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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 



 
 

Executive Summary 
Engineering Evaluation of June 8 and 27, 2004 Floods in Golden, Colorado  

for Arapahoe Gulch and Fossil Trace Golf Course Tributary 
 
 

5

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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