described in Section 6.3, WWE’s initial review found no major problems with 

the engineering analysis/design work for the developments upstream from 2nd 

Street. 

3. Although Golden’s review procedure was not as detailed or rigorous as in some 

other cities and counties within the Denver metropolitan area, the City provided 

an initial review for completeness and regularly met with the developers and their 

engineers.  The City’s philosophy was to rely on the expertise of the professional 

engineer who was stamping the relevant reports and drawings, and this viewpoint 

is shared by many municipalities in the Denver metropolitan area, as well as 

throughout the United States.   

4. Our interviews indicate that Golden does not avail itself of the technical review 

and other services that the UDFCD offers as often as many other communities do; 

however, in WWE’s experience, it is desirable to secure UDFCD’s review and 

perspective on most projects, particularly where there are significant flood 

hazards. 

8.2.8 Concern:  Property Owners Downstream From Fossil Trace Golf Course 
Have Repeatedly Complained to City Regarding Drainage Problems 

City staff confirmed to WWE that complaints from property owners downstream of the north 

portion of the Fossil Trace Golf Course go back many years, although no one was able to 

provide a specific time when the complaints started.  The basic problem in this area is that there 

is no storm drain, which means that the streets must convey all runoff.  This is why the streets 

regularly filled to capacity (roughly, at least once every 2 years, based on interviews with local 

residents), even before the golf course was constructed.  Problems noted by local residents 
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include ice build-up in the winter, muddy runoff water, street deterioration in response to regular 

and high velocity flows and projects involving the City that made the situation worse, such as 

regrading the intersection of 19th and Illinois and allowing infill development without detention.  

Many people interviewed also noted that the storm drain inlets at the intersection of 20th and 

Washington are ineffective.  Although the City has attempted to address some of these 

complaints by breaking up ice, street sweeping, and street patching, the fundamental problem (no 

storm sewer inlets) has not been addressed. 

Until recently, the drainage situation in this area had not been formally studied by the City.  The 

City now has a contract with TST to prepare construction drawings for a storm drain system in 

this area, which will mitigate many of the concerns raised by property owners.  Based on 

interviews with staff from TST and a review of their in-progress drawings, the capacity of this 

drain will be approximately the 5-year storm.   

8.2.9 Concern:  City Expenditures From Drainage Have Been Unbalanced, and 
Have Favored Newer, High-Value Neighborhoods Over Older, Low-Value 
Neighborhoods 

Although drainage-related expenditures have not been rigorously and quantatively evaluated by 

WWE, based on the information presented in Section 8.2 and Exhibit 8, drainage projects have 

been equally distributed around the City.  For example, Golden has implemented projects that 

have significantly reduced flood hazards in Kenneys Run, Tucker Gulch, downtown Golden and 

in the Clear Creek corridor.  City drainage expenditures have typically addressed areas of known 

problems and multiple complaints.  This is common in many municipalities throughout the 

country. 

8.2.10 Concern:  City Maintenance of Arapahoe Gulch From 2nd Street 
Downstream Has Been Poor 

Based on interviews and documents reviewed, the City’s overall storm drainage maintenance 

program is consistent with other municipalities in the Denver metropolitan area.  It has long been 

the practice of the City to regularly inspect storm drainage facilities and to promptly address 

problem areas.  When the City has received complaints regarding lack of maintenance on 

Arapahoe Gulch, they have generally responded promptly.   
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The City’s ability to maintain Arapahoe Gulch downstream from 2nd Street is severely 

constrained by lack of a maintenance easements in various reaches of the drainage.  Although 

WWE’s interviews with some property owners indicated that they would provide maintenance 

access to the City, City staff told WWE that other property owners are unwilling to provide 

maintenance access and that their staff have literally been “chased away” from certain reaches of 

the channel.  It is not appropriate for a municipality to have to rely on on-the-spot permission (as 

opposed to easements) from private property owners to maintain a major drainageway. 

WWE’s field inspections indicate that there is significant potential for flood debris, because 

homes are located virtually on top of or next to the drainage channel.  There are numerous 

sources of potential debris at these locations such as firewood, children’s toys, lawn furniture, 

landscaping materials, etc.  The City has no practical way to control debris sources of this kind.  

Overgrown vegetation adds to the problem. 

The lower reach of Arapahoe Gulch consists of alternating sections of open channel and culverts.  

The entrances to the culverts lack trash racks, so they are susceptible to capacity loss due to 

debris.  This also poses a public safety risk. 

8.2.11 Concern:  The Loss of Detention Storage Immediately North of 6th Street 
Aggravated Downstream Flooding 

Concern was expressed about the loss of in-channel storage immediately north of 6th Street, in 

the course of creating a parking lot for an apartment building in the mid-1990s.  This concern 

was analyzed in Section 6.2.  That analysis demonstrated that even if this detention had been in 

place on June 27, 2004, there would have been virtually no change in downstream peak flows or 

flood depths.  A brief summary regarding the transformation of this historic reach of open 

channel into a closed conduit is also provided in Section 6.2 




