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CHAPTER V

ALTERNATIVES FOR DRAINAGE IMPROVEMENT

In the previous chapters, we have developed the design floods for 2-, 10-,
and 100-year floods, and have estimated the flooding and damage under a "base" con-
dition, assuming no improvements to the drainage facilities, In this chapter, we de-

veloped alternative schemes for improvements, and estimate their effect on reducing

damages.

Alternatives to be Considered

In Paragraph 3.A. (5) of our contract with the District, seven altematives

were suggested :

(@) A natural type waterway for the Creek following the gen-
eral historic channel of the stream, such historic channel
being determined from old aerial photographs, old mapping,
and from local records,

(b) ' The installation of major underground conduits along the
general course of the historic stream channel, using local
right-of-way wherever possible,

(c) Relocating channel to routes other than historic channel,

(d)  The use of lined flood channels in order to reduce right-of-
way requirements,

(e) Combination of any of the above,

()  The use of flood plain zoning only.

(g9 Other,

We have considered each of these measures and concluded that a combination
of both structural and nonstructural measures offer better alternatives to solving drain-
age problems in First Creek basin, Further, we have concluded that there is no place
in First Creek basin that warrants the installation of major underground conduits along

the general course of the historic stream channel.
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Natural Type Waterway

From our examination of the historical channel for First Creek, we have con-
cluded that generally the existing channel does follow the historic channel except in
few areas in the lower portions of the basin, First Creek channel from O'Brien Canal
to approximately Highway 85 as it stands today is practically nonexistant, This is be-
cause First Creek is discontinued at the point where it flows into O'Brien Canal. Down-
stream from this confluence poinht and to Highway 85 the creek channel is levelled and
integrated into the farmland. Also, downstream from Fylton ditch, it appears that the
natural historic channel of First Creek has been changed. From old maps it shows that
the Creek flowed in a due westerly direction downstream from Fuylton Ditch and inter-
sected Bull Ditch before flowing into South Platte River at a pont in W3 of 5.9, T.25S,,
R.67W. At the present time First Creek, downstream from Fulton Ditch, flows in a
northerly and then in a northeasterly direction before entering South Platte River at a
point in NWj of S,3, T.2S., R.67W. Downstream from Fulton Ditch, First Creek flows
within South Platte flood plains, It is expected that this area will not experience much

change in its use in the future,

Relocating Channel

Relocating the channel to other routes was considered in the investigation of
an offstream storage site within Rocky Mountain Arsenal and near 9th Avenue. This
site is located on a small tributary of First Creek and offers potential storage capacity
for a smaller embankment. The improved channel between O'Brien Canal and Highway

85 follows a more economical route, and is slightly different than the historical route.

Lined Channels

Generally the use of concrete lined channels to reduce right-of-way require-
ments is a good solution to improve drainageways. We have concluded that channel

concrete |ining anywhere in First Creek basin is not warranted,



Flood Plain Zoning

Flood plain zoning is a "non=structural " alterative, in which restrictions are
placed on development within the flood plain., First Creek Drainage Basin in its pre-
sent form is sparcely developed along its waterways, This alternative offers an excellent
solution to First Creek drainage problems, Flood plain zoning needs to be implemented,
the sooner the better, before further encroachments into waterways take place, This

will allow waterways to remain in their natural state, and at the same time minimize

adverse effects on the environment,

Flood plain zoning coupled with some structural improvements would be very
effective in reducing flood damages. These improvements are discussed in respec-

tive alternative utilizing flood plain zoning concept.

Alternate Plans

We have considered the drainage improvements stipulated in our contract, as
described above, and have initially concluded that nine different alternatives be in~
vestigated in a preliminary manner to determine the costs associated with their imple-
mentation, and compare these costs with reduction in damages if the plan isimple~
mented, The feasibility of these nine alternatives were discussed with the represen-
tatives of the district and municipalities and were narrowed down to three alternatives

for further detailed study., These three alternatives include:

Plan A - Construction of Arsenal Dam, improvements
upstream and downstream from the dam, and
flood plain zoning.

Plan B - Flood plain zoning and improvements in the
entire basin.

PlanC -~ Elevate Smith Road roadway, improve=
ments downstream from Smith Road, and

flood plain zoning,



Above plans were evaluated by comparing the benefits and costs of the plans

and their present worth,

Detention at Arsenal

Planned ponding along the main channel can have a profound effect on the re-
duction of peak discharge, with consequent cost reduction of downstream drainage works.
Due to topographic orientation and the arrangement of crossing roads and railroad tracks
in the basin, four possible ponding locations located within the boundaries of the Rocky
Mountain Arsenal were investigated, The detention on First Creek main stem as shown
on Plate V-1 is located in Section 31, township 2 South, Range 66 West was found to be
more economical. Flood routing computations were performed by varying the reservoir
elevation and the outlet capacity. We found that the best flood peak reduction could
be obtained with a high water surface elevation at 5234, At this water surface eleva-
tion, the pond capacity is approximately 2,000 acre feet and will be able to accomo-
date the 100-year flood, This preliminary sizing of the pond capacity was accomplished
utilizing U,5.G.,S. quadrangle sheets, Better contour maps will be needed for Phase B

of this study to more accurately define the dam and reservoir parameters,

Smith Road Detention

The procedure described above to size the detention facility at the Rocky
Mountain Arsenal was utilized to size the Smith Road Detention. Smith Road pond,
as shown on Plate V-2 is located in Sections 4 and 9, Township 4 South, Range 65
West, The best flood peak reduction could be obtained with a high water surface

elevation at 5580 At this elevation the pond capacily is approximately 740 acre feet,

Upstream and Downstream Improvements

Upstream and downstream improvements vary from one alternate plan to
another. Drainageways were improved to a level where costs were economically
compatible with the reduction in damages afforded by the improvement. Further, the

cost of the improved facility also influenced the flood design frequency utilized for



that specific improvement, For example, it could be said that generally culverts were
designed for 10-year flood, bridges for 25-year flood, and detention embankments for

100-year flood. Specific improvements for each alternate plan included:

Plan A - Construction of the Arsenal Dam; Improvement of
Drainage facilities at Fulton Ditch, Brighton Road,
U.S. Highway 85, Union Pacific Railroad, 104th
Avenue, Interstate 80S, Burlington Ditch, O'Brien
Canal, Highway 2, Havana Street, Peoria Street,
96th Avenue, Buckley Road, 26th Avenue, Smith
Road, Gun Club Road, Smith Road (Arapahoe High-
way 81); and Channel improvements between Fulton
Ditch and Brighton Road, Highway 85 to 94th Avenue,
and upstream of Buckley Road; and Flood plain zoning

for the routed 100-year flood.

Plan B - Improvement of drainage facilities and channel im-
provements at all locations described in Plan A, and

flood plain zoning for the future 100-year flood.

Plan C - Elevating of Smith Road roadway, improvement of drain-
age facilities at locations described in Plan A to accomo-
date the routed flows through the reservoir, and flood

plain zoning for the routed 100-year flood,

Flood Plain Zoning

Areas delineated as flood plain will vary depending on the alternative plan
adopted for First Creek. In this phase of the study, flood plain for existing and future
100-year storms, with the existing facilities remaining the same in the future, were pre-
sented in Plate IV=1, In Phase B of the study, flood plains will be delineated for the
specific alternative adopted for First Creek. This delineation will be shown on maps

with 1" = 100’ scale, having a 2 feet contour interval,



Flood plain zoning is one of the most frequently employed device for flood
plain management, The zoning authority is usually delegaied to local governments
in incorporated areas, and county governments normally exercise zoning powers in the
unincorporated areas, Flood plain zoning could take the form of an ordinance requiring
that no improvements to the real estate be allowed to take place within the delineated
100-year flood plain, With flood plain zoning it would be possible to retain the natural
environment of the channel, preserve the natural capacity of the channel to carry flood
water, avoid water pollution resulting from flooding of sewage treatment facilities lo-
cated on flood plain, protect prospective home owners from locating in flood-prone
areas, create more open space that could be used for recreation, preserve potential
for natural ground water recharge during flood events, and restrict uses that could be

hazardous to health and welfare of the residents,

Reduction in Flood Flows

Downstream flood peaks would be significantly reduced with the detention
ponds at Smith Road and Rocky Mountain Arsenal, Tables V-1, V-2, show the estimated

reductions in peak discharges for the 100-year floods, due to the construction of Smith
Road and Arsenal ponds respectively,

As shown, the reduction in flows due to Smith Road ponding decreases as we
move downstream along First Creek. Immediately downstream from the embankment the
reduction in flows, is approximately 73 percent, This percent reduction is only about
21 percent in the lower reaches of First Creek. These percentages amount to about 2,100
to 1,600 cfs in flows respectively, Reduction in flows due to detention at Rocky Moun=
tain Arsenal is more substantial, Percentage reductions vary from 98 percent ot 96th
Avenue to 87 percent at South Platte River, These percentage reductions amount to

about 7,200 to 6,400 cfs in flows respectively.

Initial Construction Costs

We have estimated initial construction costs for each one of the three alter-

natives studied, Unit prices used in the cost estimate are those already utilized in
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estimating damages, and were presented in Table V-2, Construction costs for each

alternative are presented in Table V-3,

Economic Analysis

Initial construction costs described above and annual costs were tabulated
and estimated for each one of the three plans, Annual cosls included principal and
interest payments, and operation and maintenance costs over the lifetime of the pro-
ject. Initial construction costs are assumed to be repaid in a 25-year period. Annual

operation and maintenance costs used in this analysis are as follows:

ltem Unit Annual O & M

(%)
Rocky Mountain Arsenal Dam Lump Sum 10,000.,00
Smith Road Embankment Lump Sum 6,000,00
Closed Conduits Lin, Ft, 1.00
Open Grass-lined Channels Lin. Ft. 1.75
Open Riprapea Channels Lin, Ft, 0.75
Open Natural Channels Lin, Ft, 0.50

All drainage improvements are considered government owned and therefore

exempted from any form of taxes,

The life duration of all the drainageway improvements is assumed for this
analysis to be 50 years. Annual costs during the first 25 years will be higher than
the annual costs for the second 25 years, due to the payment of principal and interest

on the initial construction costs during the first 25 years,

Average annual benefits for each plan were developed from reduction in
damages due to the implementation of the specific plan. Average annual damages
in the First Creek basin for the base (continuation of existing conditions) alternative

were estimated in Chapter IV to be $289,000,



From these initial construction costs, average annual costs, average annual
benefits, the feasibility of the three different plans were evaluated utilizing a 50-year
period as project life and 5.5% interest rate. It was felt to be desireable to yse more
than one approach to evaluate different plans, This is because each approach utilizes
a different parameter to reflect the attractiveness of a specific plan, The magnitude of
these parameters could vary appreciably depending on the approach and assumptions
used to compute its value., Further, this will aid the decision maker to more clearly
compare the different plans before deciding on a specific plan for adoption. Therefore,
three different approaches were used to evaluate these plans; they include comparison
of annual benefit cost ratios, present worth of net benefits derived from each plan,

and comparing annual costs for each plan.

Annual benefit-cost ratios for each plan, during the first and second 25 years
of the project life and also the average value during the entire 50 years of the project

life were computed. The results of these computations are shown in Table V-4,

Present worth of net benefits derived from each plan were computed by sub-
tracting the present worth of all costs from the present worth of the benefits realized

over the 50 years of the project lifetime, The results of these computations are shown
in Tables V-5, V-6, and V-7,

Finally, we evaluated the three plans by strictly evaluating their impact on
reducing average annual costs. In this approach it is assumed that the community pays
for the flooding, either by paying for the damage as it occurs under the base alternative,
or by making an investment in implementing an improvement plan, The impact of time
on money in this approach is discounted, i.e., all costs are financed from the existing

tax structures. The results of this analysis are given in Table V-8,

Consistently in all the three approaches Plan A shows to be more attractive,
Annual benefit cost ratio over the 50-year period for Plan A is 3,29 as compared to 2,28
and 2,16 for Plans B and C respectively. Net benefits derived from Plan A over the 50
year period is $2,649,000 as compared to $1,586,000 and $1,518,000 for Plans B and

C respectively. In the least annual cost approach Plan A shows an annual cost of $76,000
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as compared to $96,000 and $90,000 for Plans B and C.

The impact of increases in labor, materials and interest rates on Plan A as
analyzed by the above three approaches were next evaluated. Plate V=3 shows the
results of such an analysis. We can see that if drainageway improvements suggested
in Plan A were to be constructed immediately, and financed at an interest rate of 5.5
percent, the average annual benefit-cost ratio of the project would be 3.29. However,
if Plan A is implemented at some time in the future, when for example, the costs have
increased by 300% and interest rates were at 10 percent, the average annual benefit-
cost ratio for the project would be 0.63. This illustrates the need to implement the
plan immediately, if the present situation of increases in labor, material and interest

rates continue to rise,

Benefits included in the above analysis were limited to those realized directly
from reduction in flood damages. Additional benefits will be realized from implemen=
tation of anyone of the flood reduction plans. Inclusion of these benefits in the eco-

nomic analysis would increase the attractiveness of each plan,

An agttempt here was made to evdluate benefits realized from activities appli-
cable to First Creek basin such as the use of bridal and bicycle paths, sightseeing,
picnicking, camping and refuge areas. Sites of potential recreational value were first
identified and their areas computed, Annual visitation figures per unit area, based
primarily on similar uses for a number of projects within tte Rocky Mountain region
and Denver area, were next developed. The source of this information included agencies
such as Colorado Parks and Outdoor Recreation Division, and United States agencies such
as Bureau of Outdoor Recreation, Soil Conservation Service, Army Corps of Engineers,
and Bureau of Reclamation. Guidelines of Water Resources Council for value per visi-
tation were used in this study, The range of these parameters for different areas,

adjusted to conditions in First Creek basin, and used in this study were as follows:

Annual visitations per acre 5-75

Value per visitation $0.25-$1.25



Visitation numbers for each plan, coupled with their value, were used to
develop the benefits for each plan, The results of this analysis were an annual bene-

fit of $39,000, $32,000, and $24,000 for each of Plans A, B and C respectively,

Conclusion

Anyone associated with estimating costs and damages of flooding know that
there is a good deal of uncertainty in the best forecast or prediction; nevertheless, we
believe that our analysis of the damages and costs of flooding and protection works in

the First Creek basin clearly demonstrates the economic advantage of Alternate Plan A,

Recommendations

It is recommended that flood plain zoning for the routed 100-year flood be
instituted and proposed drainageway improvements in Plan A be implemented in First
Creek basin, Both of these recommendations should be implemented as soon as funding

is available with higher priority be given to the flood plain zoning.



TABLE V -1

REDUCTION IN
FIRST CREEK DESIGN FLOWS (CFS)
DUE TO DETENTION
AT SMITH ROAD
(100 - YEAR FLOOD)

Flow Flow % Reduction
Location With Detention Without Detention* In Flow
Smith Road 760 2,850 73.3
Interstate Highway - 70 2,220 3,690 39.8
Gun Club Road 2,650 3,340 31,0
Union Pacific Railroad 3,030 3,980 23.9
26th Avenue 3,170 4,000 20,8
Piccadilly Road 3,470 4,040 14,1
Confluence with Tributary F 5,310 6,420 17.3
Tower Road 5,530 6,570 15.8
56th Avenue 5,580 6,610 15,6
Buckley Road 5,730 6,720 14,7
96th Avenue 5,780 7,380 21.7
Peoria Street 5,780 7,380 21,7
O'Brien Canal (Colo. Highway 2) 5,780 7,380 21,7
Burlington Ditch 5,780 7,380 21,7
Interstate Highway 80 S 5,780 7,380 21.7
U. S. Highway 85 5,780 7,380 21,7
Brighton Road 5,780 7,380 21,7
South Platte River 5,780 7,380 21,7

* Representing flows for future development conditions with existing facilities.



TABLE V -2

REDUCTION IN
FIRST CREEK DESIGN FLOWS (CFS)
DUE TO DETENTION AT
ROCKY MOUNTAIN ARSENAL
(100 - YEAR FLOOD)

Flow Flow % Reduction
Location With Detention Without Detention* In Flow
First Creek at
96th Avenye 140 7,380 98.2
Peoria Street 240 7,380 96.7
O'Brien Canal (Colo. Highway 2) 380 7,380 94.9
Burlington Ditch 450 . 7,380 94.0
Interstate Highway 1-80S 570 7,380 92.3
U.S, Highway 85 700 7,380 90.5
Brighton Road 750 7,380 89.8

South Platte River 960 7,380 86.9

* Representing flows for future development conditions with existing facilities,



TABLE V-3

CONSTRUCTION COSTS
(In Thousand Dollars)

Reach/Reaches

Above Interstate Highway - 7

Interstate Highway = 70 to Piccadilly
Road and

38th Avenue to South Platte River

Piccadilly Road to 38th Avenue

TOTAL

Plan - A

50

1,361

31

1,442

Plan -8

50

2,487

31

2,568

Plan - C

395

2,408

19

2,822



TABLE V-4
BENEFIT TO COST COMPARISON

(51, 000)
Costs Benafits Average Annuc! Benefit Cost Ratio
Annual Cost Annual
Initicl Capital Annugl v > Average Reduction
Construe= Recovery O & M First Second Averoge Anrusl in Damages Firs Secord Entire
Plan Ce:cripricn tion Cost  Factor* Cost 25 years 25 years 50 yean Domages {Benefits) 25 years 25 years 5C years
n (2 3 (4) (5) e-m@-5 -5 @l e (10 (N=10%6)  (1D=(10+(7)  (131=(10:8)
Base  Continuation of existir
conditions 289
A Construct Arsenal Dam,
impravements upstream =nd
downstream from the dam,
and flood plain zoning 1,442 0.07455 28 136 28 82 19 270 1.98 9.64 3.29
8 Flood plain zoning, and
improvements in the entire
basin 2,568 0.07455 20 21 20 116 24 265 1.26 13.25 2.28
C  Elevating Smith Road roud-
way, improvements dov.n-
stream from Smith Road.
and flood ploin zoning 2,822 0.07455 25 235 25 130 8 281 1.20 11.24 2.16

*Capital Recovery Factor - —]—)-ﬁ—] -, whera i

0.055 and n - 25



TABLE V-5

BENEFITS FOR DIFFERENT PLANS

($1,000)
Average
Average Annual Present
Annual Flood Present  Worth of
Flood Damage Worth Benefits
Plan Description Damage Reduction Factor* at 5.5%
(M (2 (3) (4) (5) (6)=(4)(5)
Base Continuation of Existing
conditions 289 0 0 0
A Construct Arsenal Dam,
improvements upstream
and downstream from the
dam, and flood plain
zoning 19 270 16.932 4,572
B Flood plain zoning and
improvements in the
entire basin 24 265 16.932 4,487
C Elevate Smith Road road-
way, improvements down-
stream from Smith Road,
and flood plain zoning 8 281 16.932 4,758

*Present Worth Factor =

a+i)"1

, where i = 0,055 and n =50.
S ‘



TABLE V-6

" COST FOR DIFFERENT PLANS

($1, 000)
Initial Capital Annual Cost Annual  Present Worth Factor** Present Worth
Construc= Recovery of Con~ O&M First Entire of Costs
Plan Description tion Cost  Factor* struction Cost 25 years 50 years at 5.5%
= 9)=(5)(7)+(6)(8)
1 2 3 4 5)=(3)(4 6 8 (
(1 B @) @ G- ) ) ® A
Base Continuation of existing
conditions
A Construct Arsenal Dam,
improvements upstream
and downstream from the
'dam, and flood plain
zoning 1,442 0.0745 108 28 13.414 16.932 1,923
B Fload plain zoning and
improvements in the
entire basin 2,568 0.0745 191 20 13.414 16.932 2,901
C Elevate Smith Road road-
way, improvements down-
stream from Smith Road,
and flood plain zoning 2,822 0.0745 210 25 13.414 16.932 3,240
*Caopital Recovery Factor = :1 + i, where i =0.055 and n=25.
T+ -1
ohn
a+f -1 where i =0.055 and n =25 or 50.

**Present Worth Factor =

ELS



TABLE V-7

NET BENEFITS

FOR DIFFERENT PLANS
($1000)

Present Worth Present Worth
of Costs @  of Benefits @

Net Benefit

Plan Description 5.5% 5.5% (Benefit-Cost)
(3)From Table (4)From Table Ay -
M @ o on (5)=(4) - @)
Base  Continuation of existing con-
ditions 0 0 0
A Construct Arsenal Dam, im-
provements upstream and
downstream from the dam,
and flood plain zoning 1,923 4,572 2,649
B Flood plain zoning and
improvements in the entire
basin 2,901 4,487 1,586
C Elevate Smith Road road -
way, improvements downstream
from Smith Road, and flood
plain zoning 3,240 4,758 1,518



Plan

Base

NOTES:

WN —

TABLE V-8
ANNUAL COSTS

DRAINAGE IMPROVEMENT ALTERNATIVES

Descﬁgﬁon Damuge

Continuation of existing
conditions 289

Construct Arsenal Dam, im-
provements upstream and

downstream from the dam,

and flood plain zoning. 19

Flood plain zoning and
improvements in the entire

basin. 24

Elevate Smith Road roadway,
improvements downstream from

Smith Road, and flood plain

zoning. 8

Damages are average annual values.

Construction
O&M Cost Total
0 0 289
28 29 76
20 52 96
25 57 90

O & M valuves are annual operation and maintenance costs,
Construction costs are one=fiftieth of the total inirial construction cost given

in Table V=3,
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CHAPTER VI

ENVIRONMENTAL IMPACTS

Description of the Existing Environment

Much of the land in the First Creek drainage basin is in open areas and is sub-
ject to development in the future. In Arapahoe County, First Creek flows through al-
most entirely undeveloped countryside, |t is only in the vicinity of Interstate Highway
70, 56th Avenue and Buckley Road, Interstate Highway 80S, Highway 85, and Brighton
Road that developments have and are occurring on a light scale. The area in the vicinity
of Buckley Road and 56th Avenue will experience greater development pressures in the

near future than any other area within the basin,

First Creek basin, described in Chapter |1, is located in the Colorado Piedmont
which includes most of the plains region of the South Platte River basin in Colorado.,
Altitudes in the basin range from about 5,020 feet above sea level in the downstream
end of the basin to about 5,880 feet at the upstream end in Arapahoe County. Greatest

relief between valley floor and nearby ridge top is about 100 feet.,

First Creek basin is semi-arid in climate with annual average precipitation of
approximately 15 inches., Average annual temperature is about 50° F and ranging from
a low of =30° F to a high of 105° F, The length of growing season is approximately 165
days extending from about May 1 through October 11.

Water resources of the First Creek basin are rather |imited. The main stem of
First Creek and its major tributaries carry water only during periods following a rain-
storm activity. Base flow is low and is limited to small reaches of the Creek, His-
torically flows in the First Creek basin have been intercepted by irrigation canals and
utilized for irrigation either within or outside the basin. Irrigation is limited primarily
to small areas downstream of O'Brien Canal. Ground water utilization in First Creek

is limited to domestic and stock use, and to small irrigated areas at the lower part of

the basin,
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First Creek basin is inhabited on a seasonal or year-long basis by a

variety of small bird and mammal species of aesthetic and ecological value,

The lack of detailed soils survey information for the First Creek basin makes
it necessary to describe the soils in terms of their landscape associations, The source
of the soils information discussed here is the U,S. Soil Conservation Service. Upstream
of Interstate 70 the soils belong to the Weld-Adena-Colby and Nunn-Bresser-Ascalon
Associations. These soils are described as warm, deep, welldrained, nearly level
and gently sloping soils on upland plains, Downstream from Interstate 70 the soils
belong to the Platner-Ulm-Renohill, Ascalon-Vona-Turckton, and Fluvents, Sampson
Associations, These soils are described as warm, deep and moderately deep, well-
drained, nearly level on flood plains and nearly level to sloping soils on upland plains.
Soils between 26th Avenue and Buckley Road have high susceptibility to water erosion
because of their sandy materials. A combination of steeply sloping land and high in-
tensity rainstorms during the summer greatly increases the severity of this hazard: High
runoff water carry a high silt content, Extreme care is needed to protect and maintain

all vegetation on these soils.

Land in the vicinity of First Creek Flood Plain is presently either left naturally,
vtilized for farming, or developed. Small grains are the primary crop raised on farmed
areas. Other areas contain vegetative types that offer forage to the cattle, The area
of the drainageways between Piccadilly Road and Tower Road is quite scenic due to
its tall trees and vegetative cover. Fences are widely used in the First Creek basin

to control the livestock.

Generally, First Creek basin is subjected to few disruptive noises and offers
unobstructed views of the surroundings. The air is clear, and visibility is limited only
by natural land forms and the horizon. MNoises are primarily those of vehicles travelling
the routes intersecting the drainage basin, and from aircrafts passing over while using nearby

Stapleton, Sky Ranch, or Fast Colfax Airports.
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Recreation opportunities in the First Creek basin, at the present fime, are rather

limited, despite the potential for such functions. This is due largely to private
ownership of the land in the basin, and U.S. Army's closed policy toward use of the land

in the Rocky Mountain Arsenal for recreational purposes.

During the field survey of the streambeds it was found that no points of historic

interest nor sites of archeological discovery exist in First Creek basin,

Environmental Impact of Proposed Action

Recommendations in the three alternate plans for drainageway improvements
include ponding, flood plain zoning, channelization, and upgrading of drainage struc-

fures.

Smith Road and Arsenal ponding sites will have normally dry reservoirs with
uncontrolled outlet structures, During the storm period, depending on the intensity
and frequency of the storm, water may be detained in the reservoirs for a short period
of time. Both embankments will contain the 100-year flood volume without spilling

water over the spillway.

Park, golf course, open space, etc. would be a compatible use for the land
within the reservoir site to be flooded by the 100-year storm. This would create new
recreational opportunities in the First Creek basin, These reservoirs will provide the

protection from destructive floods for the streambeds downstream from the embankments,

Flood plain zoning would retain the natural environment of the streambed to
the extent of permitted uses of lands with such zoning. Greater preservation of the
natural environment within the flood plain could be achieved if man's activities within
the flood plain zones are restricted, and his permitted activities within the basin would
be of such nature that they will not change the historical flow patterns in the basin.

Recreational opportunities could be created from utilizing land zoned as flood plain .
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Channelization of a stream channel could totally destruct the natural environ-
ment, However, exercising of good judgment, in designing these channels to afford
stable banks and slopes could minimize the damage, and in some cases create a more

pleasing environment,

Upgrading of drainage structures would provide the means for taming the de=
structive forces of floods, Consideration to blending these improvements with their

surroundings should be given during the design and construction of these facilities.,

In implementing the structural improvements proposed in each of the three
plans, a certain amount of surface distusbances will be involved and in turn will effect
the soil and vegetation in the basin, The impact of these facilities on water resources,
air quality, noise, and wildlife will be minimal and confined to the construction period,
Devotion of land for structural improvement will in most cases permanently remove it
from its original use, Increased drainage facilities in the basin will change the visual
appearance of the ground. The impact attributed directly to the drainage improvements

in First Creek basin on the existing economic and social environment are considered to

be small.

Poorly planned development of the land in First Creek basin poses a greater
threat to the existing natural environment thah the constructiion of the proposed drainage
facilities in this study. Residential development in an area is usually accompanied by
an increase in predator load of dogs and cats. These animals will eventually exterminate

the population of small animals and ground nesting birds in the basin,

Imperviousness of the land is increased when developed. This is accompanied
by increased flood peaks and velocities which will erode the streambeds more rapidly
unless protected by improvements against erosion. Lag times will be decreased, causing

less water to be available for ground water recharge.,

Occasionally when land is developed with the intention of maximizing the use
of acreage, streambeds are relocated and straightened. Without adequate treatment this

condition results in greater streambed slopes, which in turn means higher water velocities
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in the channel and greater erosion,

Urbanization has generally a negative effect on water quality. The biolo-
gical, physical, and chemical aspects of the water in First Creek will take a turn to
the worst with increased development. Following a dry spell, it has been found that
initial stages of runoff resulting from a storm contains shock pollution loads.exceeding
the raw sewage (180%) load. The primary source of this pollution is dust/dirt fraction

of streets litter.
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Attention: A. S. Andrews, P. E.
Re: Water and Drainage at First Creek

Gentlemen:

Your analysis of water and drainage conditions in First
Creek has resulted in the conclusion that the preferred method
for collecting water and transmitting drainage contemplates:

(1) Construction of a dam at the Rocky Mountain
Arsenal.

(2) Construction of drainage facilities and structures
at various points where the drainage channel is
intersected by existing irrigation ditches, road
rights-of-way and railroad roadbeds.

(3) Utilization of flood plain zoning.

The purpose of this legal memorandum is to analyze the
legal implications of your recommendations.

The proposal for construction of a detention facility
at the Rocky Mountain Arsenal contemplates a dam sufficient to
store water generated from the entire drainage basin above the
dam site. Accordingly, it is important that a permanent commit-
ment be made to assure the continued existence of the dam struc-
ture after its construction.

Colorado law imposes strict liability upon owners of
dams (Sections 148-5-4 and 148-5-13, C.R.S. 1963, as amended).
Because the owner of a dam has strict liability, he probably has



Engineering Consultants, Inc.
August 22, 1974
Page Two.

the prerogative of removing the structure if the work is per-
formed in a way that does not cause flooding from the flood pool
behind the dam when it is removed.

The Colorado case of Ireland v. Henrylyn Irrigation
District, 113 Colo. 555, 160 P.2d 364 (1945) states as follows:

“The only basis upon which plaintiff could right-
fully claim injury for this action (removal of the
dam) would be on the theory that the spillway,
having once been set at a higher elevation and
with a narrower outlet, gave plaintiff a vested
right in having it maintained in that original con-
dition. We believe this position is untenable.

We are of the opinion that plaintiff could uot
acquire a right against defendant to have a system
of flood control and storage works located above
his property that would be any better than if the
defendant's reservoir had never been built. The
object of the statute is to protect persons owning
property below reservoirs from having their situa-
tion worsened, and not to have it improved."

Private property owners are understandably reluctant to
assume liability for major flood control structures. Because the
Rocky Mountain Arsenal is a facility under the jurisdiction of
the federal government, it might be possible to contract that
ownership of, and responsibility for, the dam remain with the
United States. If not, the permanency of the structure should
be assured by vesting ownership in a public entity, such as Adams
County or The Urban Drainage and Flood Control District.

A second legal question raised by the study relates to
present interference with the natural drainage channel caused by
existing road, irrigation ditch and railroad rights-of-way.
Apparently, the lower (or downstream) reaches of the channel are
virtually non-existent because drainage has been diverted or
collected by rights-of-way, the former channel eradicated, and
the original channel now utilized for farm land.

In general, Colorado follows the civil law rule which
obligates lower lands to receive those surface waters which flow
upon it by natural drainage. The present rule in Colorado is
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that a downstream owner has a duty to accept the storm run-off
from upstream lands, even if there has been some increase in flow
due to urbanization. Ambrosio v. Perl-Mack Construction Co., 143
Colo. 49, 317 P.24 803 (1960), although there is some limit to
the amount of flow which must be tolerated, Hankins v. Borland,
163 Colo. 575, 580, 431 P.2d 1007, 1010 (1967).

Difficult, and largely unresolved, questions exist
whether artificial barriers to drainage {(such as road, irrigation
and railroad rights-of-way) vest in property owners below the
barriers a right to be protected from storm drainage.

If, for a period of at least eighteen years, no surface
waters have traversed downstréam lands because man-made barriers
have diverted the water elsewhere, it can at least be argued that

the downstream owner has acquired a prescriptive right to be pro-
tected from drainage.

Section 118-7-1, C.R.S. 1963, as amended, precludes a
property owner from enforcing a property right which has been
abandoned for a period of eighteen years or more. Consequently,
if drainage has been diverted or collected for eighteen years or
more, upstream property owners may have lost the right to trans-
mit water across the lands of downstream owners.

The normal rights and obligations of upper and lower
property owners with regard to surface waters can be altered by
prescriptive rights. Hankins v. Borland, supra; Feit v. Zoller,
155 Colo. 64, 392 P.2d 593 (1964).

Conversely, the case of Clark v. Beauprez, 151 Colo.
119, 377 P.2d 105 (1962) has been cited in support of the position
that a downstream owner has no right to the protection afforded by
upstream rights-of-way, although in the Clark case, no claim of a
prescriptive right (and/or its abandonment) was asserted.

In any event, the preferable policy under Colorado law
should be to contain drainage as much as possible to the natural
channel; to obtain written agreements from owners of natural
drainage impediments, such as road, irrigation and railroad
rights-of-way, where they traditionally have diverted or collected
water; and confirmation from property owners downstream who have
received some degree of protection that their property is burdened
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by a natural drainage easement.

The third question which must be resolved is the legal
validity of flood plain zoning as a mechanism for long-term
protection. 1In recent years, flood plain zoning has become a
recognized concept, and means zoning within a flood plain area
calculated to reduce damage to property and loss of life. Flood
plain zoning may be unconstitutional if it so thoroughly restricts
the owner's use of his property that it amounts to an unconsti-
tutional taking. However, in Colorado, the legislature has
specifically vested towns and cities (C.R.S. 139-60-1 (1967 Supp.)
and counties (C.R.S. 106-2-10, 106-2-12 and 106-2-14 (1967 Supp.)
with authority to establish flood plain zoning categories. The
authority delegated by the Colorado legislature to towns, cities
and counties does not permit the elimination of all uses of
property within the flood plain, but requires that the owner of
flood plain property must meet specific standards promulgated
by the zoning jurisdiction to assure the protection of life and
property.

Two recent Colorado Supreme Court cases, one involving
a city, and the other a county, have both held that the munici-
pality must allow development in flood plains if all qualifica-
tions under the flood plain ordinance had been satisfied.

In the case of Bauer v. City of Wheat Ridge, 513 P.2d
203 (Colo. 1973), the Supreme Court allowed construction of an
apartment building in a flood plain zone when the owner demon-
strated that he had complied with special requirements contained
in the ordinance.

In the case of Western Paving Construction Company v.
Board of County Commissioners of the County of Boulder, 506 P.2d
1230, the Supreme Court held that a county zoning resolution per-
mitting the county to impose conditions and safeguards for spe-
cial uses in flood plains was not a basis for denial of sand and
gravel operations, but rather, was intended to allow the

Commissioners to impose special requirements Lo protect health,
safety and welfare.

Although both the Bauer and Western Paving cases
allowed proposed development activity to proceed, the underlying
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premise allowing flood plain zoning was upheld.

The case of Famularo v. Board of County Commissioners
of Adams County, 505 P.2d 958, contains the following statement:

"Clearly, the Adams County Commissioners were

statutorily authorized to establish flood control
districts by resolution."

Accordingly, all jurisdictions having land use control
along First Creek basin should be encouraged to promptly adopt
flood plain zoning ordinances and resolutions, taking care that
some development is allowed within flood plains if special safety
and construction requirements are satisfied.

In accordance with the foregoing, there is no reason
why your recommendation to The Urban Drainage and Flood Control
District for water and drainage of First Creek cannot be
implemented within present legal parameters.

Very truly yours,

CALKINS, KRAMER, GRIMSHAW HARRING

Thomas T. Grimshaw
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