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Floodwater Lessons Learned: Creede, CO

1. Course Overview

This course satisfies 1-hours of engineering continuing education requirement for Professional
Engineer license renewal.

One thing common to all engineering disciplines is protection against flooding. Our systems
need to work when it rains.

This course in the Creede, CO project is intended to encourage the engineer to consider the big-
picture result of field performance of many projects over many decades.
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The engineer’s duty is to make things work. Following instructions, complying with the law, and
using current best practices are usually good enough for the present. But the engineer’s task to
make things work in the future. This requires making projections about future conditions and
use. While engineers prefer hard facts, we are sometimes forced to work with “soft data” that
require evaluating many possible options. Understanding project histories helps aid our
judgement.

When | headed the Albuquerque District’s Inspection of Completed Works (one of three major
programs | had as Chief of Emergency Management for a dozen years), | noticed the same
design/construction errors being repeated. The US Army’s version of Total Quality Management
(TQM) was Total Army Quality (TAQ). Under TAQ, the process of continuous improvement
was building, feedback, and improved building.

The problem was a lack of feedback because flood control structures may sit for decades without
being tested by significant flooding. | strove to compensate for this lack of immediate feedback
by having studies made of the histories of over one hundred projects constructed by the
Albuquerque District Corps of Engineers since 1948. | selected Professor Richard J. Heggen, a
hydrology/hydraulics teacher at UNM, to write many of these, including Creede CO Lessons
Learned. His interesting and entertaining lecture style is reflected in his writing.

2. Learning Objectives

Upon successful completion of this course, the participants will be able to:

Recognize many defects in existing flood control structures.

Review plans to avoid those defects.

Consider how the life of flood control structures may impact current engineering systems.
Inspect flood control projects.

3. Summary

In this course, we examined key features of flood control and bank protection projects that worked
over time and a number of those that faced challenges during their long life. Suggestions for
improvement were made for many of the problems encountered.

Reference Creede, CO Lessons Learned by Professor Richard J. Heggen
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Creede, CO,
Lessons Learned

June 12, 1998
The Project

Title: Willow Creak Channel Improvements, Creede, CO
Contract; DA-Z29-005 eng-301
W-29-005 eng-T51
Sponsor; City of Creede
Stream; Willow Cresk
Treatment: Hand placed grouted stone channel
Completed;, September 1950

Channe|

In 1944 Congress authorized
construction of a timber crib wooden
flume to replace the original woodan
flume in Creede, CO constructed
between 1890 and 1910. Fig. 1 shows
the location. The War delayed the
replacement and the Corps changed
the design to grouted stone. Photos C-
1-4 illustrate the history. Fig. 2 shows
the layout. Channel length is 5527
feet. Bottom width is 8 feet. Depth is
7.5 feet. Sideslopes are 1.5:1. Slope is
0.015. Fig. 3 ghows typical sactions.
Small, low slearance vehicular and
pedestrian bridges cross the channel.
Design discharge iz 1800 cfs,
Freeboard, based on the 0.012 design
Manning’s r. is as low as 1 foot in
saome reachas,

The site had four floods above
1000 efs before the current channel
was constructed. but a maximum of
only 330 cfs since. Photo C-5 shows
the project gage at the inlet,

In 1983, the Corps informed the  |Photo C-5. Iniet, 1998
City that the 100-year event was 800

cfs. Justification is abhsent. The Celorado Water Conservatinn Board estimated the 100-
year event to be 1120 ofs for flood plain mapping in 1886. The Corps reastimated the
100-year event to be 1530 cfs in 18B8. While the true 100-year value may be elusive,
any decrease from 1800 cfs buys the channel needed freeboard,

Richard J. Heggen, Professor of Civil Engineering, University of New Mexico
Page 1
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Figure 1. Project Location
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Figure 2. Creede Layout.




PDH - Floodwater: Creede, CO

PDHNow

WiRILS

—

—_—

TYPICAL CHANMNEL SECTION

e

F-G° SOUARE PIECE OF GALVANIZED
HARDWARE CLOTH WrTH 172" MESH
PLACED GETWEEN GRADED GRAVEL
anp GROUTED RaPRap

" GROUTEC RIPRAP LINED CHANNEL

FEAWIGUS HACHFILL

FART

Bl it : Z Ml
grownd fins L

~—
COMBACTEDR

WARIES
saten | | VaRIES

S

WARIES

=g~ LIWTS OF MASOWATY

RETLINIMG WALL !

CHANNEL SECTION

SHOWING LEFT BANK MASOMRT RE TAINING WAL L

LCCMPRGTED
PERVIONE BACNFILL

GRALED GREVEL

LIMITE OF
MASDNAT

'-'-ﬂHEE
12'-0"

|, ¥ARRES -F-I

SUPEA-ELEVATED
CHANMNEL 80 TTOM

LIMITS OF GRQUTED RIPRAP

RETAINING |
WaLL

. I'=E"

COWPRCTED
FERYIOUS MATEREAL

[ GRADED GAAVEL

CHANNEL SECTION AA THRU A'A

0" MIN

Serginal

ground .I'J:ﬂf-'}
2 Win 4
o 11

——

Figure 3. Typical Sections.

SCALE INFEET
o L 1o =

T




PDH - Floodwater: Creede, CO PDHNow

TIMBER CRIB CHANNEL

CREEDE, COLORADO, WILLOW CREEK

Fhotos C-1-4. Historical Photos.
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Corwayance eapacity becomes insufficiant if the channel lining were ta disintegrate
(as it appears to be doing) or a tree were to jamb against a bridge and block the
passage, Overflow will flood the City.

Cribs

Willow Creek transports extensive material from talus slopes and ald mining
operations upstream. Four log and rack cribs, approximately 3 fast deep, collect
sediment and debris above the inlet. The County pericdically excavates the cribs for
road building and repair matenal. The cribs require continued vigilance during the
spring runoff; the County has heavy eguipment readily available for emergency work.
The cribs also provide grade control far the channel. Virtually all inspactions mention
the structural tenuousness of the cribs. Photos C-6 and C-7 show the crib immediatsly

upstream of the channel inlet, The 1828 photo is approximately 10 years after the last
reconstructian.

Phats C-6. Bottorn Crib, 1957

Page 2
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Photo C-8 shows an upper crib
in deteriorated conditian. Flow has
migrated to the left,

Weepholes

Seeps into the channel are
commaon, both from natural near-
surface flows and human change.
(Cne long-noted inflow was
evenlually traced to a septic tank.)
The channel has 4-inch weephales
which require regular cleaning. As
the rock wall is relatively porous in
any manner, the structure is not in
grzat danger from hydrostatic
loading.

Page 3
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Backfill

The City has frequently supplemented backfill behind the channel walls. The City
concrete backfilled a 2-cubic yard void discovered in excavation for a new bridge
abutmant in 198%. That void might have been due to settlemant, indicative of
insufficient compaction at construction, o might have been washed out through the
porous wall. Other backfilling needs may simply be the result of naturally low
topography, areas in flood danger if the channel were to overtop.

Material Failures
The upper portions of the channel walls and the channel battom are generally in

good condition, save a few minor eracks in the upper walls and a few pieces of missing

riprap in the bottom. Spalled mortar on top of the parapat walls needs occasional
maintenance, but it is not critical to the project,

The channel is severaly detencrated along the waterline. Photos C-9-14 documeant
the persistence of the problam,

| m=te

Fnaoto C-9. Spalling at Waterline, 1965

Page 4
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Fhato C-12. Spalling

Page &
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Photo C-14. S

Factars which may contribute to the problem include:

i1} Freeze-thaw action where splash ogours. The watarline freezes and thaws with
regularity. Creede has over 300 frost days per year, Not only are stones loosensd
ahd lest, but the entire channel wall has heaved 1-3 inches in one location,

Pag= 6

13
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(2} Mortar and riprap removed by the swift current. Channel velocity is 15 feet per
second and greater. Attack is enhanced on the outside of the curve. Analysis

indicates that a 12-year event will pull unsupported free stones from the channel
battam.

(3} Sediment
impact.

(41 Destructive
chemical
reaction
hetwaan
acidic
volcanic
aggregate
and mortar.
Phota C-15
shows
concrete
disintegration
caused by
high acid
aggragate.

Bepairs 1

The City has regrouted channel
portions alang the waterline on many
ooccasions, About 20 feet of channel can
be patched in one day. The work area is
sealed off from streamflow by sandbags.
Fepair iz limited to the low-water months,
August to October,

Photos C-18-18 illustrate the
sandbagging.

Photo C-16. Sandbagging, 1878

Page 7
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sideslope.

Pnoto C-1/. Sandbagging, 1992

T S see v
993

P — B
Phato C-18. Ready for Sandbagging, 1

Moticeable in the center of Photo C-18 is a wave caused by a hole in the bottom of
the channel. Sandbagging this area is more difficult than sandbagging along the

Page &
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Patching technologies have included:
Hand-placed maortar, typically a 1-3 inch overlay. Grauting holds up for 5-7 years,
Shoterete, which lasts only a few years.

Grouting. As it is not possible to remove and replace the stone during this process,
grout is merely foreed into the joints from the surface. The Cold Regions
Research Engineering Laboratory was consulted to determine if any new
grouting technology has bean developed far cold regions. The answer was
negative. .

Suggestions include:
Avoiding grout in areas subjected to frequent freeze thaw cycles.

Sandhblasting, water jetting or etching the surface to remove loose mortar, algas
and other aguatic growth,

Epaxy paint.

Fibar-reinfarced concrete.

Air-entrained concrete.

Latex concrate additive.

Removing 8-12 inches of wall face to allow a more-substantial patch.

The chance for the City to discover an affordable, achievable and lasting repair
seems (o be remote.

Photos C-18 and C-20
show a patch and its fate.

Phote C-19. Fix

Pega 9
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Photo C-20. And Fail

Right of Way

The project suffers the attack of encroachment. Photo C-21 shows the problem. The
City has moved against viclators, but the problem persists,

&= = = > — T —

Phota C-21. Encroachment

Faga 10
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Salety

The preject poses a substantial satety challengs. Photo ©-22 shows a possibility of
self-rescue, but as flow is fast and cold and the rocks are rough, the victim will be
injured.

i r’“f'"* e ”" T
ilﬁhmf:"' e

hon

Reconstruction

In Section 203 Defailed Project Report and Envirommental Assessment, Creade
Colorado, 1989, the Corps investigated project rehabilitation. Reassessed hydrology
and hydraulics lead to little change in project sizing. The existing channel was simply
near the end of s functianal life, primarily as a result of ice action along the waterline.

The preferred rehabiltation alternative was concrete lining. Alignmant would be that
of the existing channal. The channel would be sandblasted. A section of the channel ip
would be removad to allow for a seamless pour. Eight inches of rainfarced concrete
would be placed along the bottom and six inchas along the sides of the axisting
channel. The channel geometry is suited for slip-forming the lining if projecting rocks da
not interfere with the slip-forming machine. An energy dissipater would be eanstructed
at the downstream end. Bypassing the streamflow would be a formidable task.

Eccnomic justification presumed that the existing channel would fail within five years
{1884, It hasn't. The economics also showed that 1982 rehabilitation was unjustified if
the existing channel could last another 16 years {to 2008). Sooner or later, Creedsa
must have a new channel.

Page 11
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The Sponsor
Channel maintenance is a perpetual challenge for a community perched on two
sides of a mountain river. Creed's capital projects are funded fram sales tax, $24.000 in

1889. Approximately $200,000 of channel repairs were needed that year. In good
years, the City allocated $6000 for repairs, but even that is no longer a line item. What
the City lacks in financial resources, it addresses with willingnsss and effort. Immediate
maintenance needs noted in annual inspections are generally addressed by the
subsequent visit. The mining heritage is obvious; City forces can fix braken things.

o = ERTTRT T

Page 12
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(MiCreede :
Date Local Backfil inlet | LogCribs |Wire Fences| Channel | Goncrete | Encroachment
. Drainage Vegetation |
21-Sep-54 Undesirable | Settied. LT Goed. One good.  |Washed
\ditzh thraugh Boulders at  |One with 20 ft |through,
_{fiprap. i e missing.
11-Det-55/Same. Selled 6-1Z  |Against same.  Improved.  |Nat effective. |
riprap.
8-Oct-56(Same. | Same. Same. 'Good shape,  Washed out. | Upflow through T
| 10inch hole in |
| ' bed. ! y
17-Bep-57|Same. Minar Enlarged. Same. Same._ "_ [
2d-Nov-58 Same. [Improved Trees, bush. Very good.  Same, Same. | Dabris.
28-Sep-59 Same. Fill needed,  [Willows, |Good. Gaod, Mot oo -
__bush successhul,
10-Oct-60 Same. Added. Mare Gaod. Fair "~ |Same. i
| |planned. o S oes |
10-Qct-61| Same. | Improvements. [Bushes Good. Fair. Flaw Some dazer |Clean, Minw spalling
| Some work through end of [wark, but of concrete
neaded, lone crib, problems cap.
12-Aug53 Inadequate. ‘Goad.  |Same Same. Clean. -t hole )
P Shrunk. P develnping
9-Jun-65 Abaove Need restaring. [Bush, Tree, Good Clean. Weep | Spalling. Construction
drainageis  Hole needs hales filling in. close Ip channal.
from ald septic. filling. |
_fank. R
3-May-66 Same. |Bushas. Good, Good. Poor to fair.  |Clean. Parched. |Cack from Increasing
| | Tree. weep hole. encroachment
i Spalling. into RAN
Weep holes  [Dumgping,
filling.
Inspeaction Summary

20
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i1} Creede| .
14-Nov-67|Should be Treas. CGood,  |Good. " Crackworse.  |Spalling Consterable
extended. \trash and debris.
| | Encroachment.
9-Jun-60 Meeded, Bush. Tree. | Gaod “GCracking.  Timber may
| Spalling, Weep |wash in,
|holes covered |Encroachmenits.
! i et o el by grading. | B
8-Jun-70 Same. Brush, i { Timber may
Willlwes. Spalling. wash in.
Popauts Cesspaol filled.
| Plugged Encroachmeants.
o | weepholes.
2-May-72 Poor backfill | Minar. 'Good o [High degree of
after sewer encroachmant,
canstruction
through parect
25-Apr-73| Flaw coulkd Problems with | Many cracks. [Emergency
spill Nt tunnels under |acses cauld be
town before | channal. difficult
raaching
| infet ek
27-Aug-74 | Large frees  |Good. Ratting. Deteriating Cracks and  |Encroachments
gona. |masonry walls at|spalling. remain.
water lime,
Patches
| loosening. Floar
fine, since
always covered.
B-Jul-75 7 Inflow could | Deterlated walls. Numerous
| bypass into encroachments.
| towr.

Inspection Summary

21
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(1) Creede T
seleel [ Same | Inadequatety | Same
} il | ERR I P ‘repaired walls.
15-Jul-78 MNeed to raise | Same, Goad repairs.  |[Concrete
road grade. Springs thrsugh | breakdown,
ol e . .s_,ide.
Jun- ?SI__ _ |
18-Aug-80 OK, Cavitatian at Resiricted RIVY.
water lina.
Patches OK.
Cavity. f
11-Aug-82 oK ‘Cavities an [
i B | |bank.
18-0ct-83 ~Salisfactory. Cavilies. Some | Numerous
repairs. Serious encroachments.
masonary
failuras. =
23-Aug-B4 Cracks and Mot worse,
spalls.
Disintagration.
24-Sep-B5 " |Road raised to | " |Lower end Cracks and
proper breaking down. |spalls.
alevation. i
TE-OcET] | Crunbling T |Salid and
wall smooth battom.
Wall deteriating.
|
3 5 Crumbling Hew bridges
|wall. | QK. Debris and
cavitles In
12-Jul-59 channel. )
il Rutted away. Accalarated
| Sediment breakdown.
20-Jun-2 washed in.

Inspecticn Summary
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(1) Creede
14-Aug-91| [ . o A R
| ' 7 Repaired 'Same repairs.
| | Deteriatad
29-Jul 92! 5 | masonry .
Repairs. v '
| Deteriating
21 4-39p—9_:3__ : & splash zone,
7-Sep-54 Sama. ]
Inspecton Summarny i

+++++++++++++++ The End ++++++++++++++

Any questions, please contact info@pdhnow.com

23
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QUIZ for Floodwater Lessons Learned: Creed, CO

O

o

w

. The four cribs constructed above the channel are made up of
. Concrete and rock
. Wood timber and rock

. Concrete weir and rock

. The purpose of the cribs is

. To trap sediment upstream before it reaches the channel
. To trap water behind the cribs

. Furnish grade control above the lined channel

) ua” and HCH

. The purpose of the four-inch weep holes in the grouted-riprap channel walls is to

. Allow air to enter behind the channel lining

. Allow water from the channel to enter behind the lining

. Allow water that has accumulated behind the channel wall to drain into the channel

. Provide an anchor hole to tie pedestrian bridges to the channel

. The grouted-riprap channel has
. Severe spalling at the bottom of the side slopes
. Severe abrasion on the middle of the side slopes

. A danger of floating like a large concrete canoe

24
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. A challenge to the channel wall integrity is
. Creede has 300 frost days per year

. High flood water velocity of 15 ft/sec

. Sediment impact

. Destructive chemical reaction between volcanic aggregate and mortar

. All of the above

. Hand-placed mortar repairs
. Will last the project’s life
. Last about 5 to 7 years

. May be made during high water

. Grout may be successfully used in freeze-thaw areas
. True

. False

. Creede channel damage is noticed mostly at
. The freeze-thaw line

. Where pedestrian bridges are located

. Areas of encroachment

.“a” and “b”

. The two tires hanging from a pedestrian bridge
. Are provided for tourist amusement during the summer months
. Are a self-rescue apparatus

. Used by U.S. Geological technicians to measure annual peak flows

PDHNow
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10. Channel rehabilitation is well within the budget of the small town of Creede
a. True

b. False

26



	1.  Course Overview
	2. Learning Objectives
	3.  Summary

