
This file was created by scanning the printed publication.
Errors identified by the software have been corrected;

however, some errors may remain.

SD 
II 

''K.'l 

UBRAR,. Ell E COf>Y 
Rocky Mount 

' c 

A FLOOD CONtROL PIAN FOR THE PROTECTION 
OF l!ilANlTOU COLORADO .,_ • .-... ~--::::J ...... ~--... 1<--.......... 

Irrtroduotion. The ·town of Manitou is located in a. narrow 
-----, -· - ..... 1"1' 

eenyon of Fountain Creek at the confl:uence of Williams Canyon and 

Ruxl.ion Creek. The drainage area above the town is 91 square m.iles. 

The ·bown has suf'f'ered flood damages of $728 t800 for the 45-yea:r perlod 

1902·19~.7 in 5 floods. For the period H380-1947 there have been 9 

moderate to severe floods. Williams Canyon, containing 3 peroent o£ 

the drainage area, has been the sole contributor to 3 floods and a 

major contrl.butor to 2 floods~ 

After the flood of 1921 a flood protection plan by a private .. 
engineering f:i.rm was prepared. for Mani·bou and while the co~rb pre• 

cl\<lded general installation some of the reoommendv:tions were put 

into e :f':t'eot. However, a critical flood haze.rd consisting of re-

striated channels still exists, as evidenced by the dam&~~ oausad 

by the recent flood of May 19Lt7. 

_£~o~:~ s~q. A field e :l!:f)J'llinati on and subsequent analysis 

indicates that the most feasible plan of the several plans consid-

ered -for the alleviation of flood damage in Manitou to provide 

pro·tection :f'rolll floods experienced or ilfeasonably· anticipated is a 

coordinated program utilizing; improved land mEmag;ement praotides, 

minor erosion con.trol s·tructurE~a, water and sediment detention 

structures and ohanneJ. rectification. '.rhe downs·brerun enginee:ring 

program as described herein should consist of 4 debris dE\lllS aud 

channel rectification on 15,315 ft. of channel at a total 



installation cost including lllAinten!lnce during installation of' 

$721,300. Average annual lllAintenance is estimated at $6,900 per · 

General, The town of' Manitou is lo~atad in the narrow canyon 

of Fountain Creek at ard immediately. below the junction of' Rulltbon Creek 

m1d Williams C!lllyon about 5 nules west of' Colorado Springs, The total' 

drainage area abovs Menitou is about 91 sq, mi. or 58,309 acres in­

cluding 111207 aorss in Ruxton Creek and 1,888 acres in W"illiams 

Canyon. 

Topography, The drainage basin above Manitou is oharacteriZ<'Id 

by precipitous slopes with eleve.M.ons varyillg from 6,300 feet in town 

to a general ridge ele·~ration of' about 11,500 ft, and a maximun elevao. 

tion of. 14,100 at Pikes Peak, 

~.!?.::'ttar¥ ar~_!· There are 9 l!JAjor tributaries ranging from 

1,245 acres ·bo 11,207 acres in Fountain Creek drainage above Manitou. 

Table 1 lists these and other areas as shown on map 1 .and indicates 

the portion of the area which lies above water storage or debris dams 

whioh exert SOllW control on floods. Table 1 indicates that <:>f' the 

total area of 58,309 acres above Manitou oonbrol is exerted on 16 1251 

acres by 7 stox•age reservoirs with an aggregate oapaci ty of about 

7,958 aore feet,. It ia realized that the ·t;o·tal storage· indicated j,s 

not wholly ave.ilable for stor~<ge of :t'lood flows, however, the 

struotures will assist materiall:y in modifying flood flows, In ad­

dHion to the above list.ed reservoirs there ars h sediment detention 

'structures constructed about 1935 and looa·bed in the main ohannel of 

-2-



Table 1. 
_.,. ____ ..,. ____ .., ___ .., _______ ......... _ ............... _____________________ ,.. ___ ..,. _____ ...,_..,. ____ ... _ 

Conbrol Con- Storag;e 
Area Area structures trolled acre 

uaJ/ No, Tributary name acres nama acres feat ---w"' ---
A Small gulches 3,4.05 - -
B Orystola Cr, 4!!!,9,9 Uta Pass 3,100 30 F(l 

fj,1{S 
Area above Crysto1e. 7 ,90L~ 

c College Guloh l,liJ> 

D Catamount Or, 9,011 s. Cata- !),886 2,601-J,' ws 
mount Res, 

E Crystal Cr. 2,880 Crystal 2,265 3,1m ws 
Res, 

F Small gulches l,lj),,6 -
G Cascade Or, 5,171 -
J-1 h"m.all gulches 6tl~g - .. -

Area above Cascade 33,670 

H Small gulohes 198 .. "' -
I French Or. 6, 797 1\rlani·bou Res, 2,600 §/4oo WS 

J-2 Small &'Ulohes 1,!)00 - .. -
K Wal.tto Canyon 1,245 -
L Small gul.oho s 1,786 - - - -
M Small gul oha s 218 - - -
0 Ruxton 11,207 Lake 

Moraine I#-~ 
L~,I+OO l,l.th5 ws 

N Williams 1,888 .. 
To·bals 58,:?09 16 ,25)1 7.958 
--w~---~-~~M~~~·-u•--------~---~-~-M••~~----••-Q••~·~--~--~-------~-P~-

y WS " water supply, FC .. flood oont ro1 

y .Estimated 
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l'oun·tain Creek iJnmediately above Manitou which serve to unload the 

debris from flood flows, These structures have a limited value at 

present as their detention ponds are filled with sediment. 

!!:£2.ds.• · Manitou has been subjec-t;ed -t;o at least nine damaging 

floods in the period 1880 ·to 191.[/. Seven oi' these are considered 

major floods, Table 2 lists -the floods and ·tributary sources. 

Table 2 indicates that of the 9 $alnaging floods Will:l.wns Canyon has 

been soJ.e contributor 3 times and a mAjor contributor 2 other tinl>s, 

The total damage from floods from 1902 ·t;o l9h7 tor a h5~year 

period is $726,800 or an average annual damage of $16,:?.00 1 'based on 

adjustment of damages to 19h7 cost index. 

~'lood oon-trol activities. i'he town of Manitou which is located -···--.._.. ... -~-----
in a narrow· canyon suffered flood damages from the time of early 

settlement but continued -to enoroaoh on the flood plains and ohannels 

of Fountain Creak, H.ux·t;on Creek, and Williams Canyon until the damag-

:i.ng flood of 1921. .l'fter this flood a flood control plan was prepared 

for Mani-bou by a pri·vate engineering firm. The plan recommended 

reinoval of certain buildings causing constrio·tions in the channels and 

general channel recrtifioabion, Local interests howEnrer oould not 

finance the tot.al project, however por-tions of the plan were accomplished, 

'£he Fores·t Service in 1933-35 constructed sediment detention dams in 

the main oha!lllel of. Fountain Creek abo:ire Manitou, The to'Wn expended 

about $70 1000 up to 1937 on channel improvements, and additional 

imp1•ovement work of an unknown amount has been done by private oonoerns • 



Table 2. 

Date of flood )\[e.!?li'!Jude M 
~onth S M L]/ y Remarks 

".,. ....... ....--..••. , .. ,, .. ,..,. . ..,.,._ ... ~-·-- -·-------~-·---

1880 21 Summar s Williams w 1 lii'e lost 

188211 July 2 s Williams w 1 life lost -
Ruxton 8 :t't , wall of 
Fountain water ±'rom 'W'i llia:m.s 

189)-J. May 30 s Williams R Rux-ton hi r,he s ·t 
Ruxton stage known since 
~'ouutain set;t1ement 

1895 21 M Williams w 

1897 s Williams w 

1902 21 .1\.ugust 5 s Fountain F St or.m oenter near 
Green Mountain Falls 

1908 :Y Surmner M Fountain -
Ruxton 

1921 :Y June 5 s ~'oun·tain 11 
Ruxton 
l'Ti 11 i ams 

1935 21 May L Local town 
runoi'f 

1947 May s Williams w 1 lite lost 
Fountain 
Black 

-----·--····-- -------·-··-----· .. -
S •. Severe, Jill - Medium, L - Light 
M- Main d!l1llagi.ng tributary, W- WUlie.m.s, F - Fourrtain, R- R\lxton 
Date. i'rom H.D. 186, '(8th Congress, lst Session 
Chicago Times, July 3, 1882 (repriubed in 1'elegraph, Colorado 

Springs, July 28, 1938,) 



The present nonda:maging oapaoi·by of Foun·bain Creak through 

Me.ni tott is about 1,000 second feat, The capacity of Ruxton Creek 

is aboub 800 second feet and the oapa.oi·by of Williams Canyon ohannel 

is about 200 second feet.· 

Flood and s.!Aim~rrb problems, Me.ni tou has suffered serious 

flood water and sediment damages and loss of life in the past from 

flash floods resulting from high intensity rainfall sometitnes 

augmented by high spring snow-melt runoff, These floods originate 

both f'rom local tribubaries such as Williams ·Canyon, w·aldo Canyon, 

Black Cmiyo.n, Ruxbon Creek, as well as general contribution from 

the 91 square mile area of Fountain Creek above :Ma.ni.tou. The 

tribute.~ area causing the principal damage is Williams Creek 

containing 3 percent of the area. 'rhis tribute.~ has a drainage 

area of steep slopes and muoh exposed bare rook or denuded areas 

which are oonduoj.ve to rapid runoff', high peaks, and oonoex1trated 

sediment loads, Other similar tributaries are Waldo and Black 

Canyon. ~'lood flows from these tribu·he.ries, with the exception of 

Waldo Canyon1 deba.uoh f'rom steep canyons onto h:i.ghly developed 

urban areas which have encroached on 'bhair flood channels. The 

combination of res·brio'bed channels in addi 'bion 'bo the flatter main~ 

s'braam gradient causes the flood waters to drop their sediment loads, 

clogging channels and ·oaufling severe damage at the mouths of aaoh 

tribu'ba~, as well as ologg5.ng 'bhe main channel of ~'oun'bain Creek. 



A:nalysi_~~~· A field examination and an office analysis 

were made of the watershed area ·above Manitou. Suoh faoto:t!s as the 

physiographic fea·tures, topography, drainage network were considered 

in relation to their ef£eot on the probt\ble magnitude and synchronism 

of flood peaks, The area above Manitou is subject ·bo more frequent 

inbense storms, however the higher eleva:b:Lons of the upper watershed 

preclude storms and therefore floods of suoh magnHude as are 

experienced in the plains of eastern Colorado. The geologia, soil, 

vegetative aovar condi'Cion, tmd trend were studied as well as past 

flood and sediment 5ouroe areas, The general flood-sediment souroe 

areas are shown on map 1. 

A study was made of the existing flood oha:nnels in the town 

of Manitou, their probable adequacy, and various methods of increasing 

their oapaoJ.ty·tsking into consideration existing urban developments. 

Due to the steepness of' topography in this vioini'ty there are 

no feasible ·water storage· si·~es or locations ·to diwrt flood waters 

around the town. 

~sions, An examination of' all pertinent data disolosad 

the following principal fac·bors rela·tive to flood and sedilllent 

problems: 

1. The principal damaging tr:tbutary is 'Willhms Canyon which, 

due to wata:rshed features, steep slopes, and ·bhe Cave of 

Winds road, discharges large quantHies of debris onto 

Canyon Road where the existil11~ channel is grossly inadequate. 

2. Other important flood and sediment flows oo.utribu'bl.ng to 

the problem originate from the small tributaries from ·the 

north aide of Fountain Creek. 



3• The major sediment source area of upper Fountain Creek 

is a strip l to 2 miies wide located on the east side of 

Fountain Creek from Cascade to Woodland Park. 

4. The presen:i; flood channels through Manitou are of in-

adequate capacity, Study of past flood peaks in this 

area and adjacent areas indicates that channels should be 

increased to handle flows about 50 percent greater than 
' 

present oha,unel -capacities, 

Recommended .Plfl;~• 1'he most faasibl_e engineering plan of the 

several pl.ll.ns considered for the· all.;~viatj.on oi' flood dll.ll1!l.ges in the 

town of Mani·i;ou J.s a coordinated program utilizing wa·bor and sediment 

detention structures and channel rectification, The quantities 

included in the following dis·aussions are based on roconna.issanoe 

field examination, aerial photographs, and small-scale maps which 

lack sufficient detail and precision to allow the development of 

aooure:be and detailed plans. :Preliminary sketches and designs were 

made for all improvements, however prior ·oo construction it mll be 

necessary to make detailed engineering f'leld surveys and designs. 

The program which will be discussed in greater detail in 

subsequan:t; paragraphs wi 11 cons:i: s·t of: 

1. Detention dams on Fountain Creek near Crystal Creek, 

Williams Canyon, Black Canyon, as well as cleaning out 

the larger existing debris dam near lllanl.tou. 

2. Channel rectification of Fountain Creek, Ruxton Creek, 

and Williams Canyon oh!lllnel through Manitou. 



The above program has been broken down into fiv-e sections of im­

provement. These ae cti ons are ( 1) Improvemen:t s on upper Fountain 

Creek, (2) Improvement plan Williams Canyon, (3) Improvel!ll)nt 

Ruxton Creek Channel through 1\!anlltou, (h) lmprovemen·h of' F'ountain 

Creek channel through Mani'tou, (5) IV'linor work. Preliminary channel 

locations are shown on map 2, 

Section 1, (a) l'b is proposed to construct an earth fill dam 

of about 30 acre fee·t capacity (level) 011 Fountain Creek near Crystal 

Creek. This structure is intended to stabilize active head outs on 

Fountain Creek as well as trap sediment from the area above it. 

(b) The debris dam located i:mmediately··above the town of 

1\!ani·tou should be cleaned of all debris, and maintained oleru1 after 

every flood. The cos·t of the work in ·this seot1.on is estimated a·t 

$50,000, 

Seo·l;ion 2, Williams Canyon enters Manitou along Canyon Avenue. 

The improvements, residences, hotels, streets along CEUlyon Avenue 

have suffered oonsidere.ble water and sediment damage from flash floods 

from Williams Canyon, Discharges from Williams CSJ1Yon (3 sq. mi. 

drainage area) as de-termined from a study of pasi; floods have 

probably not exceeded 500-700 second feet, however, these floods 

are highly charged wi'bh debris ranging from sand to cobbles, Much 

of this debris has its source from the 0,6 mile of road to the 

Cave of 'the Winds, ·which is locai:fion in the narrow canyon bottom. 

The town of Mani-tou has constructed an enclosed storm sewer about 

1-t f<let sequare and 1,000 feet in length on about a 6 percen·t slope 
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located under the last sidewalk of Canyon Avenue and discharging 

into Fountaj,n Creek under the arcade (sta-tion 25 + 75, Fountain 

·Creek), map 2. At station 9 + 95 Williams Canyon, the intake to 

this storm sewer has a oorrt rolled opening o£' about 30 square feet 

with its top level to the grade of Canyon Avenue so that e:x:cess 

water will be discharged from Canyon Avenue. A sewer of half round 

openings in ·!;he east curbl.ng oi' Canyon Avenue from s·l;ation 1~ + 50 

to 8 + 10 is in·tended ·to convey this excess water into the storm. 

Slii!WGr, What usually happens during a flash flood is that the ' 

intake at. station 9 + 95 is clogged or partially clogged by· the 

inl.tial debris load resulting in most of the deb:d.s and flood water 

flowing down Canyon .1\,venu!lo 

The channel of Williams Canyon from station 9 + 95 to !6 + 85 

is in an open, unimproved section, with the e:x:ception of the closed 

section at station 13 + 00 whioh is a garage built over the cha:nnel. 

The channel is very res-tricted and is flanked by residences on 

either side, At station 16 + 85 the channel crosses Canyon Avenue, 

through a 2-foot square box, con·ti.nues up the east side for 20 

feet, then crosses through an 18-ineh pipe to the west side where 

1"\; is in a 2 X 4 foot open section for 100 f'eet to sta·bion 19 + 00, 

thence in a 4-foot square box f'or 75 f'ee·b, This point is vecy 

restri.ebed wi·!;h a 30-foot vertical canyon wall on the east side, 

·the 3D-foot bottom is occupied by Canyon ,il.venue and a 2-story 

residence on the wast side, I•'rom stationl9 + 95 te 2640 the 

channel located along the west side of the road is unimproved and 

has a capacity of about 90 second feet. 
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Further improvement of the channel of Williams Carryon to the 

size necessary t,o transport flood water and debris is precluded due 

to the highly developed area, disposal o.f debris in Fountain 

channel and excessive oost. l'b is obvl.ous that in order to handle 

the flciod flows the debris will have to be removed, While there 

are no feasible resorv·oir sites to impoundt all ·bhe flood water in 

·bhe area due ·co steepness of topography, there are several debris 

inpounding sites, However, unde~ existing conditions even :l.f the 

debris is unloaded above the Cave of the Winds ro~.d the flood waters 

w"lll quickly piok up another load as it goes down the road through 

this reach. 

The most feasible plan consists of: 

a, A debris dam located in the watershed controlling 

about 1,200 acres, The dam will serve to dampen the initial flood 

peak and unload debris, 

b, Abandon.tha Cave of the Winds road up Williams Carryon 

and widen existing Serpentine road. 'l'his lat·ber road was used as 

a 2-way road after ·the May 19L~7 i'lood. 

o, A nia.sonry or concrete debris dam about 30 f'ee·b in 

height located at sta·bon 33 + 00 of Carryon Avenue, 

d. Improve. channel Williams Canyon station 9 + 95 to 

33 + 00, This will consist of a channel of about 600 secant). feet 

oapaoi·by. 



The es-Gime.ted oos·b of the above items is: 

(a) Debris dam 30 acre feet $40,000 

(b) Road ohange 1 mile 20.ooo 

(o) Debris dam 20 acre feet 30,000 

(d) Channel improve-
ment 2,690 feet 20 ,ooo 

Total 110,000 

Section 3• This section includes channel reetifioatl.on of 

Rux-bon Creek through l\1ani tou. Rux·bon Creek has a drainage area 

of abou·b 11,207 acres above Mani'hou. 1'he major portion of the 

watershed lias wi_thJ.n the Pike National Forest and City of Colorado 

Springs wabershed lands, Due to watershed proteeti.o.n for many years, 

resulting in improved vegetative cover oolldi-tio.ns, sediment oontr:i.buti.on 

is now small and design flood flows should not exceed 800-1,000 

second feet, 

'l'he presenb capacity of the 2,130 feet .of Ruxton Creek channel 

averaging 10 feet wide and 6 feet deep, through ~!anitou is about 800 

second feet on a slope of about '5 percent. 'l'hera are several 

restrictions which need to be removed to bring the channel to proper 

operating capacity. The worlc in this section is a stimated at $15,000. 

Sec:,tion h. This section includes channel re<:ltifica-tion of -Ghe 

channel of Foun·bain Creek -through Manitou, The total length of 

channel to be improved is 12,630 feet, however, the seetion of main 

improvement oonaists of 4,660 :t'eet between river mile 'j.O limd '5•7• 

The slope of ~'ountain Creek through this section is abou·t 1,8 percent 

or 95 feet per mile, Beginning at aboub river mile 5•7 about 400 
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·feet above the Uta mineral works at a poin1; designated station 

0 • 00 the reach has bean divided into the following parts: 

(a) 0 + 00 ·to 21 + 65 (mouth Ruxton Creek) 

(b) 21 + 65 to 46 ·~ 60 (west and Duolo Park) 

(o) 46 + 60 to 126 + ~0 (oiby li.mita) 

Part a. In this part: the channel 2,165 feet long is rectangular 

in shape with seci;ion ·varying from 15 to 20 fee·b wid'i>, L~ ·to 6 feet 

deep. The bo·btom is generally unimproved, the sides are masonry, 

concrete, or unimproved, Bankf.ul capacity is 800 ~ 1,000 second 

feat. The channel is located in an urban areo., mainly residences, 

The proposed improvement program is designed to increase the present 

oe.pacity to 1,500 second fee·b with 1 foot of freeboard, Improvements 

will oonsj.st of' a:n entrru10e section at station 0 + 00, increasing 

wall height 2 feet in some oases or deepening che.nnel 2 fee·t in other 

oases, constructing improved sections whsre required, realignment of 

several bends and constructing grade weirs in the channel bottom. 

Estimated cost of ·these improvements for 2,165 feet at $50.00 a 

ft. is.$109,000. 

Part b, 'rhis part from 21 + 65 to 36 .+ 25 or 1,~60 feet is 

located in the area of highest values in Mani·bou. The channel is 

generally enclosed on both sides by business enterprises, In addition 

·bo the f'low of n~ain che.rmel, R.ux'con Creek and W'illie.ros Canyon enter 

Fourrte.in Creek in this section, While exact synchronj.sm of flood 

pee.k is not ·to be expected, still the channel in this section should 



have a larger oapaoi ty than that of pa'rb a, The capacity of the 

present channel in 1;his section is genere.l.ly about l,hOO second 

feet, al'bhough several restrictions ou·c this to 1,000 second 

fee·b, The average channel size is 20 to 22 feet wide e.nd 5 to 6 

feet deep, Several bridges however, have openings 15 feet wide 

nnd 6 feet deep, 

The proposed improvement program is designed for a ohnnnel 

oapaoi ty of 2,000 second f'eet with 1-foot freeboard, The proe;ram 

will consist of removal of' obstructions such as ·pipes, bridges, 

increasing the channel cross-section by raising existin(, walls, 

construetj.ng new walls, or deepening channel. Presen·t alignment. 

w1.11 be mod.l.f'ied to secure better hydraulic characteristics, 

gstimated cost of improvoments in this sooti on is 1 

1,360* foet at $75,00 

5 bridges e:t 2500. 

16 weirs at 2500 . 

AUgnment 

$110,000 

12,500 

40,000 

.1:_0 ,000 

$172,500 

* AssUllles 1,2 cu. yds, exce.vatj.on per lin. ft, at $ 4,00 
1,2 cu. yds, co11orete per lin. :f'·b, at $6o.oo 

Part c. This parb extends from station h6 + 60 to statl.on 

126 + 30, The 71970 f'eat of' channel passes through an area of lesser 

development than part b, the channel is generally unimproved, however, 

except f'or several points channel onpaoJ.ty is abou:b 2,000 second feet • 

.Alignment nnd right-of-way problems will be more ensily solved dtte 

to lesser development, The proposed progrElll! will consist of 

channel enlargement, b!lnk protection, construction of' lined channel 



through critical areas, and rerncrval of obstruoticms. The estime:bed 

cost for 7,97~ feet is $79,700, 

The total cost of this section (a, b, o) is estima·bed at 

$361,200, 

Section 5• Under this section is included improvement works 

to tributaries areas discharging into Manitou located downstream­

from the confluence of Founbain Creek, Willi!lllls Canyon, and Ruxton 

Creek, The aggregate drainage area of ·these tributaries is about 

6,100 acres, . Principal tributaries are Sutherland Creek and Black 

Creek. Black Creek has caused some flood and s~:~diment dlll!lage du~:~ 

to high runoff characteristics and rcstrio·bed outl~:~t ol'tannel ·to 

F'ount ain C r~:~ek. 

The improvement prog:rara should inolud~:~ a debris dam on Blaok 

Creek and enlargement and improvement of the downstream channels of 

Black Creek, Sutherland Creek,_ and other minor drainages, The t'otal 

cost is estimated at $45,000, 

Program oosts. The foJ.lowing te.ble summarizes the program 

costs, 

Sa otion 1, 1-d~:~bris dam on Fountain Cr. $L~o ,ooo 

Clean out existing debris dam 10.00~ 

Seo-bion 2. 2-debds dams Willia:ms Canyon 

Channel l.mprovement 

Roe.d change ~ 1 mile 

70,000 

20,000 

20,002_ 

$50,000 

110,000 



Section 3• Charmel rectification Ruxton Or, 

Section 4. Channel. rectification Fountain Cr, 

(a) Uppa r 2,165 tt. 

(b) Middle portion 1,360 tt. 

( o) Lower portion 7,970 ft. 

Seotj.on 5• 1-debris dam Ble.ek Cr. 

Tributary channel improvement 

Base installation cost 

Main·tenance dut•ing instalbtion period 

Total installation cost 

$15,000 

$ 15,000 

109,000 

172,500 

..J1,700 

..h2.t.9&2. 
690,200 

..22:.i':e.9. 
721,300 

1'he average annual cost of installation including maintenance during 

the installaMo.n ped.od is $11.8 1S)OO with annual main:benanoe costs follow­

ing installation of $6,900. 
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