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HAZARD POTENTI AL CATEGORY: 

INSPECTED: August 6, 1979 

l. Maple Grove Reservoir, due to its hi gh hazard potent ial a nd the 

va nda li sm to the Fabri dams on Ma r ch 17, 1979 , i s probab l y the most 

closely mon i tored i ntermediate size dam in t he St ate of Colorado. 

Whi l e it i s i n excellent conditi on, the fol lowing recommendations 

should be implemented to improve the structu ral integrity and ope ra

tional adequacy o f the proj ec t. 

a. The Cit y of Lakewood, wh ich ha s the ma intenance responsibilities 

for W. 27th Avenue, should be notified in writing that the 

pavement s urface is deteriorating and its resurfac ing shou ld be 

given a high priority on their schedul e . 

b. A year l y maintenance program of backfi 11 ing e roded areas and 

stabi I izing the upstream and down s tream slopes should be 

impleme nt ed. 

c. A stab i I ity analysis should be prepa red to ass ure that the steep 

downstream s lope is stable for a maxim um pool elevation. 

d . The upstream ga t e control on the out let wo rks should be secured 

i n an open position to prevent unauthorized closure. 

e. The out l et works conduit and the Rocky Mountain Ditch culvert 

through the emba nkment should be per iod i cally inspected t o 

determine if any leakage is present. Soil r es istivity in these 

areas should be checked to es timat e t he li fe expectancy of the 

p i pe mate ri a l. 
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f. Efforts should continue on arranging an emergency power supply 

for operation of the Fab rldams . 

g . The location of a gaging station along Lena Gul ch upstream of t he 

reservoir as well as one at the spill way of the dam should be a 

high priority for The Consol idated Mutual Water Company and the 

Urban Drainage and Flood Control District . The l imits of possible 

downstream flooding should be defi ned based upon the maximum 

amount of overtopplng as determined in this report. These limits 

should be used for establishing an evacuat ion program. Evacuation 

procedures should be initiated by The Consolidated Mutual Water 

Company as soon as 500 cfs d ischarges from the spillway . 

2. The hydraulic and hydrologic evaluation showed that 50 percent of the 

Probable Maximum Flood from the 6-hour storm as determined by the 

Corps of Engineers procedure can be passed without overtopplng the 

dam. Therefore, the dam is not to be cl a s sified as unsafe even 

though the spillway cannot pass the ful l PMP and additional spillway 

and/or storage capacity is desirable. 

3. A contingency plan for emergencies should be prepared and adopted 

to Include the follow ing : the exist ing operational manual on the 

Fabridams; the location of stockpile/barrow materials; the locat ion 

of available construction equipment, the identification of remedies 

to problems such as increased seepage and/or erosion ; notification 

procedures in case of emergency; evacua tion procedures in case of an 

emergency; and training for emergencies . 
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A. GE NERAL 

Name . 

State 

Divisi on 

District 

Stream .. 

PERTINENT DATA 

lnventroy o f Dams I .D. Numbe r s. 

Haza r d Potentia l Class i f ica ti on 

Owne r . . . . . . . . . . . . . 

B. EMBANKMENT ---
Type . 

Cres t Lengt h. 

Cre s t \~ i d t h 

Cre s t Eleva ti on 

Crest He i ght . 

C. SP IL LWAY 

Type . 

Location. 

Si de SI opes . . 

Cres t El eva tion 

Ma p le Grove 

Co lo ra do 

7 

\ 

Lena Gu l ch (on channe l) 

Army Co r ps 203 

Colo rado C-757 

1 (High) 

Consol i da t ed Mutua l 

Wa t e r Company 

Ea rthfi ll 

11 00 Fee t 

40 Fee t 

5531L 44 Fee t ( lowe s t el.) 

St r uctural 59 Fee t 

Hyd ra uli c 51 Fee t 

Ogee t ype unde r br i dge 

Sta . 15 + 38 on or igina l 

plans through right end 

of abutment 

Ve rtica l 

5520 (Top of concre t e ) 

5526 (Top of 6 1 h igh 

F<:lb ridam ) 

L--~~~~~~~~R c 
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Bottom \.Jid th. 

Leng th . . 

Top Wi dth 

Free board 

70 Fee t 

249 Feet 

70 Feet 

8 . 44 Fee t (From top of 

6 1 Fab ridam) 

14. 44 Feet (F rom top of 

concrete ) 

Discharge Capac ity . ............ 13,365 cfs 

D. OUTLET \~ORKS -----
Inlet Type . 

In l e t El e va tion 

Conduit Type. 

Conduit Length. 

Conduit Dimensions. 

Outlet Inver t El evat ion 

Still ing Basin. 

E. RESERVO IR 

Type of Sto rage 

Stor.::igc Vo l u111e . 

Elevation (Gauge heigh t in fee t ) .. . .. . 

Sur face Area ( i n acres) ....... . . . 

Low level concrete box 

5496 Feet 

Steel Pipe 

254 Feet 

30 Inches I. D. 

5476 Feet 

Connec ted directly 

to filter plant 

Dome s t ic Water Supp l y 

6 19 .5 Ac- Ft. @H igh 

Water Line El . 5525 

655 . 4 Ac - Ft . @ Fab r idam 

Cre s t El. 5526 

958.5 Ac-Ft. @Top o f 

Dam El . 5534 . 44 

Zero on gauge i s 28 

Fee t above in take @ El. 

552 l1 

42.2 Ac . @ High Water -

l i ne El . 5525 

44 . 3 Ac . @ Fabridam 

Crest El. 552 6 

___________ RMC 
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F. RE SERVO IR INLE T 

Type . Ea r thcut ditch and 

natu ral stream 

El eva ti on .. .... . . .... . .. . . 5520 Fee t 

G. DRA INAGE BAS IN 

Tota l Drainage Area . .. . 

Max imum Length of Dra inage. 

El eva t ion Di ffere nce .... 

H. FLOODP LAIN 

Di stan ce (f rom dam to main stream) . 

Immed iate ly Downstream. 

Deve lopment 

7 

. ~Square Mi les 

7.77 Miles 

2042 Feet to High 

Water Line 

2 . 8 Mi Jes 

t Mi le Undeveloped 

c Mi les - 2! Mi l es 

Int ens ive Residentia l 

and Comme r c ia l 

L___ _______ _ RMC 
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PH/\SE 1 INSPECT ION REPORT 

NAT IONAL DAM SAF ETY PROGRAM 

MAP LE GROVE RESERVOIR DAM 

JEFF ERSON COUNT Y, CO LORADO 

1. GEt~ERAL 

A. Autho rity . The Dam Ins pe ct ion Ac t, Pub li c Law 92 - 36 7 , autho r iz ed 

the Secre ta r y o f the Army , t hrough t he Co r ps o f Eng ineer s , t o 

init i a t e a prog r am of safety inspec t ion o f dams t hroughout the 

Un i t e d Stat es . Thi s i nspec ti on was made in accorda nce with th i s 

a ut ho r i ty . 

B. Purpose o f Inspec t ion. The purpose of th i s i ns pection was to ma ke 

a gene ral as s e s sment o f the st ructura l integ ri ty and ope ra t iona l 

adeq uacy o f the dam , rese rvo ir and i t s appurtenan t s tructures . 

C. Scope of Repo r t. The Phas e 1 i nvest iga ti on was conduc t e d t o 

assess t he gene ra l cond it ion of t he projec t wi t h re s pect t o safe t y , 

based on av<J il a bl e da t <J a nd visua l in s pec ti on, t o de t e rmine needs 

fo r eme rgency meas ures and t o conclude i f add it iona l s tud i es , 

invest i ga ti ons <J nd a na lyses arc war ranted. All o f t hese i tems 

a r e covered i n t h i s repo rt. 

11. PROJ ECT DES CR I PT I ON 

A. Location . Map le Grove Rese r vo i r is located in Sect ion 29, Townsh i p 

3S, Range 69w o f t he 6th Pri ncipal Me r id i an in Jef ferson County , 

Co lo r·ado . The darn i s loca t ed at app rox i ma t ely W. 27th Avenue and 

Young f ie ld Stree t, rn the Ci ty of Lakewood , Colorado . The dam 

crest is traversed by W. 27 t h Avenue . The locat ion o f the dam i s 

sho1vn on MClp 1 . 

B. Ownership and Pu rpose o f t he Dam . Map l e Grove Rese r vo ir i s an 

on-channel (Lena Gulch) domes ti c wate r s up p ly re se rvo ir belonging 

to The Conso l i dated Mut ual Water Company, 10075 W. Co l fax Aven ue, 

Lakewood, Co lorado 802 15. 

MC 
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Wate r stored in the r eservo ir i s treated at the company's 

filter p lan t, located adjacent to the downst ream toe of the dam 

and distribut ed to 15,000 users i n po rtion s of Northwest Lakewood, 

App lewood, Wide Acres, Pl easant View and Sixth Avenue West. The 

da m face and reservoir area are c losed to the publ i c and are not 

used for any type of recreati on. 

C. S ize, Type and Haza r d Potential Cl assif ica tion. 

1. S i ze . The hydrau l ic height of Map le Grove Dam i s 51 feet and 

the structural he ight i s app roximately 59 feet . The s torage 

capacity i s 958 . 5 acre- ft. at the lowest e l evat ion in the to p 

of the dam (El. 5534.44). Based on i ts he ight, Maple Grove is 

c l ass i fied as an intermediate-s i ze dam.* 

2. Type. Maple Grove i s an earthfi 11 dam compos ed of on- s i te 

ma t er i a l s , face d with imported r i prilp on the upstream s l ope . 

3. Haza r d Po t ent i al Cl ass i ficati on . Milple Grove is cl ass ifi ed 

as havin g a high potential for property damage or loss of l i fe 

i n th e eve nt of fa il ure . The fl oodpla in direct l y downst r eam from 

the da111 an d al l the way to Lena Gulch's conf luence with Clear 

Creek is .:in inten s iv e l y deve loped urb<rn residential a rea . Exten

s i ve property damage in th i s area , with poss i ble loss of 1 i fe 

cou ld be expected if the dam wa s to fa i 1. 

D. Basin Desc ri p ti on . The upstream drainage basin of Map l e Grove 

Reservoir encompasses 10.9 squu r e miles , with the longest course 

being 7.77 mil es . The d iff e r ence i n e levation from the hi gh 

point, ill elevat i on 7567 to t he sp illway crest at elevati on 

5526 i s 204 1 feet . 

The area i mmed i ately upstream f rom the rese rvoir i s sem i

intens i vc urb<Jn resident i al, mergin~ into rura l r es id en tial, and 

*A darn higher than 40 f ee t but les s than 100 feet or hav i ng a 
s t o rage capacity greater than 1000 CJcre-feet but l ess than 
50,000 acre- feet . 
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near the weste rn l imits of the basin , to undeveloped f ooth i l l s 

t opog raphy . There arc no cu lti vat ed londs to speak of in the 

d r a i nage basin. Open l ands between res i dentia l deve l opments and 

the foothi l l s area on the weste r n edge of the ba s in a re general l y 

covered with nat i ve grass and s agebru sh vegetation . 

The reservo ir i s enci rcl ed on .11 1 s ides except t he cres t 

by the Rocky Mountai n Di tch which,at the no rtheas t end of the 

darn, i s r outed through the emhonkment in i1n underg r ound pipe ] ine . 

E. Inl et . There a r e four potential source s of 1vater entering into 

Map l e Grove Reservoir. The ma in source i s Lena Gulch , t he drainage-

1..i;;iy co ll ect i ng runoff from the 10 . 9 squ.11·c mile dra inage basin 

ups tream of the reservoir . Circli ng the rese r vo i r on al 1 but 

the nort h s ide i s the Rocky Mountain Di tch. This ditch is 

e l evated over t he Le na Gulch i n l e t and at this loca t i on, the r e i s 

a spi 1 l way and check to divert water fr om the Rocky Mounta in 

Ditch i nto the reservo ir. Unde r normal conditions, ve r y l it t l e 

\voter i s diver t ed hOlvcvcr . In the southe<ls t co r ner of the 

rese rvoir near the Lena Gu l ch inlet, there is an inl e t fr om t he 

/\g ricultural Ditch <lnd i n the north1·1cst co rner of the r ese rvoir 

t he r e i s on inlet from the Lee, St cwort and Eski ns d itch . 

F. Geology and Soi l s . Maple Grove Reservoi r i s located on bedrock o f 

clayslone which i s pa r t of the Tcrli i1 ry Denver format ion. It i s 

ove rl a i n by P i ney Cre ek Al l uv ium from the Upper Holocene per iod. 

The ove rburden ran ges in thickne s<; from 5 to 20 feet and i s com

posed of cL:iy , medium s tiff to stiff, s;indy to ve ry sandy, mo ist, 

bro1vn to gray as sho1vn from Appendix D - Plate 1 and the Test 

Hole D.ita on /\prcndix C - P l i!tc G. 

There nre no known fault s unde rl y i ng the dam or reservo ir 

but tlk'l"C have been ~.omc report s of •.c i smic cict i v ity cen t ered rn 

the ar e.:i in modern times . (Sec Append i x D - Plate 2) . 

G. Embankment . The Mciple Grove cmbcinkmcnl i s 1100 fee t long , 51 feet 

hi gh ;;ibovc the dn1vnstrc..-1111 invpr·t of th<' out l e t condu i t and approx i -

ma t e ly 59 feet above the claystonc bed r·ock to which the cutoff 

trench 1va s e xcavat ed . The embonkmcnt hcis a cres t v1id t h of 40 feet. 

L--~~~~~~~~RMC 
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The crest is traver sed by W. 27th Avenue , an as phalt thorough

fare that i s ma intained by the City of Lakewood, Colorado . A 

7-ft. wide concrete s i dewalk pa rallels the s treet on the down

s tream side of the crest. A 6-ft . high cha in li nk fence on the 

downstream side of the crest and a gua rdra i 1, plus a 4- strand 

barbwire fence on the upstream s ide of the crest rest ricts pub! ic 

access to the upstream and down stream s lopes . (See Append ix B -

Pho to No. 1) . The center 1 inc of the dam is straight between 

abutments . The center! ine runs from cast to west. Near the east 

abutment of the dam, the Rocky Mountain Ditch is conveyed through 

the embankment in a 12 gage multi-pl~te a rch . Th i s arch has a 

10 foot span and a 3 feet 5-3/4 inch rise as shown in Appendix C -

Pl ate 4. 

1. Upstream S lope. The upstream slope is 1 vertical on 3 hor i

zonta l. Riprap s lope protection is provided from the f loo r of 

the reservo i r to the top of the dam. See Plate C-2 of Appe ndi x C. 

2. Downstream Slope . The downst ream slope is 1 vert ical on 1.75 

horizonta l. The embankment ma t er i als are c lays and sandy clay s . 

Foundat ion seepage i s controlled by a cutoff trench wit h a 

bottom width of 10 fe et, excavated t o sound c lay s t one , and hav ing 

s ide slopes of 1: 1. Sec Pl ate C-2 of Appendix C. 

There i s a service road around the left end of the embankmen t 

and paralleling the downstream toe t hat goes to the filter plant . 

(Sec Append ix B - Photo No. 6). 

3 . Filter Zone and Toe Drain s . For a l ength of approximately 

520 feet through the cente r pa rt of the embankment, a filter zone 

n ine f ee t in wid th extends from e l evat ion 5500 down to the natural 

ground 1 i nc at the ti me of the or ig i nal construct ion . Maximum 

depth of Lhe filter zone appears to be about 20 feet . A six inch 

per forat ed clay p i pe i s embedded in the bo ttom of the filter zone 

at every 100 feet on cen ter s . Mo i s t ure i s collected in the pe r 

forated sect ion of pipe then conveyed through sol id s i x inch clay 

p i pe t o the down st r eam toe of the embankment . 

H. Out l et \~ork s . The outlet works , l oc.:i t ed approximately 330 feet 

L--~~~~~~~~R c 
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from the eastern end of the embankment , cons ists of a low-level 

(E l. 5496 feet) intake, a 254-ft. long, 30- i nch d iameter steel 

tube conduit and a r e i nforced concrete out let box . The out l et 

works was insta l led in the 1956 or igina l construction project 

and has not rece i ved any mod ificati on s i nce that t i me . Detai I s 

of the outlet works are shown on Appendix C - Plate 3. 

J. In take. The low- l evel i ntake i s a concrete box structu re 

measu ri ng 5 1 
- 41 11 by 3' - 011 inside d imensions with 10 inch 

th i c k conc rete wa ll s. Fl ow i nto the st ructure i s contro l led by 

a 3- ft. sq uare ri s ing stem sluice gate, which is protected by 

a weld ed steel trashrack. The inta~c leve l i s at e l eva ti on ., 

5496.0 wh i ch i s the bottom of the r ese rvo ir l e ve l . 

2 . Conduit. The 254 - ft. long, 30-i nch diameter stee l tubu lar 

condui t rests on an outlet trench that was excavated to va r y i ng 

depth s but wi th a consistent width of 10 feet and l :I sides lopes . 

The trenc h was backf ill ed and compacted in 6 inch lifts. Eight 

i nch th ick concrete cutoff wa ll s measu rin g at l east Si f ee t 

square were in sta ll ed every 20 feet along the l ength of the con

duit. The capac ity of thi s conduit i~ approximately 102 cfs , 

with the poo l at the top of the dam . 

3 . Contro l. Because the Maple Grove s torage i s u~ed for a 

domestic water supp ly, the int ake ga t e i s left in the open pos i

tion a t al I times . However, it may be c losed via a 30 i nch valve 

on the downstream end of the outlet tube or by a 24 inch valve 

on the s upp l y l ine from the 30-inch outlet tube to the f il te r 

p l an t. The condu i t may be operated manually by a ttaching a hand l e 

to an exposed gate screw, located on the up stream face of the 

dam, as s hown on Appendix C - P late 3 and in Append ix B - Photo 

No. 9. 

4. Impac t Structure and St il ling Bas i n . Although the released 

water flows direct l y into s tilling bas i ns wi thin the f il ter p lant, 

a seconda ry impact structure i s locat ed about 50 feet west of the 

filt e r plant . 
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Water can by-pa s s the filt e r p l a nt and be directed i nto a 

s ubsidiary p<:ir t of the Le na Gulch drainageway . Water i s occasion

ally diverted thi s way to keep a conservation pool in this area 

fo r g razing purposes. 

I. Spi l !way. The emergency sp i llway a t Mapl e Grove i s an ogee type, 

two-bay, concrete chute sp i 1 l way located near the right end of 

the darn at about Sta. 15 + 38 on the o rig i nal plans. The spi l lway 

i s crossed by a 72-ft. long, concre t e an d steel bridge, wi th a 

clea rance passing over of about 12. 8 feet fr om the floor of the 

sp ill w<Jy to the und e r s ide o f the br idge . Contained wi thin the 

bays of the sp illway a r e t wo infl atab l e Fab ridams, which provide 

fo r the decreed amount o f s torage wi th i n the rese r voi r du ri ng 

times of normal operati on. The 10 foot by 40 foot Fabr idam in 

t he west bay i s owned by the Urban Drainage and Flood Control 

District and the 6 foo t by 30 f oo t Fabr i dam in the east bay i s 

owned by The Conso lidated Mu t ua l Water Company . Both are moni

tor ed a nd ma intained by The Conso l id <i t ed Mutual Water Company as 

pe r a n ag reement betwee n the two en t i t i es . These Fab ridams offer 

the adva nt age of regulating r e l ease of floodwat e rs through the 

sp i 1 lway by controlled de flati o n. (See Appe ndix E - Attachme nt 2 

fo r a des cription of the Fabridams <ind t he ir ope rat ion) . 

Water re l eased through the spi ll way would fl ow down the 

chut e , through a sti 11 i ng ba s in and into <i riprapped , e<irth cut 

channel , which 1"'ou l d car r y it to Cl ea r Cr eek . (See Append i x B -

Photo No. 17). 

The des ign capac ity of t he sp ilh-1ay wi th the Fab rid ()mS 

deflated , i s 13, 970 cf s . 

J. Floodpla i n . The floodp la in i mrne di <ite l y below the Map le Grove 

dam , fo r a di s t ance of 1/4 mi l e, i s re l () tively undeve loped . Lo

cated on thi s i mmedi <itc f loodp la i n ~ r e the M<:ip l e Grove Fi I le r 

P lant a nd a backw<:ish 1-1.:i l e r 1-J<:i s te pond . 

Beg inn i ng abo ut 1/4 mi l e from t he base o f the dam and con

tinu ing along the 2 . 8 mile course of Lena Gulch, to it s conf lu ence 

with Cl ea r Creek , the floodp l <iin i s int ens i ve l y deve loped res i 

dentia l and commerci <:i l property . 

c 
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I I I. CONSTRUCT I ON Ii I STORY 

The Maple Grove DcJm w.:is cons tru cted i11 1956 to crcJte a domest ic 

water supply storage rese rvoi r and to se r ve oS a presedi mentat ion 

facil it y f o r the wate r to be treated . Co nst r uct ion of the dam 

pa ral l c l ed that of the Map le Grove Fi ltcr Plant, bu ilt on the 

dm·rnstrearn s i de , about midway at the oxi s e<1st to west . 

The const ruction p l ans ca l led fo r an earthf i l l dam wi th a maxi

mum he ight of 5 1 feet, between the low po int at the upst ream toe 

and the poss i b le maxi mum height which at t hat ti me was set at elevat ion 

5534. The p lans also ca ll ed fo r a cre st l ength ofl 100 feet and a 

future cres t width of 36 feet. In c l uded in the plans were speci f i 

cat ions for a cuto ff trenc h 10 f ee t wide at the bottom and side slopes 

1: 1. The depth of the cutoff trench v.:iried as it was to be "excavated 

to the t op of sound c l aystone . 11 

The spi 1 lway 1·1as des i gned as an ecJrth cut, riprapped channel 

which pussed through a box culve r t unde r W. 27th Avenue, around the 

l ef t end of the darn and dovvn a riprapped , nutura l chann e l . Th i s 

channe l carr ied the released flow in .:i ch.:innc l paralleling the 

se rvice road c:ind the t oe of the down s tr C',1111 s lo pe t o Lena Gu l ch . 

At the ti me of constructi on of the d<."lm , the Lena Gulch floodplain ./ 

d01,.,ins tr cu111 fr om the dom 1...i::is <Jcne rcJl l y undevc lored . 

Constructi on of the darn required the abandonment of the exis ting 

W. 26th Avenue , wh ich c rossed Lena Gulch about 300 feet upst re um of 

the proposed embankment, and rea l ign i ng th i s road to be along the 

crest of the embankment . 

Al 1 the 1-iork included i n the or i g i no l construc t ion projec t is 

dctoi led in the p l an!> sho1...in ,1s /\prcnd ix C - PL1tes 1-4. 

In 1960, the emergency sp illway wos relocated because it pre 

sented a handicap to the access of the filter plant . The earthen 

channel and cu lve rt at the left s i de of the embankment were Fi I l ed 

in and a new 11 5 foot long, 7 foot diamete r concrete pipe was in 

sta ll ed throu<Jh the right side of the embankment at abou t Sta . 15 + 36 
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on the origina l plans. A concrete headwa ll i n front of the 

up s tream e nd of the p i pe mainta i ned the high water e l evat ion at 

5523, same as the original high water line . A riprapped sp i !!way 

channel led from the sti lling bas i n to the Lena Gu l ch channel. 

Details o f this r e located sp ill way a r c shown on Appendix C - Plate 5 . 

As s hown in the Off i ce of the Sta te En g ineer's chrono logy of 

events (Append i x E - At t achment 1) development in the floodp lain 

be l ow Map le Grove Reservoir was occurr in g and this l ed t o some 

concern . On May 13, 1974, the Co lo rado Di vis ion of Water Resources 

sent a l e tt e r t o The Conso li dated Mutual Water Company requiring 

that the sr i I lway be upgr<1ded to Pi1'><> the Army Corps of Enginee r' s 

St andard Project Flood. (See Appendix E - Attachment IA) . 

Because the owne r s also were exp lor i ng me t hods of increas i ng 

storage in the rese rvo ir , the deci s ion was made to bu i Id a 2- bay, 

ogee type sp i I !way , wh i ch wou ld serve as the foundation and s ide 

support for two inflatab le Fa br idams .Numerous design considerations 

1ve r e invo l ved as we l 1 as severa l governmental ,19encies i n the deve l op

men t of t he project. Appendix E - Attachment 3 descr i bed the final 

projec t wh i ch was completed on July 1 , 1977 . The Citi es of Lakewood 

and Wheat Ri dge, as we! 1 as Jeffer son County and the Urban Draina ge 

and Flood Cont ro l Distr i ct al I assisted The Con<>ol idated Mu tual 

Water Company i n the pro j cc t . 

The ne1v sp i 1 hva y was located at the e,1st end of the dam in the 

same l oc.::i ti on of the relocated spi I lw<ly that 1v<:is constructed in 1960 . 

The design of the new sp ill way called fo r a concrete struc ture with 

a clear opening of 70 fee t, .::ind approximately 14 feet of clearance 

from the floor of the sp i I !way to the bottom of the bridge that 

would pass ove r the s pillway . 

Plans and specif i cations for construction of the spi I lway and 

in sta ll a tion of the Fabridams .::ire i nclL1d~d on Plate s 6 - 9 - Appendix 

C and Attachment 2 - Appendix E. 
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Early on the mor ni ng of March 17, 1979, the 6-ft. Fabridam 

1n the eas t bay of the sp i 1 !way was cut in two places (appa ren tly 

the action of vandals) caus i ng the dam to deflate. Th i s deflation , 

which occu r red ove r a per iod of t i me, as programed by the control 

panel, released a tota l of about 3 . 5miI1 ion gallons into the 

Lena Gulch channel . 

The peak f 1 ow of water t hrough the sp illway chute was estimated 

a t anywher·e from 300 to 600 cfs . The flow was contro ll ed app roxi

mate l y two ho urs later as a result of installing a sandbag cofferdam 

upstream o f the sp illway. 

The released fl ow flooded the back yards of seve ra l residences 

a long Lena Gu l ch . There was some minor damage done but no total 

est i mate was ever prepared . There we re no injuries or loss of life. 

Repair o f the Fabridam was made by i nstal 1 ing patches on both the 

ins i de and outside of the Fabr idam material. The wat e r level was 

returned to the norma l high water el eva tion. 

La1vyers, representing the resident s in the f loodpla i n be low the 

dam , co nt acted the State Enginee r' s Office regarding the safety of 

the dClm. [ngincers for The Conso l i d,1trd Mutu<i l Wate r Company proposed 

security mc.:isures in addition to the electronically moni tored press ure 

s yst em 1v i thi11 the Fabridams .:ind these 1nccJsurcs a re d i scussed in the 

draft response from the Governor ' s office s hown as Appendix E -

At tachmcn t 4 . These measu r·es inc ] udc d increased on-site surve i 1 lance, 

security li ght i ng, a Fabr idam low pressure mon itor ing and alarm sys t em 

and secur i ty fencing . Futhermo re, a comprehensive system of four 

r elease VCl l ves 1-i it h in euch F<ibridarn h.:i s been cs t ub li shcd that i s al l 

cont i ngent upon water fluct ua ti ons i n the re s e rvoir . Depend i ng upon 

an in crca~c in the water ~ urfacc clcvC1tion ~nd the rate of i ncrecJse 

and subsequent decrease , these valves a rc elec tronically opened and 

closed <i cco rding to th e sequence shown in Appendix E - Attachment 5 . 

Thi s sequence wus es t ab li shed by The Cons o lidated Mutual Water Company 

and meets the intended pu~poses of the Urban Drainage and Fl ood Cont r o l 
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Di st ri ct and o f the Offi ce of the State Eng ineer . Fu r ther di s 

c us s i on on the sp ill way design i s i nc luded lu t e r in th i s r epo rt. 

In add it ion to a l l the sec uri ty me a s ure s a lreudy insta ll ed, 

The Consol idnted Mutua l Water Compuny i s continu ing to pursue an 

eme r gency power supply a nd are wo r king with Public Service Company 

to de te r 111 ine the load and how i t best c,1n be provided . Conso lidat ed 

Mut ua l i s a l so negot iating wi th the UrbiJn Dra i nage and Fl ood Control 

Di s tri c t to insta l 1 gag i ng stat ions ups treum of the rese r vo ir a nd 

at the s pi 1 lway of t he dum t o mon i tor whu t i s happen ing in the 

upst r eam wa t e r s hed and to know the relationship o f the di sc harge 

from the sp i 1 lway . 

IV. OP ER ATI ON AND MA INTENANCE 

The Mapl e Grove Rese r vo ir, be ing an on -cha nne l fac ility, i s 

s ubject t o i nf l ow wh enever the r e i s r uno ff in Lena Gu l ch. S i nce it 

is used for supp l y i ng domes ti c water, it i s i n yea r round use . There 

1s cons t ant opera ti on and s uperv i s ion in the Ma pl e Gr ove Filter 

Tr ea t men t p l an t loca ted i mncd i a t e l y down s tream o f t he rese r vo ir. 

There a r e s everal eng ineers on the staff of The Con sol idated Mutual 

Water Compuny . Mr. Ku rt f\. Keim i s Supe rintendent of Water Supply 

a nd i t is his job to over see the operation and maintenance a t th i s 

fac ilit y . Fo l l owing the v.-ind .:i li sm i nc. id cnt, the Fcibr i d<Jms a re ob

se rved a t one- ha l f hou r i nterva l s 24 hour s pe r day 7 days pe r week. 

The contro ls for the Fa br idams a r e hou sed i n a gate house by 

the s pi 1 lw<Jy . (Sec f\ppc nd i x B - Photo No . 12) . The control valves 

fo r the Fabr id ams are a l l co lor coded a s s hown in Photo No . 13. 

The Fab ridam low p r·e s s ur e mon i to ri nq c:in d a l arm sys t em wen t 

i nto operation on June 4, 1979 . Thi s sys t em , wh il e i n the gate 

house , ac tiva t es a vi s ua l and a udio al e rt i n the treatment p l ant 

any ti me the pressure ma ke up sys t em operates for longer than two 

minu tes. 
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V. INSPECT ION HIST ORY 

The Dam and reservoi r arc visited frequently by Virgi 1 Hi I I, 

Pres ident of The Consolidated Mutual Water Company and severa l other 

Company personnel . In add i tion , the Fa bridams a r e inspected eve r y 

ha l f-hour, 24 hou r s a day and 7 days a week . 

The State Eng ineer's Off ice has been part i cu l ar l y interested 

in this project due to the h i gh hazard potent ial with a ll the 

development i n the downstream f loodpla i n. In recent yea r s the 

dam has been inspected annu.:illy by per sonne l from the State 

Enginee r 's Off ice . 

VI . INSPECTION 

A. General. The field inspec tion of Maple Grove Rese rvoir Dam 

was conducted on August 6 , 1979, by the fol 101-.Jing persons : 

Dr. George S . Clausen, P. E. 

Ken Ro I l i n , P . E . 

P.:i t Jorgenson 

Rocky Mountain Consu l tants, 

Rocky Mountain Consultants, 

Rocky Mounta in Consu l tants, 

Inc . 

Inc . 

Inc . 
Glen Whitten, Vice Pres ident 

Engineer i ng a nd Ope r at ions 

David Hahn, P .E . , Staff 

Eng i neer 

Con ~o l id.:ited Mutual Wat er Company 

Consol id.:ited Mutual Water Comp any 

B. Reservoir Area . On the day of i nspec tion the reservoir 

l evel was a t 0 . 2 fe et on the staff giluge . Zero on the gauge 

is 28 feet above the inl et e levati on . Zero cor respond s to 

elevation 5524 . Th i s l eve l was 10.24 feet below the lowes t 

elevat ion i n the top of the dam and 1 . 8 feet below the top of 

the 6 foot high Fabridam and 5 . 8 frrl be l ow the 10 foo t 

MC 
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high Fabr idam in the spillway . Since the dam ' s cons t ruction 

the re has been consi de rable development of the up s tream drainage 

bas i n , wi th addi t ions of se ve ral thousand sq uare feet of conc rete , 

asp h.J l L und roof t ops , no doubt i 11 c1·c,1s i nu the runo ff charact e r

i s t i cs of the ba s i n . 

The re was no ev iJence of vandal i sm or abuse of t he rese rvoi r 

area , whi ch i s fen ced to restrict access by t he pub lic . 

C. Emban kme nt . The l e ngth of the 11 00 foot cmhankmenL was w.:ilked , 

with conti nuous and tho rough observat ions of the cre st, upst ream 

and downs tream s l opes . 

1. Crest. The crest is t opped by a t wo-l ane asphal t 

t ho r oughfa re . Some b reaki ng up of the asphalt was noted a long 
' 

the no r th s ide and a noti ceab l e dep ress ion wa s noted at the 

abutment of the bridge ove r the ~p i llway, as shown in Photos 

1 and 2 of Appe nd i x B. 

2 . Upst r eam S lope . Con s i derabl e se ttl ement of the riprap was 

noted, wi th la rge pockets of unprotected s lope ev iden t al l a long 

t he s lope above the h igh 1.;a t e r l i ne , as sho1vn in Photos No . 3 . 

Seve ra l s i gn i f icant a reas of eros ion a l so were noted c lose to 

the crest on thi s s lope , as shown i n Photo No . 4. 

Ri prap protection on the ca~ t ~ide , however , which sus tains 

the most wave acti on, appea red to be i n good cond it ion , as shown 

i n Pho t o No . 5 . 

3 . Do1vns t r eam Sl ope . In a l l arcos the dovms tream s lope had a 

cover of heavy grass and a lfa l fa vegetat i on, as s hown i n Photo No . 

6. Ther e was no i nd i cation of seepage through any pa rt of the 

c 
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dam and t he toe drai ns were f lowing on l y s light l y, as s hown 

in Photo No. 7. The r e was no evidence of any rodent activity 

on the ups tream o r the downs tream s lopes . 

D. ~· On the day of the inspect ion wate r from the Lee, Stewart & 

Esk i ns Di tch was flowing i nto the reservo ir through the conc rete 

in l e t located a t the left en d of the d.-101 , as shown in Photo No . 8 . 

No e ros ion was noted i n the a rea of this inl et . 

E. Out l e t Works. On the dc:iy of i nsrcc tion the out let was open, as 

it i s at a ll t imes, wi th 1"'ate r flo1vi ng through the condu it and in to 

the st illi ng basins of the wat e r filt r ut ion p l an t. Because this 

i s a cont inuous use f il ter plant, it i s not pract i ca l to close 

down the out let comp l ete l y unles s s igns of d i stress i n the em

bankment would wa rrant a mo r e thorough i nspect ion . Howeve r , the 

ma nua ll y ope r a t ed gat e screw located above the out le t conduit 

was exe rcised for seve r a l t u rn s . The screw turned wit hou t diffi 

c u l ty , howeve r, a common p ipe wrench, rathe r than the gea r ~ and l e 

had to be used due t o the lack of spc:ice betwee n the gear stem and 

the s lope of the embankment. (See Photo No . 9) . 

The r e was no pad lock on th i s mc:inual l y operated gate sc rew 

and nothing t o preven t unauthoriz e d pe r sons fr om ope rat ing the 

de v i ce wi th a p i pe wr e nc h o r othe r too ls. 

F . Sp il ll"'ay . On t he dCly of inspect ion the 6 foot h i gh Fabr idam 

located i n the eas t bay of the ogce s pil lway was f ill ed to 

capuc i ty with 100 per cen t 1"'a tc r- . (Sec Photo No. 14). The 10 - ft. 

h i gh Fub ri darn locc:itcd in the 1vcst b0y o f the s pi 1 l way was fi 1 l ed 

wi th 60 percent water and 40 pe rcent a ir . There we r e no s i gns 

of l l~!lk(lgc th r-o u'.]h o r· ,1rounc! tlw F.1h r i d.1 111s , 1vi th the p0tc hcs 

made in Mar·ch appa r en tl y ho ld i ng '"'cl l. (See Photos 15 and 16) . 

The anchor bo lt s und other ha rdware that hold the Fabr i dams rn 

pl0ce appea red t o be in good condition . The s ti 11 ing ba s i n a t 

the bottom of the sp i I lwuy conta i ned about 4 f eet of wate r. This , 

acco r d i ng to Mr . Hah n , acts as a dete r rent to unauthor iz ed persons 
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who might want to ga i n access to the sp ill way and Fabridams. 

The r e i s a drain in the bottom of the s til 1 ing bas in tha t can 

al low t he bas i n to be empti e d of wate r. All concret e s urfaces 

of the spillway were in exce l l e nt condit ion and the entire chute 

and channe l were free of obstructions , as shown in Photo No. 17 . 

G. Fl oodp lain. The floodp lain immediately be low the Maple Grove 

Dam 1vas as des cribed on page lOo f the Proj ect Description. All 

debris from the Marc h 17, 1979sp i11 ing of the reservoir had 

been cleared away and the re wa s no ev ide nce of any new cons truction 

dire ct l y in the path of the outfl ow . 

H. Eme r9e ncy Plan . Fo ll ow i ng the MMch 17, 1979 va ndalism o f the 

Fab r idC1ms , extensi ve safety and eme r gency mea su res have been 

adopted t o prevent a sim i Ja r occu r rence . An eme rgency procedure 

man ual has bee n prepared on the opera ti on of the Fab ri dam . Copies 

a r e l ocate d in the control house , the filt e r p lant and copi es 

a r e a l so ava ilab l e 1-i i th the St n t e Eng inee r ' s Off i ce a nd the 

Urba n Dra i nage a nd Fl ood Control Di st rict . Any mino r cha nges i n 

the i nte rnal pressu r es of the Fab ridams ca used by changes in 

t he wa t er s ur face e l evat ion , arc registered e l ect ronica lly and 

a ft e r a two mi nut e du rat ion an a l arm i s sounded in the filter 

plant whe r e pe r sonne l a r e constant l y on duty . They woul d 

no tify the p roper loca l and s t ate a uthorities if warranted and 

it wou ld be det e r mined i f e vac uat io n o f downstream areas wa s 

pr ude nt . According t o the St a t e Eng inee r ' s Office , an evac ua

tion p lan is i n operation where the d i s charge of 500 cf s o r more 

fr om the s p i Jlway war r ants the ini tiat ion of evacuation proce

dures for res idents in the downs tream fl ood p l ain. 

Of f i c e r s and d ir ecto r s of The Co nso lidat ed Mutua l Wa t e r 

Compa ny a r e : 

Wi I I i am R. Co rne I i son Cha irma n of Board 

Les li e B. Arnold Boa rd of Directors 

Conrad R. Becker Boa r d o f Di r ector s 

Edward L. No rthway Board of Di r ectors 
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Wi 11 iam G. Purdy 

Vi r g i l L. Hi l l 

Gl en E. \4h it t e n 

John F. Me ure r 

Ma rtha Lee Lydi ck 

Board of Directo r s 

Pres ident & Ge ne ral Mana ge r 

Vi ce Pres iden t , Eng ineering 

and Ope r a ti ons 

Vi ce Pres iden t, Admini st r a ti on 

and Finance 

Secreta ry-T reas ure r 

Company o f f ices a r e located a t 10075 W. Colfax Aven ue , Lakewood, 

Co lo r ado 802 15 

VI I. HYDRAU LI C AND HYDROL OG IC EVALUAT ION 

A. General . The hyd r au li c and hydrol og ic ana l ys i s o f the s l udy 

r eq uires that the sto r m i nf low hyd rograph be computed and ro uted 

t hroug h the dams using t\-vo different p roced ures : ( 1) The U. S. 

Bu rea u of Rec lama tion procedu re , as deta il ed in t he i r pub li cat ion 

Des i g n~~ Sma ll Darns , 2nd Ed i t io n, dated 1973 (he re i naf t e r r e f e rred 

to as DSD Procedure), a nd (2) the Co rps o f Eng inee r s p rocedu re as 

de t a iled in the ir pub l i cat ion Inves ti gat ion o f Dams ,~ol og i c 

Anal ys i s, Program 723-Cl-41 0 . The more severe o f t he two infl ow 

flood hyd rogra phs i s to be used i n assess i ng the capa b iliti es of 

t he ex i s ting f a c i 1 i t y . Fur t hermo re, the DSD Procedure r eq uires t ha t 

the p robabl e maxi mum fl ood for the 6-hour storm as we ll as the 

probab l e max imum f lood fo r the 1-hou r thunders t o rm be computed and 

compared . 

B. DSD Proce dure . 

1. PMP 6- Hou r Sto rm 

a . pes ign Prec i p i tat i o~ . The probable maxim um 6-hou r pre 

cip i ta t ion for 10 square mi lcs for t he lo ca t ion of Map le 

Grove Rese r vo i r i s 22 i nches as ob tained f rom the U. S . 

W~ather Bu reau Pub ! ic(lt ion . _'.:._<:_cJ~~ Pape r No . !±_Q_. 

S i nce the d rainage area for Maple Grove Reservoi r i s 

10 . 9 square miles, s li 9htly ci r eute r than 10 . 0 squore 

.___ ______ __ RMC 
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mi les, the r e is no r educ tion for dra inage area. 

There i s an adju s tme nt, howeve r, to prov i de fo r the 

improper storm f i t. Thi s adjustment i s s hown on 

Plat e 5 - Append i x D. 

b. Runoff Index . Runoff index for the d r ainage bas in was 

dete r mined to be CN = 83 a s shown in the calculations 

contained i n P late 4 - Append i x D. 

c . Unit Hydrog ra ph Ca lcul ations . With the physical character

ist i cs of the basin (Sec Plate 3 - Append ix D) , the t ime 

of concent r a ti on was determined to be 1 . 86 hour s . The 

t i me to peak, Tp , was 1 . 62 hour s and the base t i me, Tb, 

was 4.33 hour s . The peak di s charge for the unitgraph Qp, 

was 3260 cub i c fee t pe r second . Based on this in forma 

t i on, plus the design prec ipitation, and the r unoff 

i ndex, the amount of direct runoff was calculated and 

is shown in Plate 5 - Append i x D. Th i s table shows that 

the tota l amo unt of r unoff expected to be generated by 

the 22 inches of ra i nf.111 is 16. 5 i nches. From the 

value s in the plotting tabl e on thi s cha rt, the probable 

max imum fl ood from the PMP 6-hou r storm has been plotted 

on Plate 6 . This storm in f low hydrograp h indi cates 

that the peak r unoff wi 11 be 34,300 cfs and that the 

en ti r e storm wil l gen era t e a total runoff volume of 

9 ,590 acre-ft . 

Thi s storm i nf l ow hydrograph was r outed through 

Mapl e Grove Reservoir by using t he Co rp s of Engineer s ' 

computer program . Ord i nates f rom the plot of the inflow 

hydrograph we r e r ead off Plate 6 a t 15 minute int e rvals 

a nd e ntered int o the program. The s to rm was routed based 

on three ope r·a ti ng cond iti ons of the Fabr i dam: (1) the 

Fabridams ope r at i ng properly; (2) the Fabridams infl ated and 

..___ ________ RMC 
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r ema ining i nf lated; and (3) the Fab ridarns comp lete l y 

def lat ed. These discharge re lat ion s h i ps are s hown on 

the pl ans , Append i x C - Pl~tc 6 and in Appendix E -

Attachmen t 2 - Shee t 11. 

P lat e 7A of Appe nd i x 0 shows this r out i ng with the 

Fab ridams operat i ng properly . Thi s mean s that bot h 

Fab ri dams r ema i n in f l ated unti l t he water s urface e l eva 

t i on r each es 5530 . 65 . At th i s level, t he 1" water r e l ea se 

va l ve from the 6 foo t Fabridarn opens and the 6 f oot 

Fab ridarn s l ow l y begi ns to deflate . At e levation 5530 . 75, 

the 1/2 inch ai r r e lease val ve fr om the l O foot Fabr idarn 

opens and beg ins t o deflate . At e l eva ti on 553 0 . 95 both 

Fabr idarns a r e deflat i ng at max i mum speed and wi l 1 ful l y 

def l ate i f the water s u r fac e e l eva t ion con tinues to r i se. 

Th i s schedu l e i s fully desc ri bed i n Append i x E - Attach-

rne nt 5 . 

P late 7A shows that 30 pe rcent o f the fl ood in f low 

hydrograph can be passed wi thou t ove rtopp i ng the c res t . 

P l ate 7B i s t he s ame rout i ng with the Fab ri darns fu ll y 

i nf l at e d for the ent ire flood duration . Thi s wou ld only 

happen i f each of the fo ur valves on both o f the Fabr idams 

fa il ed to open. Since the r e <:ire syphons on ea ch Fab ri dam 

which ~vould operate as a "fai I- safe" to def l ate these darns 

a t cr iti cal wat er l eve l s, th i s conditi on is h i ghly i m

pro~ab l e . Should this happe n, however, only JO percen t 

of the probab l e max imum fl ood cou ld be pas sed wi thout 

ove rtopp ing . Wi th the other extreme , t he Fabridams be ing 

comp l e t e l y def l at ed , t he routing shows that 40 percen t 

of the inflow hydrog r aph can be passed wi thout overtopping 

(Pl a te 7C) . 

2. PMP I-Hour (Thundersto r m) . 

a . Desig n Pr ec i p i ta ti o n. F i gure 20 in DSD shows that the 

p robab l e maximum th understo rm 1- hour po i nt ra infall fo r 

the Map le Gr-ave Rese rvo ir· s it e i s 13 i nches . Figure 21 in 

DSD i s used to convert th i s po int r a i nfal I value to an 
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a r ea r a in fal 1 value based on Lhr dra in age a rea . From 

th i s , the design precip itation was determined to be 

1 I . 6 inches . 

b. Runoff Index. Table A-9, DSD, sl-)01"'s that for Zone 111 -

br ush , sage , g ra ss - - Jess than 50 pe r cent the CN is 75. 

c . Un it Hyd r99raph Calcu lat i ons . Us i ng a 15-m inute un i t 

gr <lph determinat ion, the time to peak i s 1.25 hours, base 

time i s 3 . 34 hours and Qp i s 4,220 cfs . (See ca lcu lat ions 

in Plate 4) . The d irect r unoff tab le (P l ate 8) shows that 

I J . 9 inc hes o f r unoff a r e to be expected in th i s storm 

eve nt. Pl ate 9 i s the p lot of the f lood from t he thunde r 

sto rm. The peak r unoff i s 39,900 cfs , and the total 

vol ume of runoff is 6,920 acre- ft . Ord i nates fr om th i s 

in f l ow hydrog rap h we re also read o f f the graph and 

entered int o the compu t e r. Pl ate lOA shov1s that with the 

Fabr i dc:ims ope rat i ng pr-ope rl y , only 20 pe rce n t of this 

i nf l ow hydrograph can be passed without ove rtopp ing the 

c res t. On l y 10 percent of thi s flood can be passed with 

the Fabr idams fully infl ated (Plate 108 ) a nd 30 percen t 

of the fl ood can be pas s ed with the Fabri dams fu ll y def l ated . 

(P l ate l OC) 

C. Co r ps of Engineers Procedure 

1. Uni tqroph and Storm Data . IJumcrous options for obta i ning 

these va l ues a r e available in the Corps of Eng ineers program . 

For the unitg r aph values, the opt ion t o comput e Snyder' s 

unitgraph wa s chosen . The a rea , length and, length to the 

cen tro i d o f the bas i n were 

0.58 and Ct value of 0.72. 

cnlc 1cd ,15 1-1el l ,1 s a Cp value of 

The W50 and W75 va l ues computed to 

be 2 . 60 hour s i1 nd 1. 50 ho u r s , re c;pcct ively . The computed Snyde r' s 

0 . 25 ho u1- un i t graph is s ho1·111 ,,.., r J,)Le 11 . The PMP i ndex ente red 

1-1as 22 inches 1vi th an i nitial loss of rainfal l of 0.3 inches 
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and an inf i l trat ion ra t e of 0 . 3 inche s pe r hou r . The 

compu t ed p robab l e max imum f lood i s shown as Pl a t e 12 . 

2 . Reservoir Characte r ist i c s . Again , numerous opt ions we re 

ava i l ab l e t o the prog ram use r t o enter the reservoi r charac t er

i s tics into the ana l ys is . Fo r the l ake elevation--area-

capac ity da t a , ordinates fo r the capacity at each one foot 

i nc rement of wa ter s u rface e l ev~tion were r ead off the projec t 

p l an shown as Append i x C - P lat e 1 an d en tered into the p ro

gra m. The spi 1 lway discharge values at each foot of water 

s urface e l evat ion we re r ead o ff the char t previously d i scus sed. 

The out l et works di scharge values were e nt e r e d usi ng the pro

g r am opt ion f o r compu ti ng the ra t i ng curve based upon phys ica l 

cha rac teris t ics. The top of dam rating was computed us i ng 

the we i1 for mu la op ti on . Pl ate 13 is the La ke Elevat ion , 

Storages and Di scharge Rat i ng Tab le wh i ch shows a ll t hese 

re l a ti ons hi ps based on t he wat e r s ur face e l evat ion . The in f l ow 

hyd rog raph was rout ed t hrough the rese r vo i r and t he results 

are shown on Pl ates 14A , B,and C. Th i s a nalysis shows t ha t 

the PMP produces 9, 178 acre - ft . o f total infl ow . The 

respe c ti ve pe r cen t ages of the PMP tha t can be passed withou t 

overtopp i ng the crest are 50, 20 and 50 f o r the Fab ridams 

ope rat i ng properly, be i ng inf lated and be ing deflated . 

D. Co_'.lclus ions a nd Recommendations. The hydraulics of Maple Grove 

Reservo ir are very complex due to i ts res ide ntial locat ion and 

the downs tream fl oodp l a in. The Fabr idams have been des igned so 

that the fo ur foot freeboard between the top of the 6 foot Fab r i

dam and the top of the 10 foot Fabridam wi 11 pas s a max i mum of 

1700 cfs. Thi s i s the 100 ye,1r frecp1ency design amount for which 

the Le na Gulch channel i s i nt ended to be cons truc ted downstream 

of the darn. As o f thi s r e port writing , thi s channe l improvement 

has not ye t been accomplished. The JO foo t Fa b ridam i s owned 

_____ ____ __ RMC 
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by the Urba n Drainage and Flood Con trol Dist rict and its pur pose 

i s to store any inf l ow i nto the reservoir except the 1700 cfs in 

a 100 year flood. Once the water l eve l exceeds the top of the 

10 foot Fab ridam by a smal 1 amount, both the 6 foot Fabridam 

and 10 foot Fabridam begin to de flat e and wi 11 comp l ete l y de

flate i f need be and the sp il lway wi 11 then pass a maximum of 

13,970 cfs which corre s ponds to the Sta ndard Project Fl ood . 

This hydraulic and hydro log i c a na lys i s , however, requi r e s 

that the Proba bl e Maximum Flood be evaluated. The criteria for 

rev i ewi ng the hydrol og i c adequacy of a dam states that the sp i 11-

way i s con s id e r ed 11 se r i ous 1 y i nadequ.J te 11 and t he dam 11 unsa fe 11 if 

the sp i 1 lw.Jy i s not C.J pab l e of passing one-half o f the Probable 

Maxim um Flood as determ i ned by the Corps of Engineers' p rocedure 

without overtopping the dam . S i nce 50% of this f l ood can be 

pa sse d, the dam i s not to be conside r ed unsafe . 

Plate 14A shrnvs that fo r a starting poo l elevation o f 5525 

f ee t (1,,,,hich i s at the fo ld or l ow po int of the 6 foot h i gh 

Fabridam) the 101" po i nt o f the dam i s o ve rto pped 1. 51 feet by 

the Probabl e Maximum Flood event wi th a duration of embankment 

ovcr·fl01v of 4 . 611 hours. Du ring thi s time, the tot<J l volume of 

water that would sp ill ove r t he top of th e dam wou ld be 2,745 

acre- feet. Velocit i es of this wate r over topping the embankment 

wou ld be 5 . 69 feet per second at the cre s t and 18.0 1 f ee t per 

second a t the toe. S i nce the c r es t i s 40 feet wide at the top 

and has an a sp hal t pave d city street running its length , it is 

h i gh l y un li ke l y that this ant icip <J ted overf l ow ve locity would 

caus e eros ion at the c rest . At the toe, e ros ion i s more like ly 

to occur , but with the thickn ess o f the emban kment and with the 

c r es t r em<J ining in tact, it i s extreme l y unlikely that a b r each 

of the embankment would occur. 

A breach o f course wou ld have severe imp<Jc t to the down

stream f lood p la i n ar ea . Since cross - sec tion s of the downstream 

chann e l we re not avai ]able for th i s st udy, i t i s not known 
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whether wate r overtop ping the dam (wi tho ut causing a b r each 

fu i lu re) wo uld c<i use s i gn i ficcint l y more d;:image tht:ln that c t:l used 

by the max i mum discharge from the sp i llway. Since the sp i l lway 

can pass approx imate ly 12,300 cfs pr io r to ove r topp i ng , there 

would be s i gn i fican t damage t o the downs tream floodp lain a s 

the Lena Gu l ch drainageway has bee n des igned t o accommodate 

only I ,700 cfs an d the i mprovements t o the channe l to carry 

thi s dis cha rge have not yet bee n accornp l i shed . 

Evacuat i on of the f loodp l a i n wou ld be i n i t i a t ed as soon 

a s 500 c f s was being dis c ha r ged from t he sp illway . The i nsta l la

t i on of a g;:ig i ng s t ;:i t i on t:l l ong Le na Gu l ch upstream of the dam 

wou l d g reat l y facilitate th e prediction of whe n s uc h a discharge 

might occ ur . The r es iden tial li mits fo r eva cuation should be 

estab li s he d based upon the max imum discharg e from the dam, 

which acco rding to Plat e JOA, could be 39,676 cfs. These 

li mi ts should be ag r eed upon by the Urban Drainage a nd Flood 

Contro l Di s trict and coo rdinat ed wi th the loca l agenc i es who 

wou l d actually superv i se the evacuation . The Conso lidated 

Mutua l Water CompJny wou ld have the r esponsibi Jity to ca r e fully 

mon ito r d i scharge f rom the sp i I !way and to ini t i a t e the evacua

t i on procedu res if wa r ra nt ed . 

The ex i st i ng sp il lway i s not to be con s i de r e d " se r iously 

i n.:ideciuJLe" bec.:iuse it i s capable of pass i ng.at l eas t one ha l f 

of the Probable Max i mum F lood as determined by the Corps of 

Eng i neers procedure . I t i s , hov.iever, to be cons i dered " inadeq uate" 

since i t passes on l y 50% and additi o na l sp il lway capac i ty and/o r 

s t o rag e capacity i s des ir able . 

VI 11. STRUCTURA L AND GEOTECH NIC l\L EV ALUAT ION 

A. Genera l . The eva luat ion o f the s truc t ural stab i 1 i ty fo r this 

dam is ba sed on the vi sua l i nspec ti o n, avai Jab le de si gn da ta, 

const r uc ti on reco rds a nd history, ope rati onal procedur es and 

convc r s.:it io ns wi th people fam i 1 iar wi th the pr o j ect . 

l~c 
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8. Embankments. W. 27th Avenu e f o r me rl y d id not have cu rb and 

gu t ter along its length to control surface runoff. Conse

q uentl y , water drain ed off the paveme nt and eroded the embank

men t prima ril y on the upstr eam side . (See Photo No. 4 ). Cu r b 

and gutt e r have now been install e d on both sides of t he street. 

The ri p r ap on the upst ream s lope i s gene rally very large 

and there i s no t a proper g radation i n s i ze. (See Photo No . 3) . 

As a r esu l t, some s li ppag e of the riprap has occu rred. 

The settlement in the pavement a t the bridg e abutment i s 

not too excess ive, but if a l lowed to cont inue , furthe r deteriora 

tion of the pave ment su r face wi 11 occur. 

Both the out l e t works conduit and the Rocky Mountain 

Dit ch culvert a r e metal structures that r un through the emba nk

men t. Meta l i s subject to co r r os io n a nd possib l e leakage 

es pec ial l y whe n a pipe i s contin ua ll y under pr essu r e such as 

the ou tl et works con duit fo r thi s r eservoi r. Leakag e from 

e ithe r o f these p i pe structures could be quit e dangerou s , 

espec ial l y fo r this dam s in ce the downstream s lope is so steep . 

(I ve rt i cal on l .75 ho r i zontal s lope . ) Thi s s lope i s steeper 

than tha t normally cons idered stab le wi th embankment mate r ial 

of c l ays and sand y c l ays. Surface s li des could be expected 

anytime the s lope becomes s aturated to any app rec i ab le~epth. 

A h i gh poo l could cause saturati on of the downstream toe and 

a sl ide could resu l t ~ 

The r e i s no in fo r mat ion wh ich ind icates adverse effect s 

on the embankme nt with water e l evations at o r near the top 

of the dam. 

C. Spil lway. The concr e te sp i llway, chute and se tt! ing basin are 

a l l in excell e nt cond i tion . As noted prev iously, the 6 f oot 

high Fo br i dam was punc tur e d in two locat ions by vanda ls. These 

hol e s have been r epa ir e d by the manufacturer ' s r ep resen ta tive 

with a patch on the in s id e a nd a double pa t ch on the out s id e . 

One of these pat c hes i s s hown i n Photo No. 16 <1n d they arc 
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' 

both holding up ve ry wel l . 

The sp ill way was clea r of any r es tric t ions that might r e 

tard the di scha rg e of fl oodwa t e r s . 

D. Outlet Works . There was no indicat ion of leakage f r om the o ut

l e t conduit and no leakage wa s evident i n the downstream control 

we l 1. Due to the s i ze a nd the fact that i t was conveyi ng wate r, 

the i nte ri or of the conduit was not i nspec ted. 

IX. ASSESSM ENT AND RECOMME NDATI ONS 

A. General. Maple Grove Re servoir, due to it s hi gh hazard poten

tial and the vandalism to the Fab ri dams in March of 1979, i s 

probably the most c losely monitored i ntermed ia t e s i ze dam in t he 

State of Colo r ado . In add it ion, The Consolidated Mutua l Water 

Company ma inta in s a staff of highl y qua li f i ed eng ineers to ove r 

see the ope rati on o f the dam a nd t he filt e r p lant. Wh ile it is 

in exce l l e nt condi t i on, the fo ll owing r ecommendat ions should be 

impl ement ed t o improve the st ructu r a l i nt egr ity and ope rat ional 

adequacy of the project . 

B. Embankments . The City of La kewood has ma in tena nc e r esponsib i-

1 i t i es fo r W. 27th fl.ven ue . They should inspect the condition 

of thi s roadway and sc hedule the rehab i 1 it ation of th i s pavement 

sur f ace as soon as possible . 

A year l y ma i n t enance pr og ram of back fi 11 i ng e roded a r eas 

and s t a bi 1 i zing the up s tream and downs tream s lopes shou l d be 

imp lement ed . 

f\ s ta b ilit y ana ly s is shou l d be conducted ( if not a lr eady 

don e) to assure that t he steep down s tre am s lope i s s tabl e for 

a maximum poo l e l evat ion . 

C. Oul let Wo rks . The upstream gate colltro l shou l d be secured i n 

an open pos ition to pr e ven t unauthor i zed closure . 

The out l et works conduit a nd the Rocky Mountain Ditch 

culvert through the emba nkment should be per iod i cal l y i nspec ted 
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t o determ ine i f any l eakage i s evident . Res i st ivity t ests 

should be co nduct ed to estima t e the 1 i fe expecta ncy of the 

pipe material . The port ion of emban kment above the out l et 

works condu i t should especia ll y be watc hed for wet spots wh ich 

could indicate l eakage . 

D. Sp ill way. Effo rts should cont i nue on arrang ing an emergency 

powe r supp ly for ope rati on of the Fab ridams . 

E. Flood Monitoring . As recommended by the State Engineer's Off ice, 

the loca tion of a gag ing stat i on along Lena Gulch upstream of 

the d.:irn, shoul d be a hi gh priority for The Conso lida t ed Mutua l 

Wate r Compa11y and the Urban Dra i nage and Flood Control Distric t. 

The boundar i es of the area to be evacuated shou l d be 

estab li shed based upnn the max imum discharge from the dam which 

ha s been shown to be 39~676 cfs. The Consolidated Mutual Water 

Comp.:iny should be r espons i b l e for monitoring the discharge 

fro111 their sp illway and initioting evac u.:it i on procedures when

ever an <:J111ount of 500 cfs i s d i scht1 r g ing . 

F. Contingency Plan for Emergenc ies. It i s r ecommended, as for 

a l 1 high hazard dams, t hat a contingency p l an for eme r gencies 

be prepared and adopted by the owners of the fac i 1 i ty and then 

reviewed a nd coord i nated wi th local au thorit i es . The Consol i

dated Mutual Water Company ha s a good beginning in their ope ra

ti on;:i l 111.:rnuc:i l for the F,1b ri dt1ms . They shoul d incorpor ate th i s 

into Cl fo rma l p l <ln \vhich should i nc lude, but not be li mi ted to , 

the fol l ow ing: the loc.:ition of stockp il e/barrow mate ri als; 

the location of available const ruct ion eq ui pment; the identi f i 

C<lt i on of r- emedies to pr oblems such .:is developing seepage and/o r 

eros i on ; notificati on procedures in case of an eme rgency ; 

evacuat i on procedures in cas e of an eme rgency; ;:ind train i ng 

fo r- cmc r genc i es . 
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Photo No . Crest of Map le Grove Dam, look ing west . 

Nole e ros ion and dep r es s ion a t right b ri dge abutme nt . 

Photo No . 2 Paveme nt dete ri o rc:i t i on on north s ide of c rest. 
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Pho to No. 3 Ups tream s lope, s how ing mi sg raded ri p rap . 

Typ i cal of ent ire ups tream slope . 

Photo No . 4 

Eroded a rea on upstream 

slope near crest . 
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Photo No . 5 Riprupped ea s tern shore of r ese rvoi r. 

Photo No. 6 Do1vn suealll s lope of embankmen t, with serv i ce 

road to f i 1 t c r p 1 ant at 1 e f t . 



Photo No. 7 Toe drai n downst r eam of l e ft toe, wi th sma l I 

amount o f w~te r flowing from dra i n . (Arrow) 

Photo No . 8 lee , Stewart a nd Esk i ns i n l et near the west end 

of the dam. 



Photo No~ 9 Manual ope ration of the 

gate sc rew. Slope of the embankmen t 

prevents full turning of the gear 

with handle. 

Photo No . l 0 Int e ri o r of gate house 

for releases i nto filter p la nt and 

sma l l irrigation ditch . 

Photo No . 11 

Irri ga tion ditch outlet 

a nd s ti 11 ing basin 

adjacent to gate house. 



Photo No. 12 Exterior of Fabridam control tower wit h secu rity 

fen cing in background . 

Photo No. 13 In ter io r of contro l house , showi ng valves wh i ch 

mon itor Fabridam p r essures and water l evels. 
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Photo No. 16 View of repaired 

area in fold of 6- ft. Fabridam . 

Photo No . 17 Sti 11 ing bas i n, 

spi I lway channel and floodplain 

of Maple Grove Dam. 

I 

• 1 
I 

i 

I 

i 

I 

i 

I 

I 

I 

I 

I 
i 

. I 



APPENDIX C 

PROJE CT PLATES 

Plate 1 1955 Constructi on - Plan and Capac ity Table 

Pl ate 2 1955 Constr uct ion - Prof il e and Typ ical Dam Sect ion 

Plate 3 1955 Construct ion - Outlet Fac i 1 i ties 

Pl a t e 4 1955 Const r uct i on - Sp i I lway and Cu l vert Details 

Plate 5 1960 Improvement - Re locat ed Sp i 1 !way 

Plate 6 1977 Imp rovement - Plan 

Plate 7 1977 Improvement - Sp i I !way Pla n and Sect ion 

Plate 8 1977 Imp rovement - Spi I lw<iy Wa l 1 El evat i ons 

Plate 9 1977 Imp ro vemen t - Spil lway Secti ons and Details 
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Plate 

Plate 2 

Plate 3 

Plate 4 

P lat e 5 

Plate 6 

PlCJte 7 

Plate 8 

Plate 9 
P l ate 10 

PI ate 11 

Plc:Jte 12 

Pla te 13 

Plate 14 

APPEND IX D 

ENG I NEER I NG DATA 

Bedrock Geology Map 

Seism i c Events Map 

Drai nage Area Map 

Hydrologic Data for DSD Procedures 

DSD - PMP 6-Hour, Direct Runoff and Plotting Table 

OSD - Probab l e Maximum Flood Graph , PMP 6-Hour 

DSD - Flood Routing of PMP 6-Hou r, Inflow Hydrog r·aph 

A. Fabridams Operating Properly 

B. Fabr idams In flated 

C. Fabr idams Deflated 

DSD - PMP 1- Hour, Direct Runoff an d Plotting Tabl e 

DSD - Probable Maximum Flood Graph, PMP 1- Hour 

DSD - Fl ood Routing of PMP 1- Hour , Inflow Hydrogra ph 

A. F<ibridams OpcrcJting Properly 

B. Fabridams Inf lated 

C. Fabr i dcJms Def lat ed 

C of E - Computed Snyders 0 . 25 Ho ur Unit Hydrograph 

C of E - Computed Proba ble M<i x imum Fl ood Hydrograph 

C of E - Lake El evat ions , Stor<iges and Discharge Rating 

Tc:Jblcs wit h Fabridc:Jms Workin g Properly 

C of E - Summary TJblc 

A. Fc:Jbridams Ope rating Prope r l y 

13 . Fobridan1s Inflated 

C. Fab ridams Defl.:ited 

c 



Maple Grove Rese r vo ir in reL1ti o 11 to ()djacent bedrock an d so il s. 

Tdv =Tertia r y Denver format i on-] ight g ray to brown, l en ticular, 

l oosely cemen t ed , tuff0ccou s Si)ndstone , silty claystone , 

und andcsi ti c con9 l o111cra t c . 

Source: U. S. Gcolo<J i e<1 l Survey , 1957 

Qc Co lluv i u111 - D,1rk-qr~1y t u r1·ddish - brm-1n bou ld e ry to 
~.:111Jy s i I t ;ind c l <iy 0 11 ·,l u pL", in nDun t () in s ()nd plains 
1vhcre i t 1-1.1'.; dL'po<> i l1'd hy 'ir.iv i ty cind shee t vJ(,)Sh . 

Qp = P i ney Creek Alluvium - O;n k - ~J ray to r eddi sh brown humi c 
clayey s ilt ,111J s,1 nd co 1 1 t.1in i n~1 l <1ye r s of pebb l es, 

~1cne 1-zi ll y i n lrnvcr p.Hl . 

Source: U .S. GcL) l tiq i c.11 Su1-v<'y, 19 78 
App en d i x D - Pl a t e 1 
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5. Time to peak, Tp (use I- hour unitgrilgh; i .c., D= I hour) 
D l 

Tp = 2 + 0.6 Tc = 2 + (0 .6) (l.86) = 1 . 62 hr . 

6 . Base t ime , Tb 

Tb= 2.67 Tp = 4.33 hr. 

7. Peak Di scharge , Qp 

Q _ 484AQ _ 484(10. 9) ( I) _ 3260 f 
p - - 6 - c s Tp l . 2 

8 . For second 6- hou r peri od use Dc6 hours . 

6 Tp = 2 + 0.6(1 .86) = 4. 12 hr. 

Tb= 2.67 Tp = 1 I . 0 hr. 

Qp = 4 B 4 (~~j~) (I) = 1280 cfs 

9 . For PMP, I- hour (thunde r s torm) us e IS-m i nute un i tgraph 

Tp = · ; 5 + o.6 Tc= . 125 + 1. 12 = 1 . 25 hr. 

Tb = 2.67 Tp = 3 . 34 hr. 

Q = 484( 10.9)(1) = 4220 r 
p 1.25 cs 

Append i x D Plate 4 



MAPLE GROVE RESERVOIR DAM 

HIGH HAZARD FLOOD HYDROGRAPH ANALYS I S 
HYDROLO GIC DATA FOR DSD PROCEDUR ES 

A. Design Precipitation 

1. Water shed Locati on: J e f ferson Count y , Co l o r ado . This i s west of 
105° Merid i an, eas t of Continent a l Di v i de , below 8000 1 contour. 

2 . Probable Maxi111um 6-Hour Precipit at i on for 10 sq . mi. (USWB TP 
No . L1 0) : 22 inches 

3. Probabl e Max imum 1-Hour Po in t Rainfol l (D SD , Fig . 20): 13 inches 

B. Ru nof f Indexes 

I. PMP, 6-Hour 

a. Represen tative Hydro l ogic So i 1 Gr oup : C 

b. Soi I-Cove r-C omp lex Number 

Pasture or r ange (poor) 

McadOloJ 

Ur ban Area (Med i um dens i ty) 

CN 

86 

71 

85 

% of 
Area 

50 

20 

30 

We ighted 
CN 

43.0 

14. 2 

25.5 
E2.] -- u se 83 

2 . PMP , 1-Hour 

a. Zone 111, Brush, Sage, grass, l ess thcin 50% (DSD , Tab l e A- 9 , 
p . 544): 75 

C. Unit Hydrogr<Jph C<Jlcula ti ons 

I. Drci i ncige Arca : 10 . 9 sq . mi. 

2 . Lo ng est Cour se : 7.77 mi. 

3. El evati on Diffe r ence between d i v id e and spill way : 2043 f ee t 

4 . Ti me of Concent rati on, Tc = Tc 1 + Tc
2 

Tc
1 

L 2. 39 mi. ~H = 1287 ft. 

Tc
2 

L = 5.38 mi. L1H = 756 ft. 

=(-l I . 9L3lo. 385= ( 11. 9 x 2.393) 0 . 385 
Tc l L\H l I 287 

( 

3)0.38 5 
T = 11 . 9 x 5.38 = l 41 h c

2 
__ , • r . 

o.45 hr . 

Tc = Tc
1 

+ Tc
2 

= 1 .86 hrs. 

Appendi x D Plate 4 



5 . Time to peak, Tp (use I- hour un i tg r agh ; i .c., D"'I hou r) 
D I 

Tp = "2 + 0.6 Tc = "2 + (0 . 6) ( I . 86) = I .62 hr. 

6. Base t ime , Tb 

Tb= 2 . 67 Tp = 4.33 hr. 

7. Peak Discharge, Qp 

Q _ 484AQ _ 484(10.9 ) ( 1) _ 3260 f 
p - - 6 - c s Tp 1. 2 

8 . For second 6-hour peri od use 0=6 hour s . 

6 
Tp = 2 + 0 . 6( 1 . 86) = 4. 12 hr. 

Tb= 2.67 Tp = 1 I . 0 hr . 

Qp = L18Lt(~o.9) (I) = 1280 cfs 
. 12 

9 . For PM P, I-hour (thund e r s torm) use 15-m inute un it graph 

Tp = · ~ 5 + 0.6 Tc= . 125 + I. 12 = I . 25 hr. 

Tb= 2 . 67 Tp = 3.34 hr. 

Q = 484( 10 . 9)(1) = 4220 f 
p 1 . 25 c s 

Appendix D Plate 4 
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DIRE CT RUNOF F AND PLOT TI NG TABLE 

> 
) 

J 
0 
J 
l_ 

l:J 

Loc a t i o n: J effe r son Coun ty , CO, Sec. 29 , T3S , R69W 
PMP, 6-hou r, 10 s q . mi . : 22 in., US\.JB TP No . 40 

MAP LE GRO VE RESERV OIR DAM 
PMP 6-HOU R 

De pth-a r ea-d u ra ti o n zone 4, Des i g n of Smal l Dams 2nd Ed . F ig . 15 , p. 48 
Dra i nage Ar ea : 10 . 9 sq . mi. 

PMP Ex ten si on (D SD, Fi g . 16, p. 49) 

T i r.ie , hours 
% of 6- hr-1 0 sq. mi. prec i p . ( DS D, Fi g. 16 , p . 
Tota l PMP 
Ad j u s t me n t fo r impe rf ec t storm fit: o.8 

(DS D, p . 48 ) 

% of PM P 
21 

Arr anged PMP-:J 

Ti r.ie In c rem. Inc r em . 
Hours 

6 - h.r .1 I 
Pree 1 p-

J Accum . 
P, i nch P, i nc h P, i nch 

I. 0 

2 . 0 

3.0 

4. 0 

5 . 0 

6 . 0 

12.0 

11 

21 

l_I 

l 

49 
l 

8 . 6 l. 4 I 8 . 6 
I 

64 11. 3 2 . 7 l. 6 
: 

I 7 5 13 . 2 I. 9 l. 9 

14.8 l. 6 8 . 6 84 

! 
I 

92 16.2 l . 4 2 . 7 

: 100 17;6 l . 4 l . 4 

I 19 . 5 I. 9 l . 9 

Cu rve Zo ne C DSD, Fi g . 18 , p. SI 

DSD, p. 7 6 , Ex . 1 , 3(c): (6,4 , 3 , 1,2, 5 ) 

2 
CN 82 Q = (p-0.2S ) S = 1000 - 10 

' p+0 .85 ' CN 

Accum. 
P , inc h 

l . 4 

3 . 0 

4. 9 

13 . 5 

16 . 2 

17 . 6 

I 19.5 

6 12 24 
49 ) 100 11 1 118 

22 . 0 24.4 26 . 0 
17 . 6 19.5 20.8 

' I 
Accum . Inc r em. 

I 
Loss 

i nc h i nch i nch 

Di rect Ru nof fl_I lnc r em 

I 
0 . 3 0 . 3 i l. l i 

I. 4 l . I 
l 

I 
0 . 5 

I 
3 . I l. 7 I 0 . 2 ' 

I 
I 

I l . 3 8 . 2 0 . 4 

0 . 1i1 
I 14 . o 2 . 7 I 

I 

I o . iii 15.4 l . 4 

o .~1 
I 17 . 2 l . 8 

1; ii Mini mum r etenti on rate app l i es : 0.1 in/hr, DSD, p. 64 , sec. S lc 

I.,. 
,O 

n 

48 
126 

27 . 7 
2 2 . 2 

I Runof f Peak 
I i nc h cf s 

Inc rem I Un i tgraph 

I 0 . 3 32 60 

I. l 3260 
I 

l . 7 I 3260 

I I 8 .2 3260 

I 
l 

I 
2 . 6 ! 3260 

i 
l . 3 3260 

I . 3 1280 
- -

16 . 5 1n . x 10 . 9 sq . 

I 
I 

I 
I 
I 
I 
! 
I 
I 

I 
i 
I 
I 

In c r em. 
Runoff 

I 
Pl ott ing Tab le 

Peak Beg i n I 

I cfs 

978 

3590 

5540 

26700 

8480 

4240 

1540 

m1 . x 

I 

640 ac . 
sq . r.i i. 

Hour 

0 

l 

2 

3 

4 

5 I 
6 I 

I 

l f t . 
x T2Tn. 

Peak End 
Hour Hour 

l. 62 4.33 

2.62 5 . 33 

3.62 6 . 33 

4. 62 7.33 

5 . 62 8 . 33 

6. 62 9 .33 

l 0 . 12 17. 0 

9590 ac. ft. 

kstewart
Highlight
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DSD - Flood Routing of PMP 6-hour, Inflow Hydrog raph 
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OAH INSPECTION HYOROLOGIC ANA LYSIS - SUMMARY TABLE . - . ---- - . 
*******************************************************************************************************************•···--~~ 

HYDROLOGIC ANALYSIS OF MAPLE GROVE RESERVOIR DAM 
FABRIDAMS OPERATING PROPERLY 
ROSKY MOUNTAIN CONSULTANTS INC. LO~GHON T COLORADO 
AUGUST 1979 

INPUT LAKE INFLOY HYOROGRAPH ORDINATES IN CFS AT ·25G HOUR INTERVALS BEGINNING 
O.O 151.0 3C2.0 45~.0 604.0 1309.0 2014.0 2593.0 3057.0 

6986.0 11540.0 16094.0 19938.G 23126.0 27622.0 32180.0 33343.0 31347.0 
23687.0 2C678.0 18017.0 14975.0 11432.0 7889.Q 6021·0 4941.0 3861·0 

1638.o 1340.o 1308.v 1402.0 1495.o 1511.0 1455.o 1399.n 1343.o 
1119.0 1063.0 1007.0 951.C 895. 0 839.0 783.0 121.0 672.0 

448.o 39 2.0 336.o 200.0 224.0 158.o 112.0 56.o o.o 

AT ZERO TIHE 
4376.0 5694.0 

30004.0 28887.0 
2781·0 2233.0 
1287.0 1231.0 

616.0 560.0 

6553.0 
26789.0 
1935·0 
1175.0 
504.0 

---- - --------------------------------------- LAK~ AN D DAM INFORMATION ---------------------------------------------BEGI NNI NG OUTLET BOTT OM SPIL L ~AY SPILL~AY TOP OF DA M TOP OF DA M H~I GHT DO ~NSTREAM N-VALVE COEF OF 
POOL ELEV I~VE R T OF LAKE CREST CREST ~ IDTH ELEVAT ION LENGTH OF DAM SLOPE ON DS FLOW 

FT,MSL FT,MSL FT,HSL FT,MSL FEET FT,~SL FEET FEET OF DAM SLOPE OVER OAH 

::s2s.oo 5456.CO 5496.00 552s.oo 
------------------------ SUM ~ ARY OF FLOOD 
ROUTING PER CENT TOTAL MAXIMUM 
~UMBER OF LAKE !~FLOW LAKE 

INFLOW VOLUME ELEVATION 
HYDROGRAPH AC-FT FT,MSL 

1 lOC.O 954C. 5536.83 
2 9C.O 8586. 5536.55 
3 80.0 7632. ::536.27 
4 10.0 6678. 5535.98 
5 60.0 5724. 5535.61 
6 so.o 4 770. 5535.24 
7 40·0 3816. 5534.76 
8 30.0 2862. 5534.11 

70.0 

ROUTINGS OF 
DEPTH OF 
LA KE OVER 
TCP OF uAM 

FEET 

2.39 
2.11 
1.83 
1.54 
1.1 7 .ao 

·32 
-.33 

5534.44 1424 .Q 38.4 lV ON l.75H .o 30 3e60 

I N FLO~ HYOROGRAPH THROUGH THE LAKE --------------------------
ESTIMATED INITIAL TOTAL VOLU ME MA XI MUM 
VELO CI TIES TIME TO TI ME SP ILLED DISCHARGE 
CREST TOE OVER TOP OVER DA1'1 OVER DA M FR OH DAM 
FPS FPS HOUR HOURS AC-FT CFS 

1.11 23 .75 3.60 3.72 4J19.9 33229.7 
6.74 22.03 3.57 3.56 3279.4 29906.8 
6.27 20.22 3.76 3.36 2558.4 2658:5 .8 
5.75 18.24 3.88 3.07 1859.5 23221.0 
5.02 15.47 4.06 2.66 1202.5 19903.7 
4.15 12.32 4.33 2.os 616 .4 16586.3 
2.62 1.10 4.66 1.1s 152.4 13200.3 
o.oo o.oo o.oo o.oo o.o 9868.S 

- -- - ~ 

~ 

- ··-- . -- -··------
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v~u - ~rood Routing of PMP 6-hour, Inflow Hydrograph 

······································••••1••······ · ············; ~ .;-;;-; ••••••..••.•••••.•••••••.•••••••••••••••••..•••• 
c~~ I ~ sF~CTIC~ ~Y ~ RCL CG IC A~AL YSI~ - SUM~AFY lABL E 
·····················~································································································· t-'l'CRCL CGIC A•JALYSIS QF ~)P LE GRO\l_E RESC:RVOIR DAM-..SMALL ::0AML6_ J:i.OUR __ -------- -

r A ~~ I[ ~4S CEF L ~ T : D 
RCCK Y ~IQUf\ TA if\ C·' NSULHf\TS INC. LONGMONT COLORADO 
tu r: usr lS 7 '7 

r ~' i: u T L A K t: r NFL :; "' Hy 0 pc GR A p H 0 R 0 J~ A J Es : N c F s AT • 2 5 3 _liC_UR _I.~,. ER v Al s BEGINNING 
.j. ;- 1:1 ~. ~1 31..2. '\:3.C __ _6 J_~.O_ 1:!'.:9.!1 20l~_._Q_ __ 25S3.0 3 0 57.0 

6 .: ~ 6 • ~ : : : ~ ' • ~ : /,. -:;: 4 • - l s 9 ~ p • J ~ 31 ~ €. IJ 2 7 6 2 2 • :' :3 218 ~ • 0 ~ 3 ! 4 ~ • ·~ 3 13 4 7 • ,j 
£?f: ,:. 1.' 2U ! 8 . C l'?.C1 7. ·.i 1~575.C ll432.$ 7889.0 l 0 21.0 _.941. 0 3861.!l 

lc:3A . ,;.~4 . ' i~ - o . :qv 2.G _ l'!S:-. 1511."' lo\5_~_._11 _ l:!''.P. "' l:H3ev 
1 :. : 9 • - 1 -:. 3 • C l , . 7 • ..., 9 5 l • J _8 9 5 • C ~ 3 SI • 0 _ _ ]_8-J..J) ___ _ 7 2 1 • 0 6 7 2 • 'J 

t.T ZE RC THI E_ 
~376.0 __ 569~. o 

3 00)'4. 0 2RR87.0 
2781.C 223~.c 
1287.C 12~1." 
616. 0 560. C 

655 3. 0 
2E78<;.0 
15:3~.o 
i11:.c 

5 0 4.0 
.:.t; 3 . ~ "' .? . · :> ~J. . 2 ~J .O 22". : 16~ . 'J 112.0 55. IJ O. ':l 
-------------------------------------------- LAKE ANO DAM INFORMATION ---------------------------------------------BC.:Glt,l\ I f\ ( ':lUT L ;:: T t3 0TTQM SPI LL\4 A ' SPILLWAY TCP CF DA~ __ _JCF OF O/>M HEIGHT DOWNSTRE~JI N-VAL\1£ C;)(f CF 
P~ JL EL::v ~ \J V::-RT OF LA.KE CR(ST CR!::ST WID TH ELEVAUJ)N ___ LENGTH OF DAM SLOPE _ _oN OS FLOW 

FT, ~~ L rT tV S L r=1, ~s l FT,M~L FEE i FT,MSL FEET FEET OF DA~ SlCPE CVER DA~ 

:::. 5 ;. I.,. • \. ~~:. 6 • . ! ':4 ;6 . G :s20 . 3_ 7 ~ . ;_; 5534_.4~ l.'42A '• " 38.A lV ON 1.7~H n ~ r . ~ ~ 
------------------------ S L'·1 1-1 tFY- 1 F r=Ico_o __ Roffrn~s s ::i F INFCow HYOFfo-GR~PH THRcu:;H THE L t. KS:: 
~ouTI~G PC.:RCE~I TOTAL MAXIMU~ DEPTH OF ES TI MATE D I~ITIAL TOTAL VOLUME ~AX!~UM 
l\u~ f::f r JI=' L ~'\~ Ir\FLOI. LJK.E __ L AKE OVER. -'J£ LDCIT1£_5__ JI.ME '!'0 TIME SPILLEC CISCti.CR GE 

! 
? 

3 
'4 
= -
c -, 

l fltF LC w V '.) LU ~E [L£\l~TICN _ TOP GF DA~ __ CREST _ JOE _CVEP TOF OVER DAM OVER OAJI! __ _fRCM t:AH 
~YOKCJ R~~H ~C-FT FTtMSL FLET FPS FPS HCUR HOURS AC-FT CFS 

. ~ :;3 4 ·-. s:~E.e ~ 2. ~ :1 
/ . .., B 5-3 ~ • 5536.5~ 2.11 
) ·: . - 7 ~ 3 2 . 5:3f.:::j , Q ~ - . ~ -
7 . • '. £:~ 1 P. . 5535.t;f l.~4 
:l . - s 72 4. S53'.:.S1 1.17 
c; • 4 7 7; • 5535.2~ • Q J 
~ ~ o : f . 55~4. C ~ - .. ~ . - . - ~ 

7.: 7 2~_.74 .. c r 
~ . ... "" 

6 .73 2.2. J 2 3.99 
': • 2 7 20.21 4.12 
5. 7~ 1a.22 4.2e 
s .01 J.5. 45 4. 4 3 
4 • l '4 12.27 4.74 
~· • ~ :l 0. '..':) c. J ·J 

3. :n 
3.17 
2 . 9! 
2.55 
2. op 
1. 46 
" I'~ ' . . 

3lf7E. f. 
2759. C 
206!:.'I 
1412.2 
81E . c 
311.1 " ~ " . ' 

~322 9 .6 
2~5 C E:.7 
~6S8 3.7 
~3221.E 
l 55C 4. l 
16549 .~ 
!~£ 42 .3 

:! • f u 
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DSD - Flood Ro ut ing of PMP 6- hour, Inflow Hydrograph 

••••••••• ••••• • ••••••••••••••••••••••• ••••••••••• ••••••••••• •• •••••••••••••••••• ••••••• ••• ••••••••••••••••••••••••••••• 
DAM I~SPECTION HYCRO(OGIC ANALYSIS - SUHMARY TABLE - - . --

- -.~ ........ ......... ..... ........... ...... ..•.............•.. ......... ~ ..................... ......................... .. . 
HYDROLOGIC ANALYSIS OF MAPLE GROVE RESERVOIR DAM 
FABRIDAMS INFLATED 
ROCKY MOUNTAIN CONSULTANTS INC. LO NGM ONT COLO RAD O 
AUGUST 1979 -

I NPUT LAKE INFLCW HYOROGRAPH ORD I NATES IN CFS AT .250 HOUR I NTE RVA LS BEGI NN I NG 
o.o 1 51 .0 Jo 2.o 453.c 604.o 1309. o 2014.0 2593.0 3os1.o 

6 386.0 11 540.0 16094.0 19 93 8. 0 23126.0 27622. 0 321 80 .0 33343.0 31347.0 
23687.0 2C678.0 18317.0 14 9 75.0 11432.C 7 889. 0 6 021. 0 4941.0 386 1 .0 

1€38.0 134C. O 13 08.0 1402.0 1495.0 1 511.0 145:.o 1399.0 1343.Q 
1119.0 1063.0 10G7.0 551.0 895.C 839. 0 783.0 727 .0 672 .0 
~48.0 392.0 336.0 280.0 224 .0 168.0 112 . 0 56.0 o.o 

AT ZERO TI ME 
437 6· 0 569 4.0 

30004.0 28887.0 
2781.0 2233.0 
1201.0 1231.e 

616. 0 560.9 

6553 . 0 
26789.0 

1935.0 
1175.0 

50 4.0 

------------------------------- ---- --------- LAKE ANO DA M INFOR MA TION -------------------- - ------------------------BEGIN NI NG OCTLET BOTTOM SPILLYAY S PILL ~ AY TOP OF DAM TOP OF DA M HEIGHT OO~NSTREAH N-VALYE COEF OF 
P OOL E LEV I~V£RT OF L AK~ CR~ST CRES T ~ IOTH ELEVATI ON LE NGTH OF DAM SLOPE ON OS FLOW 

FT, MSL FT,MSL FT,MSL FT ,MSL FEET FT,MSL FEET FEET OF DAM SLOPE OVER DAH 

5525.00 54'36.0 0 5496.CO 5525.CC 70.0 5534.4't 1424.0 38.4 lV ON 1.75H .030 3.60 

------------------------ SUMHA RY OF FL OOD RO UTIN GS OF INFLO~ HYD ROGRAPH THROUGH THE LAK E -------------~-----------
ROUTING PERCENT TOTAL MAXIMUM DEPTH OF ESTI MATED INITIAL TOTAL VOLU ME MAXI~UH 
NUMBER OF LAKE !~FLOW LAKE LAKE OVER VELOCITIES TIME TO TIME SPILLED DISCHARGE 

INFLOW VOLUME £LEVA TI ON TOP OF DAM CREST TOE OVER TOP OVER OAP'! OVER DAH FROPI OAH 
HYDROGRAPH AC-FT FT,HSL FEET FPS FPS HOUR HOURS AC-FT CFS 

1 100.0 9540. 553 7.38 2.94 7. 34 26.86 3.19 4.85 6180.6 33259.7 
2 90.n 8586. 5537.15 2.11 7.62 25.56 3.33 "· 59 5352.3 29933.7 
3 ao.o 7632. 5536 .89 2.45 7.26 2'4.10 3.'t'l 4.36 4535.5 26584.2 
4 70.0 6678. 5536.61 2.11 ,, 6.83 22.'tl 3.5. 4.14 3728.5 23261.2 
5 60.C 5724. 5536.33 1.89 6 . 3 7 20.63 :3.66 3.90 2938.3 19938.1 
6 5C.o 4770. 5536.05 1·61 s. aa 18.73 3.81 3.63 2161.7 1661~.9 
7 40.0 3816. 5535.70 1.26 s.20 16.16 4 .o 0 3.2'\ lUl.7 13270.8 
8 --- 3C.O 2862. 5535.34 .90 4.39 13.17 4.32 2.57 706. 3 9-353.1 
9 2n.o 1908· 5534.79 .35 2.13 1. '+ 5 -l· 8 7 1·21 12-'.3 6355.7 

10 10.0 954. 5532.01 -2.43 o.oo o.oo o.oo o.oo o.o 2803.3 
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Location: Jefferson County , CO, Sec . 29 , T3S, R69W 
PMP , 1- ho ur po int r ainfal l: i 3 in., DSD, Fig. 20, p. S3 
Drainage Area: 10. 9 sq. mi . 
Area Adj ustment Zone 111, DSD, Fig. 21 , p. S4: 0 .89 
PM P , I - hou r , 1 sq . m i . : 1 1 . 6 i n . 

I 

DIRECT RUNOFF AND PLOTTING TAB LE 

MAPL E GROVE RES ERV OIR DAM 
PM P 1-HOUR 

·-··---· -· 

I 2/ I o· R ~f 3 / % of 
I 

PMTS Arranged PMTS- 1rec t unor -
I 

l> 
'O 
'O 
(1) 
:l 

T ime 
Hours 

0 . 25 

o.so 

0 . 7 s 

1. 00 

1 . 25 

I. 50 

I . 7 5 

2 . 00 

2.2S 

2 . so 

2.75 

I 

' I 

I 
I 

I 

I 

; 

3.00 
Q. ' 

x 

1- h.r .11 Prec 1p-

48 

71 

88 

100 

110 

117 

122 

126 

129 

13 I . 5 

133 

134 

Accum. 
I 

lncrem. 
P, inch P, inch 

5. 6 5 . 6 

I 8 . 2 2 .6 

10 . 2 2 . 0 

11. 6 I. 4 

12 . 8 1. 2 

I 13 . 6 0 . 8 

I 14.2 0 . 6 

I 14.6 o . 4 
I 

15.0 0 . 4 
I 

1 S. 3 0 . 3 

IS. 4 0 . I 

: 15. s 0 . I 

lnc r em . I Accum . I Acc um . I Inc r em . 
P , inch P , inch I in ch inch I 

I . 4 1. 4 0 . 1 0 . 1 

2 . 0 3 . 4 I . 2 I . I 

2 . 6 6 . 0 3 , 3 ! 2 . I 
I 

3 .4 
I 

5. 6 I 1. f, 

I 
S. I 

12 . 8 I . 2 9.S I 1. 1 

o . 8 13.6 10 .3 I 0 . 77 

0 . 6 14 . 2 I 0 . 8 0 .5 

0 . 4 14 . 6 11. 2 0 . 37 

0 . 4 i IS . O 11. 6 0 . 37 I 

0 . 3 15 . 3 11. 9 0 . 27 

0. 1 IS . 4 12 .0 0.07 

0. 1 1 S. 5 12. 1 0 . 07 

l Inc rem. 
Los s 
inch 

! 
1 . 3 

i 0.9 ' 
I 

' o . s 
I 
' o . s I 
I 
I 

I 0 . I 
I 

0 . OJY I 
I 0. 1 
I '·/ 
I 0 . 0~ 
I 

o. o-;; I 

I 
o . o-;; I 

I 
o . o-f!/ I 

I o . o~/ 

0 J 1 . 9 in . x 10. 9 sq . 

" 
OJ ... 
(1) 

CX> 

1 / 

2/ 

l./ 
4/ 

5/ 

DSD, Tab 1 e 2, p. 52, Zone I I I 

DSD, Tab l e A- 8, p. 543 (4 ,3,2, l ,5, 6 ,7 , 8,9 , 10 , 11 , 12) 

DSD , Tabl e A-9, p . 544 (CN7S) 

DSD, minimum r e tenti on ra te applies: .03 in/.25 hr ., DSD, p. 64 , sec. 51c 

0.2S hr . un it graph peak of 4220 cfs t imes incremental runof f amount 

I I nc re§1r 
Peak-

cf s 

42 2 

4640 

8860 

21S OO 

4640 

I 
3250 

21 10 

1560 

1560 

1140 
' 

29S 

29 5 

mi. 640 ac . 
x mi . x sq . 

Begin 
Hou r 

0 

. 2S 

. so 

.75 

I. 00 

1. 25 

1. 50 

1. 7 5 

2. 00 

2.25 

2.50 

2. 75 

1 ft. 
12 in . 

Plotti ng Ta ble 

I 
Pea k End 
Hour Hour 

I I . 2S 3.34 

I . SO 3 .S9 

I. 7 s 3.84 

2 . 00 4 . 09 

2. 25 4 . 34 

2.so 4 . 59 

2.75 4.84 

3. 00 5 . 09 

3 . 25 5.3 4 

3 . SO 5.S9 

3.75 5.84 

4.00 6.04 

6920 ac . f t. 

kstewart
Highlight
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DA~ INSPECTION HYCROLOGIC A~ALYS1S - SUMMARY TA BLE - -
·························································•••*****************************••···························· HYDROLOGIC ANALYSIS OF M4PLE GROVE RESERVOIR DA~ - I He. DSD 

~A~~i DAMC f NF LAT ~O O~ M80N AIN CCNSU LTANTS INC. LONGMONT COLORADO 
AU GUST 157 9 

I "JPU T LAK E !~FLOW HYDROGRAPH ORDINA TES IN CFS AT 
G·'i 84 . 0 1G97.u 3881.0 10966.0 18978. 0 

.250 HOUR I N T~RVAL S B~GINN ING AT ZERO TIME 
2750 6.0 3•97 2.0 39919.0 38306.~ 35~38. : 3!.59~. J 

27126 . C 2: 16 5 . 0 16736. j 1131 8 . D 6682. 0 398j.Q 2559.0 15~ S . ~ 91 5. 0 ~5~.C 180. : - 1 • 
':> .... 

13. ,:; J • .; 
-------------------------------------------- LAKE AND 
BEGINNI~G OU TLET eC TTO M SPILLWAY SPILLWAY 
POOL E L ~V I~VE R T OF LAKE CR~ST CREST WIDTH 

FTt MS L FT,MS L FT,MSL FT,MSL FEET 

5szs. o ... 5 4S6. ': J 5 4 96 . ~0 5525.0G 

------------------------ SUMMAR Y OF FLOOD 
ROUTI~G P ~P C E~ T TOTAL MAXIMUM 
NUM9ER OF L~K E INFLOW LAK~ 

l 
2 
"! 

4 
5 
6 
1 
8 
9 

1 ) 

I NF LC W VOLUME ELEVATION 
HYOROSRAPH AC-F T FT,MSL 

1 ~: . !: 
c. - ~ . . '
\. ,.. r ....... . "' 
7 . • c c.. ~ ~ 

\..,; - . .,,,. 
.: r ,... , . . 
~::;. c 
3 - • 
? •, - . 
1 ~: • '-

6953 . 
0258 . 
5S62. 
4867. 
4172. 
3 4 7 6 . 
2 78 1· 
2: 86 . 
!3 '71 . 

695 . 

5537.83 
553 7.55 
553 7.27 
553 6. :B 
5536.66 
:536.32 
5535 .98 
':53'1 .54 
5535 . G7 
5S 32 .24 

70. 0 

ROUTINGS - OF 
DEPTH OF 
LAKE OVER 
TOP OF DAM 

FEET 

3.39 
3ell 
2.83 
2.55 
2.22 
1.88 
le54 
1.10 

.63 
-2.2 0 

DAM INFORMATION ---------------------------------------------TOP OF DA M TOP OF DAM HEIGHT DOWNSTREAM N-VALVE CO~F OF 
ELEVATION l~ ~G TH OF DA M SLOPE ON OS FLOW 

FT , MS L F:::: T FEET · 0 F DAM _ SL 0 PE 0 V: R 0 ti. ~ 

5534.44 1424. S 38.4 lV ON l.75H • 0 3~ 3. 6 ,. 

INFLOW HYOROGRAPH THROUGH THE LAKE --------------------------
ESTIMATED I~ITI AL TOTAL VOLUME MAXIMUM 
VELOCITIES TI ME TO TIME SPILL~D D ISCP.ARG~ 
CREST TOE OVE~ TO P OV~R DAM OVER QAM FROM DAM 
FPS FPS HOUR HOURS AC-FT CF S 

B.53 29.25 1.42 3.08 5165.9 395 77.3 
8 .17 27.73 1.4 5 3.00 ~502.3 357 v ~ . 5 
7.80 2e •. 27 1. 43 2.90 3841·6 31741·~ 
7.4 3 24.6 7 :. ~ 4 2 .78 3186. ~ 2 77 ~1 .l 
6. 9 C 22.67 1. ~ G 2 .65 2539.4 2376 :. ~ 
6.35 2J.ss l. sa 2. 43 19 1 3.7 196 . · . ~ 
s.15 la.22 i.1 9 2 . 2• i2a 1.3 158 ' 2 . a 
4. 87 14.93 l. ?6 :.87 6~2.S ll P4~ . 1 
3.68 l 0 e68 2.28 1.11 174.8 7 5 ~4. S 
c.oJ o. oJ J . ;; ~ . o~ J. ~ 2 5j ~ .4 
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DSD - Flood Routing of PMP 1-hour, Inflow Hydrograph 

*********************************•**********************************************************************************••• 
DAM INSPECTI 0 N HYCROLOGI C ANALYSIS - SUM~ARY TABLE 
*************************************** ** ******* *** *********************** * *** ************••··············· ······· ·· ··· 

HY~ ROLOGI C AN ALYSIS Of MAPLE GROVE RESERVOIR DA M - I H~ DSP 

;e~~~ 0~98 N~i~bA!~~SULTANT S I ~ C. [ ONGHONT COLORAD~-
AUSUS T 1 5 7 9 

r ~ ~ur l~ K[ I NFL OW HYDRO GRAPH Q ~ OINAT ES IN CFS AT 
a. ~ R4. ~ l :s1. c 3881. 0 10966.o 18978.a 

.25 0 HOUR INTE RVALS BEGINNING AT ZERO TI ME 
27506 . 0 34972.0 39919 .0 3830 6.Q 35438 . G 3159 Q.• 

271 26 . G ~~ 1 65.~ 1 6736 . ~ 1 1 ~1 8· ~ 6682.~ 398 G. O 2555. 0 1585.J 915. J 454.J 18 0 . ~ ~ 1 - . 
0 - • 

13. C ~ .· 

-------------------------------------------- LAKE AN D 
BEGI N~ I NG OUT L~T HO T TO M SPILL WA Y SPILLW AY 
POOL ~ L ~V I~VER T OF LA KE CR EST CREST WI)TH 

FT,MSL FT,MSL FT, MS L FT,MS L FEET 

552 C. C2 5 4%. ~:J 5 4 '36. 0 C s s20 • .: o 

--------- - -------------- S UMM AP Y OF FLOOD 
~OUTI NG P~? CE~T TOT4L MAXIMU~ 
N L MA~R OF LAK ~ INFLO~ LAKE 

I NF L O~ VOLUME EL~VATION 
HYORQGRAP~ AC-FT FT ,MS L 

1 1 ~ [. • ~ 6953. 5537.31 
2 ~ r -

';/ . ' 0258 . 553 7. 0 3 
3 8 '": . ·: 5 562 . 5536.70 
4 7 : • : 4 RE, 7. ::536 .37 
5 

, ... , . 
b ... . ; 417?. '::536. 'J 3 

5 ,. 34 76. :~35 .59 - . " 
7 4 - . 

' ... 2 781. S'535 . U6 
3 "'! , . :,; 2 : 86 . :_5 32.r;s ~ 

70. 0 

ROUTINGS OF 
DEPTH OF 
LAKE OVER 
TOP OF DAM 

FEET 

2eB7 
2.59 
2.26 
1.93 
1.59 
le l 4 
.52 

-1.99 

DAM INFORMATION ------------ -- - ---------- - ------- --------- - --TOP OF DAH TOP OF DAM HEI GHT ~OWNSTREAM N- VAL VL C Q~F OF 
~LEVATION LENGTH OF DAM SLOP~ ON OS F LO ~ 

FT tM SL F EET FE~T OF QAM SLOP E ov:~ J ~~ 

5534.44 14 24.0 38. 4 lV ON 1.75H • c 3:; 3. 5 ~ 

I NFLOW HYDROGRAPH TH RO UGH THE LAKE -- - -----------------------
ESTI~ATEO I N ITI ~ l TOTA L VOLU ME MAXI~ U M 
WELOCITIES TIM~ TO TI ME S PILL ~ D DISCHA RG E 
CR~ST TOE OVER TOP OV~R DAM OVER DAM FP.OM DAM 
FPS FPS HOU R HOURS AC-FT CF S 

7.85 
7.46 
6.97 
6.4~ 
5.34 
4. =J6 
3. ss 
') • 0 0 

26.5') 
24.91 
22.95 
2Q.84 
18.56 
15· 25 
10.56 
J. '.1 0 

1.05 
1 • 7 f) 
1.77 
l. q 4 
1. 15 
2 • . _ 9 
2. 3 5 
'l ~ "I .., . ..; ..,, 

2 . 38 
2.21 
2.13 
1.94 
1 • 7 :. 
1.3 5 

.73 
~ - ., 
...._ .. ""' .,, 

3 29 4. 0 
2 690 ·1 
2 ') 9 9.3 
15 30 .S 

992 .1 
5 '1 4. 1 
l 'j 8.6 

(J .- J 

39675.6 
35 6 78.7 
31 6 7 9 . 9 
2 77: '- .7 
237 27 . 4 
19 ~b9 . ·.:: 
14 96'3 . i 
HJ, 2 3 . ' 
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HYDROLOGIC ANALYSIS OF MAJ~L~ -GB_OVE- RE SERW-QJ R l>Al4--CA"8~f~T11-Jc:;. -E"R..oP-&R .~':f'._ ______ ::_ ____ __:_-=------
LAKE LAKE STORA6E PLUS OUTl,.ET - :~,. SPILLWAY ·ovE ~ T OP TOTAL 

ELEVATION STORAGE HALF DISCHARGE OISCHARSE • . . . DISCHARGE • OF DAM . OISCHARG:'. 
FT 'H s l Ac-FT --=--- -=-=--~ ~£ t --_ - - ·-c-;r ~-- - - - - • F. s. - ---_-_- c;r; s-;,-- ---.:-=-=·---_--_-c .r. s • 

ss•o .o oo 
~ ~ ~9 • ~ Ot, 
5538. C' C:. 
5537 . G O ~ 
5~36. :! c: 
5535. J Ot' 
5!i34.~0 J 
s:~J. c rJ 
553 2 . C 0 -:" 
5531. 0 0. 
553 0 . : oc 
5 529. ~ U 
5528.CC_ 
5527ewC I'.. 
5526. '} o .. 
:s2s. r: c 
552~.!JO '.".. 
5523. ~· c..: 
5522. 0 0 ( 
5521. t! OC 
:521). L C" 
::19. c i; . 
5518. : 0 . 
ss11. ;: c : 
s:16. :: o · 
ss:s. r r:: 
5514. :c ~ 
s:1~. -~ 
5512•1.0 .. 
ss11. :· o: 
5s10. : 0~ 
:: J 5."\~ : 
ssos. ·:o ~ 
5507 . ... o
: 506. '.• ~ . 
5505·20 : 
5504.:C : 
5Sj ~. # c .. 
::~~2.:c .~ 
55 ·~ 1. ~ ~ .
S':Jv.r:c .. s .. 59 • . ·: o, 
5498 . :C' 
5497. ]Or 
5 4 5 6. : 0 ·: 

1158.10 0 
1122. 2 cc 
1086.3 C ~ 
1J5C'.4CC' 
1 ~ 14.50~ 

978 . 6 C:a 
942.7C C 
906.B G; 
87 C' .9C3 
8 .34.9 0: 
799 . G:, :; 
763.l OC· 
121.2 0~ 
691•3C>: 
655.~CC 
6111.5C G 
583.6 00 
54 ::1 .82 C 
51) .680 
473.83~ 
43 9.0 S C 
4~; 6 .i1 ; 
37s.oc ·. 
345.73 :. 
317.960 
291.66~ 
26S. 8 7 G 
243.45 .: 
221.41C 
2 ( '.' .75". 
lat .35 .'.'. 
162·98 C 
14 5.65~· 
l2 =J .35 r: 
11 3 .37 : 

9:;. 5:: 
85.85 ':1 
72.89 : 
6 ' .6 -: ~ 
47.0l ~ 
38.11 1 
21. 1 9: 
17.91~ 

0, • 6 1 ~ · 
~ • 0 c ~ 

2023e971 108eD17 16600.000 67107.061 
1800.961 106.860 15790.376 49805.894 
-~96-;7Tl ·- - - ·- -io~;7o"3 - 1soo o. 9 92 3430 6;194 
1413.856 ____ -l1l~4-b T~Z31.~8.\9 --.- --2ll8'45~'bC3 --·-- - - ·-
1255.~77 103.389 13482.9.\6 9788·2 57 
1127.599 102.232 12713.000 1607.650 

·-iirJ9;1~-a-~-- ~------un-;-o rs----·--·- - '9 23 3. o 37 o .1! o o -
- '"973;-002-· -- - --- ~;s-bJ ---- ·--6308 .401 - - -- -- - 1>.00 0 

910.652 97.93• 3750. 0 00 · o.oo ~ 
856.5 53 96.~06 2000. 00 ~ o.coJ 
814. t\ 3 s - - CH • r; 7 8 - -- - l 4 ~ 0 • :J 0 0 -- . 0-; 0 0 ') - 17r.3sc --- -- ---- 92 ;-149 -- ·---- 900.-~ co ·--- -- · o.-oo 'J 
733.814 9~.221 550.0CO 0.000 
695.311 88.292 300.SOO 0.0 00 

- 65?.J25 a6.'36t\ ·-- - 100.00~ o.oo " 
- 02 rr • 3'7"2 - --- - - ·a r. 4 3 6'. - - - • o o o ·· -o • o o o 
584.•52 82.507 o.ooo o.ooo 
550.652 80.579 o.ooo o.oo o 
51.~49"3 __ --- 1s.&so----- -- - o. ooo -· · o; oo o ·--m-;-6""23 _______ ·-- n;r22----- ·· o .o oo ·- ··- · --· -- -o. oo 'J 
•39.823 74 . 794 o.ooo 0.001 
406.863 12 .86 5 o. ~o~ o .oo~ 
3 75. 7 3 3 - 70 ;-9 37 - - o. 0 0 0 I). 0 0 ') 
34'6.<\43 -- 69. C-08 o. ~ oc Q.ooJ 
318•653 61.oao a. coo o.oo ~ 
292.333 6~.1s2 o. coo n.oo ~ 
2 6 7. 5 2 3 - - - - --· 6 3 • 2 2 3" ·-·· - - - 0 • 0 c ~ 0 • 0 0 ) 
244.-083 - ·- - E1.29s -·- a.coo o.ooo 
222.023 59.367 o.~oc 0.00 0 
2~1.343 57.438 0.000 a.CO ') 
181.923 55.510 ------ - - o. oo o , .0 0) 
lti3.-S34 53 ;s0 1 -- ---- -- - a.coo · - --- -- o.oo; 
146.184 51.653 o.ooo o.oo o 
129.863 ~9.630 o.oo~ o.oo: 
11 ~. 4 s 6 " - -~1;-o 4-2 --- ----· -· -- 0 • 0 0 0 0 • ') 

99.969-- - - 44;-45.-------- ~ . o o:i o.85 J 
86.283 4'1.866 o.o o~ o.ooJ 
73.296 ~9.278 o. coo 0.001 

' 6 0 .CJ79 -·- --. - "'36'";69 0-- - ·---- . c.ooo - - 0 . 00 0 
~ 9.362 ·· - - < --- :n·;-1oz- -- -- ·· 1J.oo o o .Do 1 
38.436 31.s1• .~ o.oo~ o.co o 
21.991 20.•69 o.o o~ 0.00 1 
1 8. 0 2 5 . - - - 11-;-1~2 ---- -- - 0 • 0 0 ,, 0 • I) 0 J 
a. 6 51 ·· - -- J; 1n er-·--- - . .. ~ • ~ n n -· o. o o J 
c.03 ~ a. coo o.ooo o.oo ~ 

83815.078 
657 ~ :!.13 J 
49412.aaci 
3'S18l . 997 
2337 •.592 
l.\.\ 22.882 
. 9"3 3 •• 111 

li.\ (1 8.2 6 4 
3847.934 
2056.0 : 6 
lo\94. 0 7 8 

9 92.149 
64Ce221 
388.292 
186.364 

8 4 .436 
82.5)7 
8 0 .57~ 
78. 650 
76.722 
74.794 
7 2.865 
7 C .9'37 
69 . ~f;B 
6 7. 0 8 '..1 
65 .15 2 
63 . 223 
61 . 29 5 
59.367 
57.43~ 
55 . 51':· 
53.S'H 
51.653 
4 9 . 63 : 
47. 0 '+2 
4~ .4 54 
41.866 39.278 
3 6. 6 9~: 
34.l'.) 2 
31.51'+ 
2 ·1. 469 
11. 1 '+2 

3.93!3 
ll . Q 0 ~ 
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DAM I~SPECTION HYOROLOGIC ANALYSIS • SUM~ART TABLE 
•••••••••••••••••••••••••••••••••••••• ••••• •••••••••• •••••••••••••••••••••••• • ••••••• •••••••• ••••••••••• •••• ••••••••••• HYDROLOG!C ANALYSIS OF 1'APLE:- GR-O-.rRES£RVOrR ---OAii. ·----- -- · - . 

ka~~t 0A8oN~lt~AteD~at~~'-1Mc. L:ONG .. tllH COLO~;oo ~: ., . .,, -· -· --- --
AUGUST 1579 

SYNO:: RS . 2 : ; HOUR UNIT HYDROGRAPH DATA AND PARAJIETERS 
OU RAT ION O.A L - l.-c-A ··----CP- Cf Qp----...T""P ----V5J 

HOU~S sa-MI MILES -r4 ILES - -c;F.S HOu~ ·-mrn~s 
.2sc 1 0.CJ j 1.11 3.:so .58V .720 21sa .6 1.91 2.60 

PROBABL~ MAX!MU'1 STORM PRE-ClP-rT~TIUN ~-RUNUFF---CHA·R~-CTt:RISTIC-S 
p Mp RA IN DI s TR I Bu TTON -r 1i -Pt:RCElfll)Ft'llfP___ TNr---·c-crs-·nrF - RA TE 

IND EX FACTOR 6-HR 1 2-HR 18-HR 2o\-HR INCHES INCH/~R 
22 • L0 .B~l 9 9.r. ~ 110. 0 0 114.0o\ 117.00 .30 .'30 

1175 
HOURS 

1.so 

UNIT ·vol ---- ---
- AC.;r-T ·--- --·--. 

581.33 

VQ[lJ ~E - IN -·1NCRIT ____ _ 
RAIN LOSS EXCESS 

20.62 4.83 15.79 

- -- -- - -- ------------ - ---- ----- --•--- ~---· -·L-AKr!Nfl-0-V-~YORU G"R""AP~~1l!N AT ES --- --- __ ;;;. _ - -- - - -.;.-_ ..;_ .;.;,. ____ -- - - -- -------- -
PROBABLE MAXIMU~ FLOOD HYDROGRAPH ORDINATES IN CFS AT .2so HOUR INT ERVAL S BEGINNING AT ZERO TI ME 

;; . ,.. G. : o. : o. ~. o.c O.Q Oe ".l O.!) 0. 11 o.o O .~ ,; • ~ : • c ti . ~ c. :- -- -u .--u - ---o-.·o - - 1r.1! - o. o u • r, ll. 11 o. c 
0 • ~ l • 5 4 • 5 9 • 0 ----rr. U - 2T• o- 3 2 • 9 4 4 • 4 5 6. 5 - "67 ;;9 7 8 • 5 

97.2 l 'l 5.l 11 1 . 9 118.0 123.6 1.28.9 . "133.8 138.3 142.4 146.2 149.6 
~55.1 249 . ~ 367.~ 577.1 855.7 1281.2 1799.9 2541·1 3390. 5 5009.4 7349.8 

i2~64.2 1 5 !45.a 1 8:t 41.~ 2 o ss1.ti-~-z37 a-.6 229s1~- --z279ill--- 22323.s - z1s9-s.8 2c-sn.9 · 1939·1.· a 
1745~.o 1 56 76.E 1 53 42.8 1495~·.2 ---r~l.~ 13017.l 11"5r. IOfoO.-s·---9595.2 - --sTI--s-;-i---T347~ "9 

525 ,.3 q346 . 8 3~ ~ 1.3 2716.5 2168.4 1788.5 1~65.3 1188.9 958. 2 764.7 595.1 
~ 2~ .1 229.1 148 .3 as.a 41.4 13.a o. o o. o o.~ o.o c. ~ 

c • : r • c :; • : a • r:· o • er - - -i • o - - ----u- ;;o- - o • o 'J • ::- o • " o • r 
rJ • ~ C· . ~ 0 •"" 0 • ~ - 0 .-r - ---u-;u - -----o • U - Q • ~ 

c • ') 
c • () 

88.3 
152.5 

9829.1 
-18291·3 

ti29"3~ -o 
4o\9.6 

o. o 
Q • D 

-------------------------------------------- LA~E AND DA~ INFORMATION -------------------------- ------ - ------------0 :: -' P-1 ,_. I N G 0 UT L ~ T 9 0 T T 0 M S PI l UU Y SP ILL J A Y T 0 P 0 F 0 A M T J P 0 F DA M HE I G H T 0 0 W N S TR-£ A "4 N - V A L V E C 0 E F 0 F 
POO L ~ L ~ V I~VE R T OF LAK E CR~S T CREST ~IDTH ELEVATION LENGTH OF DA M SLOP~ ON OS FLOW 

FT, MSL FT,MSL FT,MSL FT,MSL FE£ T FT,MSl FC::ET FEET OF DAM SLOPE OVE R DA~ 

5 5 2 s • . : ~ 5 4 S 6. r ~ -- I' - f " c:: 4:l ::> e l .. 5525.0 C 1 ,.., "! 
w • w 553-\. H 1424.0 38.~ lV ON l.75H • 0 3 ~ 3 . f;: 

------------------------ SUMMARY OF - FLOOD ROUTI~G3 o~ -rNFLO~ HTO~OGR~PH THROUGH TH E LAKE --------------------------
ROUTING PERCENT TOTAL MAXIMUM DEPTH o~ ESTIMATED INITIAL TOTAL VOLU Mt: MAXIl.IUM 
1'oU MB€:P Pf'IF INFLO\J LAKE LAKE OVER VELOCITIES TIM E TO TIME SPILLED DI SCHARG C:: 

I NF LOW VOLU ME: ELEVATION TOP o~ JA.H CREST - TOE OVER TOP OVER DAM OVER OA"'I FROM DAM 
HYOROGRAPH AC-FT FT,MSL FEET FPS "FP-S HOUR HOURS AC-FT CF S 

1 .. -. "' r 9 178 . 5535.95 1·51 5e69 1 s.o l 15. 2 7 4.64 2745. ~ 2 2 93 0.~ . ..... .. 
2 9CeC 82 6 (' . 5535.69 1.25 5.19 1'6.Il 15.39 4. 2 3 214 8.7 20637.l 
3 8C.C 734 2 . 5535.44 le ti 0 ...... 6 "3 - 1"4; 0 s 15.5 3 3.69 - 13 96 .l 13 3 44.l 
4 1i: . c 6 424. 5535.18 .1 o\ 3.99 lle 76 l5e7l 2.9 2 80 7. 3 16C5le3 
5 6 r 9 t 55ri7 . 55 34.86 .~2 3. 0 2 8.40 15.96 1.90 328.9 137 30. 3 
6 5 - ,. 4589. 5534.41 -.13 o.ao --u. o'.l o.oo 0 .o '.) 0 • r 11~~1.~ ' . 
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DA~ INSPECTION HYOROLOGIC ANALYSIS - SUM"ARY TABLE ~: 2 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••••••••••••••• HYOROLOGtC ANALYSIS OF .MAP' E:" l!R"Q-Vt~rsovo~-l\i.)4___ - ~ ---- - -- - ----- -
Fe~RtD~Me tNFLATEO -- r:.JJ-_~ _ \L!m___ ------ - - -- - - - - -- - - . - ---------

R k o N l IN t ON SUL TANTS INC. , - LlUJGlfORT COLORADO ~.~m·~!;· .. -~~.;·~ 
AUGUST 1579 .. ·--= ~-~ 

- -· --------- -- - -

SY~D~RS .2~c HOUR UNIT HYDROGRAPH DATA ANO PARAMETERS -- -
DURATION DA L -·LcA -- CP CT ---a? - ·rp \150 

HOURS SQ-MI MILES --"4tl.rs - - - c.F.s HOORS~OURS 
.250 10.9 ' 1.11 3·30 -: .saa . 120 2150·6 ~1-i.91 2.&o 

- - I - -
- 1i~~~S - ll'\-l-#L 

l.So 581·33 

PR OB ABLE MAX IMU"1 STORM PRECn>TflTI ON ANO ROli-O--n:-:::rur{A~~-r~s:=- - - -- - -- --
P MP RAI~ DISTRIBUTIO~rnr~rnl1'F PMP nrr- I IF°~ IUTE VOLUME IN INCHES 

I NDEX F4CTOR 6-HR 12-HR 18-HR 2•-HR INCHES INC H/HR RAIN LOSS EXCESS 
22. u C .8 0 1 99. r J ll_O_!JlO 11~.0_!__il_l.!..O...O. _ __t. 30 • 30 __ 20.62 - -~J_83 __ .l~l_2 __ -

------ - - ------------ - --- - - - _ .;-~~-,;-_..;-~~---cAKE---ntrL-011 HTIJRO-S-lfAPlfOlfOIN A TE s -- - _______ :;-_.;.-_-:_:.-_-;. __ ~:. ___ -- - - -- -- -- ---
PROB ABLE MAXIMU M FLOOD HYOROSRAPH ORDINATES IN CFS AT ~50 HOUR INTERV ALS BEGINNING AT ZE RO TIME 

J. r ~. c r . J o. ~ o. o o. Q o.o o.o o.c ~-~ o. r 
~: ~ ~ = ~ ~: ~ ~ ~~-- r~!-8- - -----;s=-:r -_- 3~-:t---~=---- 4~: ~ --- -s~: ~ ------6 ~~:~-==~~ 7·g: ~ 

97.2 135el llle9 ll8e0 .-~Z:.123e6 ' 128.CJ 1~~.8 1 38.3 142.~ 1o\6e2 lo\9e6 
l55el 249e3 367e4 577.l 855.7 1281 2 1799 9 25o\1.1 3390.5 5009.• 73• 9e8 

1236~.2 151~5.a 1s.; ~1.s 2ossl.~ fi8~¥-!1~na1:1 ---f!1ff.t-=2-r3~_,.s _ ~T59s.a- -20 ~1_1._9 - -- 1939·1.s 
174 5C. '.: 166 76. 6 1sg42. 8 1 ~959.2 .O-Olfl_.,..-;; • 1 7 • 5 '"9""585 • 2 - 8 ~~5. 1-,3~7 • 9 
5290.3 43~6.8 3481.:5 2716.5 ' ~ 2168 •• ~. 1788.9 14a_5;3 _. 1188.9 958 .2 , 76•.7 595.l 

32a.; 22:.1 148.: 0_s._0 ----~1!~ ____ JJ~_e _ _JI~'!___ c.o __ o. tJ o.o o . ~ 
I) • ·1 _ • • a o • u r . c1 o. o o • o ~ n g • Q o • o o • o o • c o. o c, . o ~. " c. J -- o.c--- -----o ~ n------0. 5- · " 

:' • I) 
.:; . ') 

88 .3 
152.S 

9829 .1 
1 8 291.3 . 

6293.o 
~•9.6 

o . ~ 
o. o 

- ------------------- -------- --- ------------~ LA~E AND DA" INFORMATION ---------------------------------------------t3::'.G IN NI NG OUTLET BOTTOM SPILLW~Y __ S_PILLWAY TOP OF D~M _ TOP OF DAM HEIGHT OOWNSTR .E AM N-VALV E co::F OF 
POOL ELEV INWERT OF LAKE CREST c~~ST WIDTH ELrYAffON - LEN GTH OF DAM SLOP~ ON OS FL OW 

FT,HSL FT,MSL FT,MSL FT,MSL - FEE:T FT;lifS-L FE::T - . FEET -- OF' DAM SL OPE O V~ R DAM 

5525.': 2 5 4 96. ,. ~J 5496.C ~ 5525. O_O _____ 70 • ~ 

------------------------ SUMMARY OF FLOUU--~OOTING5 OF 
ROUTING PERCENT TOTAL MAX IMUM DEPTH OF 
~UM BE~ P~F INFLOW LAKE LAKE OVER 

INFLCW VOLUME ELEVATIO-N ___ ·iOP OF DA M 
HYOROERAPH AC-FT FT, MSC - -- FEET 

1 l GO. "· 9178. 5536.59 2.15 
2 90 . c 826 ~ . 5536.39·- 1.95 
3 8'). Q 7342. 5536.20 - 1. 7 6 
4 10.0 6424. 5536.0l le57 
5 6C'.: 55(' 7. 5535.7 5 1·31 
6 5!'. 0 458 9. 5535.50 -- ·--1.0 6 
7 4 0 . C 3671. 5 5 3 5. 2 5 - --- • ~ 1 
8 30 .o 2753. 553 •• 96 .52 
5 2c. c 18 :56. 5533.77 -.& 7 

55 3 4. ~'-- 1424.0 38.4 lV ON le75rl 

INFLOW- ·;:f'(OROGRAPH THROUGH THE LAKE 
ESTI"ATEO INITIAL TOTAL VOLUME 
VELOCITIES TIME TO TIME SPILL::D 
CREST - 10£ ___ 0VER TOP OVER DAM OVER DAM 
FPS - Fl>S - HOUR HOURS AC-FT 

6.79 22.2~ 
6.47 21.02 
6.15 19.14 
s.so 1s.•o 
s.31 ~-57 4.78 4.59 
4.r1- - • .\o _ 
3.35 CJ.52 o. Jo ____ o__~o o 

14.95 
1s.o3 
15.13 
15. 25 
15.39 
15.58 
15 • .'3 3 
16.2• o.oo 

6.42 
6.18 
S.9J 
5.56 
s.12 
~.54 
3.65 
1.95 
o.o o 

5615.7 
4 775. (, 
3~~4.4 
3128.7 
2334.7 
1571.7 

g59.1 
248.7 

0. ') 

• ~ 3 ~' 

MAXIMUM 
DISC HARGr:: 
FROM DAM 

CF S 

22 9 42. '? 
2 06 48.~ 
18~54.3 
16 056. 9 
13758.7 
11465.6 
9172. 5 
6791.2 
4 2 C8.a 

3 • :; "J 
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DA~ INSPECTION HYDROLOGIC ANALYSIS - su""ARY TABLE 
•••••••••••••••••••••••••••• •••••••••• •••••••••••••••••••••••••••••••• ••••••••••••••••••••••••••••• •••••••••••••••••••• 

HYDROLOGIC ANALYSIS OF ru-PLE -SROVE - RE"$ERVOI~ -OAK --- -- - --- - - -- ------ ·-- ---- - -
~A~~·DAMS DEFLATED - - --- ---·--- ------

0 MOONf A!N CONSULTANTS INC. LON6"Jl11T ~OLORAOO 
AUGUST 1579 

, ... ~-·-,,....-.. ~ 

SY NOE RS 
DURATION 

HOURS 
• 2 50 

.2:'J HOUR UNIT 
DA L 

SQ-MI MILES 
10·9 ~ 1.11 

.. 
HYDROGRAPff.,_DATA ANO PARAP'ETERS u:a --- - cp--- --CT - - QP I P-- - -Y50 
~1Lrs - --c-;F-;s---RoURS- --HUUR s 

3.30 .sao .120 21so.6 1.91 2.60 

P ROBABLE MAXIMUM STORM PRECTI7I~TIVN~FF-CR.(l{A"CTERISTICS -
PMP RAIN DISTRIBUTilnrn -P"ER"CEWT- Or P"KP-- lNT.;CU-S~r-lrA TE 

IND EX FACTOR 6-HR 12-HR 18-HR 2•-HR INCHES I NCH/HR 
22. : 0 .an 99. 0 0 110. __ ~0 _ 11,..o_~ __ lJ.7.oo _ .3Q ___ .30 

\'75 UNIT YOL 
HOURS -- --.c=n----

1e50 581. 33 

VOL~E IN TNCliES 
RAIN LOSS EXCESS 

2 0 . 6 2 , _. ~ _3 __ _l ~. 7_J __ _ 

- ----- - - - - - - - - - - - --- - -- -- - - --- _---;;-;;.--;;;;-;; _--;;-;;-~--r:-.l<rl"-N"F~- RYD""RUl>RA1'R -O"RD IN AIES -- - _.;_ -- --=- -- ;. __ ---_-;..--;. __ -- ----- -- - -- - -- - - - - -
PROHABLE M~XI~ U~ FLOOD HYDROGRAPH ORDINATES IN CFS AT e250 HOUR INTERVALS BEGI NN ING AT ZERO TIME 
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21 Oct SS 

ll I'eb S7 

ll Mar S7 

17 June 63 

26 Jan 7 1 

8 Nov 7 1 

30 Oc t 72 

U May 74 

13 M c..1y 74 

10 Jun 74 

l'1 Jun '/4 

.. ,~·.;,·: : .- )',. :·· .. 

ITEM 

Lelte t- from L ane Enginee ring transm i tting "Analys i s of D~ sign 
f o r Maple Grove Reservoir Dam " to DWR . 

Let te r from Lane Engineering to DWR discussing location of 
measu ring flumes. 

T.ellet· from DWR to Lane Lngineering approving fl ume locat ion . 

l .cl tcr from DWI~ to Consolidated Mutual pointing out hazard of 
the fai lure of the small dam below Mapl e Grove . Storage in 
this s mall rese rvoir was banned unti l repairs were made and 

I 

an adequa te spil l way cons t ructed lo pass Maple Grove outflows . 

DWR Inspe ction r~eport show ing Maple Grove Dam to be in 
excelle nt repa ir. 

DW R Inspection Re port on sett! i ng pond be l o w Maple Grove Da m. 
l~ccomrne nd s rem oval ot flashhonrds and construc tion ot by-pass 

chet nnc l toc.:irry M(lple Grove f l ows . 

Lelle r from Whca trid9e to DWR expressing concern ove r proposed 
deve l opment be l ow Mar l e Grove) . 

J.ct ter lro m Se racu se - L<:iw lc r trunsmit ting d ra inage report and 
spillway data to DWR. 

Letter from DWR t o Consolidated Mutual reque sting upgrading of 
Map le Grove Spillway to pass Sta n da rd Project F l ood . U nless 
con stru ct ion comp l e t ed by sprin<J ol 1975, s torage w o=J l d be re 
str icted . 

Letter Lom DWI~ lo Seracu sc- Lawlcr po i nt ing out Maple Grove 

o.:i 111 i s a d c q u a l e bu t s p i 11 w a y i s n o t . 

/ 

U~t l cr from Consolidated Mu tu a I to DWR ack nowledging re striction 
l e tte r of 13 May 1974 sta ting that consul t ants were be i ng i nte rvie wed 
and request ing ex tension ot lS June 74 deadline for subm i ssion 
o t schedu l e . 

AppenJix E - Attachment I 
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DATE 

11/18/55 

6/29/56 

5/ 17/60 

8/6/60 

12/ 11 /70 

5/6/73 

7/2/73 

5/13/74 

6/21/74 

10/8/74 

10/ 18/74 

2/ 7 /75 

2/10/75 

8/12/75 

(
.--
.. 

CHRONOLOG I Cl\L SYtlOPS IS 
( ' 

-----------· 

MAPLE GROVE RESERVOIR & SPILLWAY 

ITEM 

State Engineer app roved plans fo r first phase of 
construction - 600 A/F storage . (Designed for 
ult imate s t orage of 1 ,000 A/F . Spillway capacity 
approximatel y 570 C. F. S. ) 

Cons tructi on comp l eted. 

State En gi nee r approved pl ans for re l ocated spillway. 
(capac i ty app roximate ly l ,1 00 C.F. S.) 

Cons t ruc t ion completed . 

62 1 A/F s t orage decree adjudi cated (Pr i ority date 
12/9/53) 
409 A/ F condi tional decree (Prio ri ty date 11/22/54) 

Majo r fl ood in Lena Gu l ch Drainage Basin (Spillway 
di scha rge app roximate l y 850 C.F . S) 

Intergovernmental Agreement on Lena Gulch Drainage 
Project execu ted by Urban Drainage & Flood Contro l 
Distr ict, Golden , Lakewood, Wheat Ridge , and Jefferson 
County . 

Sta te Eng i neer notification to enlarge sp i llway t o 
pass "Standard Project Flood". 

OMJM-Phillips-Reister authorized to design f acil i ties 
to meet State Engineer ' s requireme nts. 

Mini ma l i nf l ow for Standard Project Flood defined . 

Pre l i minary des i gn concept compl eted (fl ood eros i on 
pro tec ti on for enti re dam- not accepted) 

Cos t sha rir1 g ag reemen t between Cons ol i da t ed and Wri ght 
Mcl aughl i n Engineers to expand Lena Gulch Master 
Drai nage Pl an to i nc lude cost/benef i t analys is of the 
Map l e Grove Rese r vo ir as a water supply and f l ood 
control faci li t y. 

State Engi nee r author ized add it iona l t ime to include 
Lena Gu l ch channel improvements i n fina l spil l way 
des i gn consi de rat ions . 

LENA GULCH MASTER DRAINAGE PLAN publ ished (Alte rnate 
#3 recorrmended : Lena Gulch Improvements With Master 
Pl u.n Ch<1nne 1 \~i th Map 1 e Gro·1 r. Rcservoi r Maintained as 
a Water Supply; Annua l f l ood reduction cos t s of 
$4 19 , 500 with most economic Lena Gulch channe l des i gn 
cos ts . ) 

Appc nrlix E - Attachme nt 1 
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Chronol ogic~ l Synop ~is - Maple Grove Rese rvoir~ Sp i llway - Page - 2 -

D~.TE 

l 0/9/75 

11 / 19/75 

12/8/75 

l /22/76 

2/19/76 

4/29/76 

4/30/76 

7/14/76 

7/15/76 

8/27/76 

10/14/76 

l 2/2 1/7G 

l /25/77 

2/ 18/77 

8/10/77 

ITE~ 

Publ ic meeting call ed by Jefferson County Comm is s i one rs 
to re view sta tus of Lena Gulch Drainage Project and 
Spil l way improvements (Pre li minary variable crest spill 
way des ign presented). 

Sta t e Eng inee r tentatively approved variable crest 
design. 

State Enginee r appro ved In fl a tab 1 e "FABRIDAW' concept. 

Second publi c meeti ng cal l ed by Jefferson Coun ty 
Corm1isioners to revi ew progress of sp il lway des ign 
(Fabridam concept presented in detail - concept 
approved by al l present, subject to fo nna l ac tion by 
the respective Boards and Counci l s) . 

Fina l hydrau li c des i gn of spil lway i mprovements com
pleted ( includi ng two Fabridams). 

Third public meetin g ca l led by Je fferson County 
Corrmi ssioners to review progress of sp i llway des i gn 
and various approvals ( Fi na l design presented and 
concurred in). 

Fonnal app l icati on to Jefferson County to issue 
Industrial Development Revenue Bonds , primarily t o 
finance sp illway improvements . 

Intergovernmental Cost Sharing Agreement on sp illway 
improvements executed by Urban Dra inage & Flood Control 
District, Wheat Ridge , Lakewood, and Jefferson County. 

Industrial Development Revenue Bond Financing 
Agreement executed by Jefferson County and Consol idated . 

Cost Sharing Agreement on street improvements across 
t he Maple Grove Dam executed ~Y Lakewood and Consol idated . 

State Eng i neer approved fina l spillway desi gn, inc lu ding 
dual Fabridam concept. 

Industri al Development Revenue Bond Issue completed. 

State Engineer approved final plans for Fabridams 
and control systems.' 

Specia l meet ing to revi ew more economica l al ternatives 
to spi llway improvements (Attended by rep resentatives of 
Urban Drainage & Flood Control District , the State Eng ineer' s 
Off i ce , N. M. Imbertson & Associa t es , DMJM Philli ps-Rei ster , 
an d Consol i dated. All alternatives rejected - fin al des i gn 
of spillway, Fabri dams , and contro l systems reconfi nned . 

Construct i on compl eted. 
Ap pendix E - AttLJ c hme nt 
Sheet 3 
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; hn D. vanderhoof 

( 
C . J. nrIPER 
S tale Knqi.aee r Gov.?rnor 

DIVI S IO N O F" WATER RESOURCES 
De portment of Natura l Resourc es 

300 Columbi ne Buildi.ng 
1845 She rman Street 

Denver, Co lorado 80203 

May 13, 1974 

Consolida ted Mutual Water Co. 
10075 West Colfax Avenue 
Denver, CO 

Re: Maple Grove Reservoir C - C757 - A 
W . Div. 1 W. Dis t. 7 

Gentlemen: 

Recent reviews of the Maple Grove Res ervoir Dam and the flood plain 
below th e dam have shown the need for greater spillwa y c a pacity at 
this site. 

In view of the :fDdpulation downstream and probable loss of l ife with 
the occurrence of a major storm even t , a spillway capable of pass 
ing the ~andard_ pr?je~t_g?9? must be des igned a nd constructed at 
this dam . In order to facilitate the work and assure public safety, 
we are ~quiring_ that you submit to this offi ce by June 15, 19 7 4, a 
schedule for the engineering and construction work. 

If you wish to continue to use the full storage capacity of this reser
voir, the new spillw()y must be cons tructed prior to the 19 75 runoff 
season. 

Members of this office will be available to discuss these re~_ire m~nts 

with you or your representatives. If you have any questions, kindly 
contact the Dams and Res ervoir Sec tion of this office. 

CJK:JTS:cat 

cc: W . G. Wilkinson 
Arlyn C. Davison 

Very truly yours, 

Append i x E - Attachmen t IA 
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~·. . ( PLANNING · ARCHITECTUPf · ENG1t - -q1NG · SYSTEMS · ECONOMICS 5.MJM 

Dlv1J M - PH I LU PS · REISTER 

Mr. Glen E. Whitten 
Vice Pres i den t 
Consolidated Mutual Water Company 
10075 West Colfax Avenue 
Lakewood , Co l orado 80215 

Dear Mr . Whitten: 

June 7, 1976 

ORLEY 0. PHILLIPS 

FLOYD M. REISTER 

!."!~. n;•n'i:;i :-. : . , 7 '. ; ' 
.•••• J .. "" 

·, •: ... ·.· "'·'"""' .,, 1:1 i:_;] . }l\ ; 
., -f 'f'-" '!?ff9.j i;\ ., 1.1 ~' -:. :-. ' . 
~ --. ~ )~ .~· ·. 

... ~· .--:f. ···~ ...... ~~ .. ,..-u.,. 

This letter repor t wil l present an updating of the February 19 , 1976 

l etter for the design of the new spillway for Map le Grove Dam and Reservoir , 

which wi ll pas s the Corps of Eng ineers Standard Project Flood for Lena 

Gulch above the Reservoir. 

I . INTRODUCTION 

Described herein are specifics relating to the hydraulic de sign 

of the spil lway fo r Maple Grove Reservoir to pass t he Corps of Engineers 

Standa rd Projec t Flood and also provide a max i mum benefi t for storage 

and f l ood peak reduction for floods in t he 0-100 year frequency range . 

The resu l t i ng flood control benefit of the dam and reservo i r for the 

areas below the dam has been determi ned to be optima l considering the 

imposed requiremen ts for the structure : (1) to pass the Standard Flood 

Project; (2) the phys i ca l constrai nts and l imitations on spil lway size; 

and (3) cost . The present design provides for a maximum flood contro l 

benefit wi t hin the restricti ons imposed on the sp illway design . 

I I. GENERAL DESCRIPTION 

The des ign of the ogee type spillway is shown on the ac companying 

Fig ures 1 and 2. The spillway is a chute type concrete spillway with 

a modified ogee type crest with suppressed overflow hav i ng a cl ear 

opening of 70 f ee t in width and a minimum of 12. 75 feet from the cres t 

elevation of 5520 . 0 to the bottom of the bridge pass i ng ov2r the spi ll

way. Instal l ed on the crest and illustrated on Fi gure 2, are two 

inflatabl e (fabridam) dams as fo ll ows : 

DENVER OIV!S!ON ·DANIEL. MANN. JOHNSON. & MENDENHALL 

Append ix E - At t ac hme nt 2 
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Consolidated Mutual Water Company 
Att n: Mr. Gl en E. Wh i tten 

June 7, 1976 
Page 2 

1. A 6 ' x30 ' Fabr i dam . When fully inf l ated results in a crest elevation 

of 5526 .0. (Normal inflation will be 5 fee t gi ving a crest elevation 

of 5525 .0). 

2. A 10' x40 1 Fabridam . When fully inflated results in a crest elevation 

of 55 30 .0. 

A bri dge pier 30 ' from the east wall will serve to prov ide end 

support for the fabrida rns and al so support the bridge over the 

spil l way. 

I t i s inte11ded that the fa bri dams will rema in infl ated during 

the occurrence of a f l ood of a fre quency of 1% or greater (0 to 

100 yea r frequency flood s . ) When the water leve l in the res ervoir 

rises to an elevat i on of 5531.0 and conti nues to r i se, the darns 

would begin to defl ate at a rate such tha t they would completely 

collapse in about one hour. The ti me base of the SPF inflow design 

flood is such that a one hour de f l at i on time is adequate for 

extreme flood cond i tions . However, the exact fin al operat i onal 

procedure ha s not been es t abli shed at the present ti me . 

The mi ni mum el evation of the underside of the new 27th Avenue 

bridge , which wi ll pass over t he spil l way , wil l be 5532.75 (max imum 

of 5533 .50) . This will gi ve a mi nimum of 12. 75 f ee t of clearance 

over the cres t of the spi l l way (elevati on = 5520 .0) wh en the fabri 

dams are con1p l ete l y deflated which provides sufficient area to pass 

the Standa rd Project Flood without ca using any overt opp i ng of the 

dam embankment ( t aking i nto cons ideration the drawdown from the 

reservo ir to the sp i l lway crest) . The maximum water su rface 

el evat i on i n the reservoir during the occ urrence of a Standard 

Project Flood in Lena Gulch will be 5534.9 . The dam embankment 

will be raised to a minimum 5535.0, th us provi ding a l it t le 

f reeboard dur i ng t he occur rence of t he SPF inflow design fl ood . 

Appendix E - Attachme nt 2 
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Consolidated Mutua l Water Crnnpany 
Attn: Mr. Glen E. Whitten 

June 7 , 1976 
Page 3 

The dam and surrounding area on t he inlet side of t he 

sp i llway will be m'odifi ed t o prov i de for a smooth t ransit i on 

f rom the reservoir to the spil l way for proper hydrau li c flow 

cha racteri st i cs. A portion of the Rocky Mountain Di t ch nea r t he 

spil l way will be repl aced with a buried concrete pi pe, wh i ch is 

necessary to facili tate the spill way in l et modificat i ons and to 

ma i nta i n an access road around the reservoir . 

The hydraul i c design of the spi l lway crest profi le, chute , 

and sti l ling bas i n i s shown on Fi gures 1 and 2 . 

III. HYDRAULIC AND HYDROLOGIC DESIGN DETAILS 

A. Spil l way Hydrau l ic Characteristics 

Enc l osed are four figures relati ng t o t he passage of flood 

waters through the reservoir and spillway for various conditions . 

Figure 3 presents the area - capacity curve fo r Maple Grove Reservoir . 

Fi gure 4 presents the water surface el evat i on vs. discharge curve 

for the spillway . Shown as the solid line is t he discharge curve 
with the fabridams deflated. The da shed l i ne i s the discharge curve 

wh en the fabridams remain inflated. The zone be tween these two 

curves represents the water surface elevati on vs . discharge relation

sh i ps that are po ss i bl e depending on t he specified type of 

inflatable dam operation. 

To achieve optimal flood stora ge benef i ts for floods in the 

0-100 year frequency range , the fabrida ~s wou l d remain inflated 

until the water surface in the reservoir reached 5531.0 during the 

occurrence of a flood . When the water surface reaches this elevation 

t hen the fabridams would beg in defl ati ng and continue until 

completely de flated as long as the wJ t er sur face eleva t i on continu ed 

/\p pcnd ix E - At tachmen t 2 
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Attn: Mr. Gl en E. Whitten 
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Page 4 

rising. If the water surface elevation in the reservoir began 

dropping after the dams had deflated to some level, then the fabr i

dams would cease deflating and begin inflating, continuing until 

comp l etely inflated as l ong as the water surface elevation continued 

to drop . The dott ed line in Figure 4 represents the assumed stage

discharge re l ation when the fabr i dams are deflating for the occurrence 

of a Standard Project Flood. Th is information was used in the routing 

of the Standard Project Flood through the Reservo ir. 

The stage-discharge curve for flow over the fabridams i n the 

fully infl ated mode \'las determined using variable-with-head discharge 

coefficients obta ined from model studies . The stage-di scharge 

curve fo r flow over the spi llway cres t with the fabridams deflated 

was detennined usi ng discharge coefficients obtained from model 

and prototype spillway tests performed by the Bureau of Rec l amation. 

The spillway crest profile shown in Figure 2 is very similar to the 

Bartlett Dam spillway tested by the Bu reau of Reclamation . The 

discharge coefficients vary between 3.02 at a head of 1.0 feet 

(W.S. elevat i on in reservoir= 5521 .0) to 3.45 for the sp illway 

design head of 15 feet. (W.S . elevation= 5535 .0.) 

Figures 5 and 6 illustrate th e 100-year and Standard Project 

infl ow desig n flood hydrographs for Maple Grove Reservoir . The 

figures also illustrate the routed outflow through the spi llway . 

The peak flow data into and out of the r eservoir are tabulated 

below: 

Flood 

100-Year 
SPF 

Maximum Infl ow 

3820 cf s 
13950 cf s 

MJx imum Out fl m-1 

1725 cfs 
13780 cfs 

Maximum 
Water Surface 

5530 .70 
5534.90 

Append i x E - Att ac hment 2 
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Figure 5 ill ustrates the flood contro l benefit of Maple Grove 

Reservoir as a f l ood contro l facility for the 100-year flood , with 

t he sp illway and fa bridam configura ti on as had been descr i bed. The 

100-yea r i nfl ow flood peak of 3820 cfs is r educed to an outflow 

of 1715 cfs in passing through the reservoi r. This outflow compares 

very favor ably wi th t he 1500 cfs peak flov1 wh i ch was used in the 

Lena Gulch Study performed for Urban Drainage District . 

The freeboard for norma l reservoir operation wi l l be 10 .0 feet . 

During the passage of a 100-year floo d the freeboard will be about 

4. 3 feet and th is wi l l drop to about 0 . 1 foot during t he passage 

of a Standard Project Flood . Th i s amount of freeboard.for the various 

conditions res ults in acceptabl e fac t ors of safety f rom the stand 

po i nt of dam overt opping . 

B. Spillway Chute and Stilling Basin 

The chute i s designed to carry the Standard Project Flood 

wi thout any overtopping of the concrete walls . The depth of flow 

in the chute varies from 10.6 feet near the top of the chute to a 

minimum of abou t 3. 7 feet before entering the sti ll ing basin for a 

flow of 13 , 780 cfs . 

The design of the stilling basin shown on th e figure s was 

based on the Bureau of Reclamation's criteria for the desig n of 

Type III Hydraul i c jump basins and was s ized for a flow of 80 cfs/ 

ft . of stilling basin ~idth . This gives a total flow of 5600 cfs 

throu gh the basin . It was detern1ined that the design of a hydraulic 

jump sti ll ing basin for a flow of 13 ,780 cfs (SPF) would requ i re 

excessively high walls and the stilling action would not accomplish 

Append i x E - Att~chmcn t 2 
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much as the natural s l ope of the channe l i mmediately downstream 

of t he sti l ling basin is greater than the critical slope and 

supercritical vel ocities will occu r i n th is area no matte r what 

i s done in the stilling basin. In discussing th i s wi th personnel 

in the State Engineer ' s office, t hey indicated that this des i gn 

concept would be acceptabl e as lon g as the base of the dam was not 

affected and/or it was satisfactoril y protected from the under 

mining wi t h flood waters for the SPF. 

The stilling bas in is so sized that an hyd raul i c jump wi l l 

occur in the bas in fo r any flow of 5600 cfs or lowe r. For la rger 

flows, t he jump will not occur unti l reaching the wash water was te 

pond downstream. Thi s is completely free of the structure, but 

to protect the spi l l way , chute, and st illing basin f rom eros ion 

t ak ing pl ace underneath and near the structure , sheet piling wi l l 

be insta ll ed at the end of the stilling basin . Also, r i prap will 

be used to line the channe l be l ow the st il l i ng basin to protect 

i t from erosion caused by a 100-year flood or le ss. 

IV . CONC LU SION AND SUMMARY 

The fin al hydrau lic design inco r porates the fo llowing: 

1. Remova l of ex i sting sp ill way . 

2 . Construct i on of 72 foot wide (spill way crest wi dths of 30 feet 

and 40 f ee t ur,de r the br idge) concrete spil l way with varying wa ll 

he i gh ts for the crest, chute and sti l ling bas i n. 
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3. Installation of two fabridams to control the normal s torage 

le ve l and to control the downstream flow during fl ood ing peri ods. 

A 6'x30' fabridam and a 10'x40' fa bridam separated by t he 2 foot 

wide bridge pier. 

4. Raising of the t op of t he dam to eleva tion of at l east 5535 .0 except 

over the spil l way whi ch will be rai sed higher due to t he bridge . 

5. Installation of a bridge over the sp il lway wi th t he bot t om of the 

bridge at a mini mum elevation of 5532.75 . 

6 . Reconstruction of 27th Avenue over the Dam . 

7. Converting a portion of the Rocky Mountain Ditch to closed conduit 

fl ow . 

8 . Miscellaneous recontour ing of the inlet to the spillway and the 

out l et of the st il l ing basin and th e placemen t of requ ired riprap . 

This letter report has summarized the fina l hydraulic design of the 

sp illway for Maple Grove Reservoir and Dam . This i s for your information 

and files . We are presently proceed ing with the fi nal structural and related 

des igns and fabridam design and operat ional procedures at the presen t ti me . 

KAM: w 

cc: C. J . Kuiper , State Engineer 
Scott Tucker - UO FCO 

Very t ruly yours , 

OMJM - PH ILL IPS · RE ISTER , INC . 

/1//J,') ,' /(l/t! ;l~:t;r~ 
Kenneth A. Mangelson , P. E. 
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Stan dard Project Flood (SPF ) 
Routed Through 

Map le Grove Reservoir 
With 6'x30 ' And lO'x40' Fabri dams 
(Both Fabridams start deflating 
when W.S. Elevation Reaches 
5531. 0 and take about one hou r). 

"' 
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/FOR Il1J'!EDI/\TE RELE/\SE ..JUtcc. ,_ 2u-. l...,,.,., .. . __ _ 

MAPLE GlWVl':/ LE:~ i\ GULCH/ \/. 27th AVJ·:. Il!PROVnn·:l./T PP-OJECT 

The opcn inr, of W. 27th Ave . , from Younr,ficl c! Stree t across the Maple 

Grove Ihm , on July 1, 1977, signo. l s the near comrJ ct ion of a m~jcrC~rovcm~ 

~vroj..(.:ot lie::lnr, .:iccompli:~hccl tlirouf.h the cooperat ive efforts of several Loc<:1l 

Government Ent:lt:ics nncl The Consolidated Hutual Hater Cofl\pany, a private 

compnny . 

The ~aple R Grove Reservoir, constructed in the l ate 1950/ s, is a major 

conponcc1t: of the Cornp.:iny 1 s wnter stora~e and treatment facilitjcs currently 

providing dome~tic ~ntcr service to o. populous of ~ 5, 000 in portions of 

No1·tl11n~sL l.al~c\,•ood , 1\ ppJ e\·!OOu, \.J.i.dc /•.c re f'., J'Jcn:.;in t Vici .. ·, and S i xth Avenue 

\..
1est . 

The principal fcntur c~; of Lhc project jnclucl c a new spillway on the cas t 

end of the dmn, n 5 ' rn:i se i n t.hc cl<irn cmbnnkmcn t, a ne~ .. , bridf;e and r.iaj or 

s treet improvemcnu:; o.cross the dm:1, and infl nt<iblc 11To'abridams 1
' designed to 

au t omatically control the flow of water under varying flood conditions. 

The new sp :i llwny, in conj unction \dth the incrca~ed flood routinr, capacity 

of the reservoir r csultJne from t:hc lii r, licr dn1:1 , Js dcsi.r,ncd to~ carry approx'!

maLJilJ,y_ J:i1 ,, 00_0 cubic feet of water -per -s~cond '} This r.atc of flow Hc'.lS establish

ed by the Colorado SL<ite Engineer <is necessary to protecL the sa f ety of the 

da111 und er mGx:ir:ium ant:ic :i pntcd flood conditions for the Lena Gulch drainap,e 

bnsin. 

/\unique .feature of the: project h; t.1·:0 infL:it.:il> l c ''Pnhriddms ' (one t' 

hir,h · ol~y 30' long, ancl one' 10' hir:;h by L10' lonr,) MHl n ~:o?liist icatcd control 

rnorc -

-··----------
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I 
UrLnn Dr ainage an<l Flood Con t ro l District, Rn<l is designed to 

Di ::;rric t ' ::; ;.;~i:·;t: c r J> lnn for do1Jn::;tr e .:in1 chann el :l.rn prov e 1:ients to the Lena Gulch 

Drain;ir,e System . 

'l'li c ll Ci! sp:Lll·.1.'.\y des:l.gn .:rnd the r<J :lsin~ of the d nm rc<1uirct.! the ln!;tallation 

of n bridge a nd the rc11u.i.. l<l i n g 'of \L 27th Av e . across the clam . In cooperation 

with the City of L.:::d:e1.:oocl, ex tcni;ive strC'.Ct improvemen ts Herc incorpor.'.lt e d 

in tl1c project, including curb and e utt e r, drainage , ~unr<l rails, chain link 

fcncinn, str c2 t l ighting, and a 7' s i<lc~nlk. 

The tota l cost of the projec t upon completion is csti~a t ed at n early 

$800 , 000. As a result o: a series of coopera tive agr eements, Tlte Urban Drainage 

nnd Flood Control Dis trict, tlic Cities of Lnkcw·ood and \.'heat Ridge, and 

J e ff e rson County , nre jointly financing the added cost of special flood 

control fea t ures , and The City of L.-:ikeh1ood is fjn <1nci.nr, .1 major portion of 

the s tre e t ir.1pro v erncnts. 

The estirnn t c<l net cost of the project to the Company is $640,000 , whic l1 

t or.e the r \.;Jth other n eeded itn\irovc mC'nt s to the Corn!)<lny '[; water system , requir -

C'cl :Hldi tional Jo111~ -·tcn1 f:ln.:i nci.nr. . Tl n:our,h the coop('r<1t :lve e fforts of the 

J c[ fer son Coun t.:y Ccm1:i:i.~;s:i.oncr:; , f avora\JJ.c f in<1 nc in& 1Jn s .:ic.complishcd . In 

JJcccmbcr 1 976 , the County if;Sucd $1 , 300 , 000 of U tY: exempt Industdal Develop-

111.c nt EC!vcnuc J»o nds und e r the provision;. of the Co.l.or<1(lo Coun ty ancl ~!unicipnlity 

Lconorn .i.c Jkvc loprnc'.nt J:cve:nuc Ho11ci /\ct . The entire bond j ~_;su e \.-'.'.IS so l d t o 

I>oc~tcher C: CompDny , Investment Eal\Lers, at e>:ccp tion;:iJ.ly favorahl e interest 

r:it e:; of (1 1 ~ /'. and (1-S/8~1~. Jcffcr[;on B;ink <i nd Trust of L.:il:cwootl 1·:.:is a ppointed 

ns Bond Trus t ee for t: hc .is~; u c . 

It.: no1" appci1rs tltnt it n~ay he necessa1:y to t e riporrtriJy c l ose\..' . 27th 

rno re ·· 

• • d 

:i:::,~' 
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" 'J·" .. >\'?o•" .. ~' I•,: ' "'""'~~:t".-.11!~, ~~. - • 
1\v12 . U[~ain during the \Wek o f Ju l y 18th, to accor:1modntc the finnl phasci~ 

of the project. Every effor t \vill be mnde to k e ep the inconvenience t o the 

pub l ic nt n m:ln:imum dud.n r, t: h :LH t c1npor:n·y clo!dlll'.· 

For further j n[onn;it:f.on, c:nll Vi rej l L. H:!.11 - ?.38-.. 011 ) 1. 
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DRAFT - Su gge sted rcspon;,c for Govcrri.s>Il·~~ 

Prepa red by 13111 Matte rn - Deputy St at e r:nqlncrr 

' Ja mes L. G il be rt 
Attorney a nd C ounse l o r at Lnw 
7903 Ra l ston Road 
J\rva d a , CO . 0000 2 

Dear M r . Gilbert : 

.- . ') ,,,, / ,'r· t ! ' ) I 

( -Ii·/ · / 
f ,( I) 

(' 

I \ __,) 

I n rcsµonsc Lo your te lle r uf Mdy l fJ , l '.J/~l r<~(jflrdlng I.encl D.11cli ancl Ma ple 
Gro ve Reservo i r, I will s11pp ly the fol l ow\11q tnrn1111 i ll on a r; tu 1·hc proccclu1cs tha t 
have taken p l ace i n <111 t'florl l o a l lcvi.itc futu re 11rn li l crns . 

I be li e ve you '"·0 <1vvc1rc t ha t tlH; !ndlknl t 11.it o ccu rrc!c.L.MarohD , wc1s a n 
apparent ia"'ct-Of- vandn li s~11 one! the fo l lowln ~1 s t< ·J>:: hflvc hr~cn t<1kcn to a l leviate 
the reoccurrence of such <ln uct tc:ik ing place i n the future . 

Aft e r repair w o rk wos madlJ lo t he r"brl--JJilm l n th e ~;pillway uf Map le Grove 
Rese r vo ir ·a changeoyer was. made from U$ifn() i:l"f r'i n the' rabrt-Dnm1 t O-us'ing'walar . 

Th i s was accomplished o n /\pril 2. ln add!llon, on-sittj survoillandc by thu f;er

sonncl of Conso l !daU•d tv1ulu<il \Vetter Comp<1ny h ,1c:co1npl lslicd Cll lie:llf hour 
in tervals , '24 h o urs n rlAy , AevP"n driys ~1 wrrlk . Till!; i !.i not clo1w un cl roullllc 

f ixed sched u fo whereby t he se on-s ite survcl l J;rnc0 tn ~:; pcction:. would not es ta blis h 
a pa tt e rn wh ic h an yo1w could fo l low . /\notlwr pl1MiC' I!.> the [W<:u rll y lightinv . Thi s 

l i ghting system has been Ins talled and in opC' r<ltiun since Ma rcl1 27 . In addition , 
a <low_press ure ·monitor and a larm system has been put i.nto operMt~)n which activates 
a visua l .a nd.a\ 1d i o a l ert 111 the t r eatment pli!nl i'l11yt l mc the prr~;!;urc make-up system 
in the Fabri -Dam operates for lonC)e r thnn twt) rn•inutes . Thi~.; sy!;tcm was installed 

ibnd- has ~been in operntlon since June ,, . · _. 

Additional scet11lt y 111cc-rns whicl1 i s lnkf11q pl;1cc U; tlic tn~ffilfaffon of-ad.._ 

pit 1onal security fe nces which are currently boinq insta lled . /\ vMirrnc c hd s been --
applied for with the l'ity of Lukcwc)od to nllow !or cl br.l rlJcd win! ove rhan g c\l iovc 
the fenced enc l osure . /\llc .~ rna tlv e!_; for suppl yinq of cnH'r(Jcncy p• )wc; r arc ;-)lsu 
be ing wor ked on u t tltl:i Ll111(' <incl i1l till: ; rl ll11• h <1v1' nnt' born fl11.i llzcd . I'utum 
precautiona ry meCl~llll'l' S cl rl' hP\nq Wl)r\.(' cl (>ll ;)[ liil'.i ll1nc ar; proposer! by the 

company ' s cngincC'rs i1lld .'l (use· p l u <J Ly p<' s tnwlurc wo 11 ld he 11Lllizc~cJ in lim1 of 
the bulkhcud CJute s . Tilt: pu1posl' cf thi s i '.; to c1! ; '.;11 rc lhot ony 11n!ntcntlor1c1l deflat ion 
of t he Fabrl -DL1rn w ou ld 1c)(' ,=1!;c 011ly tht1l v .c1 l1 ' 1 :;l<) IC ~ cl l ;c'lwc:c11 l11< ~ [11'.;c pl11 c1s ancl 
t he Fabr i-Dam . Th is wuu ld lio ii qu<rntity l)f le·~ ;:; tl1 .rn 1/ 10 of C1ll i1C1e foot . These 
pl a n s a re tc11 t<1tive l y u pprnvc!d a 11d the c o1i:;t111r ; tl1,1i dcti'l i ls, i11 c l11rl ln rJ mritcrla l 
spec lfl calions , wil l lil' ! .ttlmlill c·d l l) Lill' ()ffl<'c c)r tl1r~ Slfllc J:nq l 111 •. r for 1<.:vluw 

a n d fina l approva l. 
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Page 2 - Draft response for Gove rnor La mm 

I also w i s h t o point out at this t ime that for many yea rs pr ior to the present 

time, recommendations have been made th1 0t1<.1h I li e Stotc T:nglnecr ' s Divi s i o n of 

Water Resource s for tho count y to prohihlt co n~;truc tlon find encroachment along 
Lena Gulch, due to the foct that th i s i s what u l wr1ys hus ucen a na tural Wdter 

course . N eedle ss to say, the county cornrnlsslon crs , o r those i n the posit i on t o 

contro l this situation, have not take n many str~ ps to prohibit such encroachment and 
I 

it appea r s that t he progress now be ing madn throu<Jh the U rban J'lood Control 
D i strict will undoubted ly prov e t o be expensive, !Jut this is the on ly alternative 
approach that it appears c an be t aken at this tinw. 

I hope th i s serves as an <:1nswcr t o tl1o:;c c o ncerns that you a nd the peopl e 
you represent w il l have ill the future . If f Cdll l o<: of f11turn a ~; ~; j ~; t a nr:: c p !Ci1Sl! 
con ta ct my office . 

Vc 1y t ruly '/ (H1rs , 

I \i c I. i I l cl I ) . 1.. ll 1lIt1 

(;uvcn1\1 r 
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\·lhen water l eve l 
in the reservoir . 
rises to el evation : 

5525 

5525+ 

5526 

5527.09 

5530 . 65 

5530 . 70 

5530.75 

5530 .80 

5530 .85 

5530.90 

5530 . 95 

MAP LE GROVE RFSERVOIR SPILLWAY 

FAB RIDJ\M DEFLATIOii__SEQUENCE ..Ql!B_[ NG A FLOOO ,.JUL 9 1979 

Normal maximum water storage el evation . 

Sli ght spi ll age takes place .thru fo l ds of 6 ' Fabri dam at abutments . 

Nominal crest elevati on of 6' Fabriclam . Above this el evation water 
will be spi lli ng ove r the f ull width of the 6' Fabridam. 

Control system .automatically i ncreases the i nternal pressure in 
both 6 ' & 10' Fabr i dams to compensa t e for deformation of the 
Fabr idams due to the increased upstream water pressure . Increased 
in terna l pressure will be ma i ntained until either (a) the Fabridam 
deflates to pass a flood in excess of the 100 year flo od , or (b) 
the lake level recedes belo0 5526 .67 . 

Water is begi nni ng to spill over the 10' Fabri dam . Discharge thru 
sp illway= 1700 cfs . The 1" water release val ve from the 6 ' 
Fabri dam opens and the 6 ' Fabridam slowly beg ins to deflate . (On 
";.ti nter" setting this step does not occur) . Air and water supply 
va l ves to both Fabridams are de -activated . 

2" \vater re l ease valve (summer) or 1/2" air rel ease valve (1·tinter) 
from 6' Fabridam ope ns; 6' Fabr i dam is now deflating faster. 

4" water release valve (summer) or 1" air releas e val ve (1·1inter) 
from 6' Fabr i dam opens ; 6 ' Fabridam is now de f lating much faster. 
Al so , 1/2" air release valve from 10 ' Fabridam opens; 10' Fa bri dam 
begins to deflate slowl y . 

l " air release va.lve from 10 ' Fabridam opens; 10' Fabridam deflates 
faster . (On "winter" setting , the next three steps do not occur) . 

l" v,•ater release valve from 10 ' Fabridam opens (summer) . 
10' Fabridam is deflating faster . 

2" water release valve from 10' Fabr i dam oper. : (sum;ner); 
10 ' Fabr i dam is def l at ing faster. 

6" v:a ter r el ease va l ve from 10' Fa br i dam opens (summer); 
10 ' Fabridam is now deflating at maximum speed . 

If the reservoir stops ri sing nothing wi ll change until the water begins to recede 
. if a Fabridam is in the process of deflating slowly it will continue to do so 

unti l the reservo ir level begins to fall. 

In "s ummer" opera ti on t he 6 1 Fabr i darn is fill ed v1ith wate r; the 10' Fabridam 
2pproxiniate ly half \vJtcr, half air. In "winter" operation both are f ill ed only with air. 
Seasona l changeovers arc mbde manually. 

The Fabridams will not re- i nflate · unti l the re servoir level fal ls below el evation 
5530.00 as follows. 
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As reservoir 
l c v~l drops 
be low elevation: 

5530 . 95 

5530 . 90 

5530.85 

5530. 80 

5530.75 

5530.70 

5530 .65 

5530.00 

5526 .67 

5526+ 

5525+ 

FABRIOAM RE-I NFU\TI Otl SEQUEfiCE JUL . 9 1979 

6" wate r rel ease valve from 10 ' Fabrida 111 cl oses (Summe r); 
both Fabri dams ai·e still defl ated. On 11 'i'1inter sett ing 
this and the next two steps do not occur. 

2" \'la te r rel ease valve from 10' Fabri dilm closes (summer) . 

l" wat er re l ea se valve from 10' Fabridam closes (summer) ; 
both Fabri dams are sti ll deflated. 

1" air rel ease valve from 10' Fabri dam closes. 

1/2 " air rele::i.se va l ve from 10 ' Fabr idam closes; 10 ' Fabridam is 
ready for re- inflation, but will not ·automatfca lly re -i nflate. 

4" wate r release va l ve (summer) or l" air release valve (winter ) 
from 6 ' Fabridam cl oses ; 6 ' Fabri dam is still deflated. 

2" wcte r releas e valve (summer) or 1/2" air rel ease va l ve (win ter) 
from 6' Fa br idam closes . 

l" wate r re l ease valve (s ummer ) from 6 ' Fabridam cl oses; the 6' 
Fabri dan1 is now r eady for in flation. Air and water suppl y valves 
for both Fabridams are react ivated , rea dy for norma l automat i c operation . 

Both Fabridams begin to re-infl ate . When f ull y inflated, water 
stops sp illing over 10' Fabridam; water is stil l sp illing over 
the re-inflated 6' Fab r id am . 

The contro l system automat i ca lly decreases the internal pressure 
in both Fabri dams ba ck to normal . 

Wate r stops spi ll i ng ove r cres t of re-infl ated 6' Fabri dam . 

Spill asie thru fo l ds at abutment s of 6 ' Fu br idam ceases . 

As a sa fe gua rd, in case of a powe r failure or fai l ure of t he contro l system , 
the fo ll owing wou ld take place as the re se rvo ir level ris es : 

Under summe r ope rating mode , when the interna l water pressure in the Fabri dam 
exc eeds the el evat ion of th e si phonic press ure relief, the Fabridam wi l l automa tically 
def l ate . If the si pho n breaker va l ve (at the top of the inverted U s i phon) i s closed , 
t he Fabridam wi ll defl ate compl ete ly without stopping . If the siphon breaker val ve 
is open , the Fabri dam will deflate at~ slower rate and wi ll cease to defl at e if the 
l ake l evel recedes before the Fabri dam i s compl ete ly deflated. 

Under winter ope rating mode , if the internal ai r pressure exceeds the head due 
to the water depth i n the blowof f tank, the Fabri dam wi l l automat icall y de fl ate . 
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