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PURPCSE OF THE DAM SAFETY PRQIECT REVI EW GUI DE

This docunent has been created to provide a technical guide
for the engineering comunity involved with the design of dans
under the Colorado Statutes and the "Rules and Regul ati ons for Dam
Safety and Dam Construction.” In addition, this guide has been
witten to help the engineer follow the rules for a specific
project. The guide is divided into three parts plus references.

Part | - ADM N STRATI VE REQU REMENTS. Lists the required
docunents, description of the docunents, and fees associated
with filing an application to build, repair or to nodify a
jurisdictional damin Col orado.

Part 1l - DESIGN AND TECHNICAL CRITERIA: Qutlines, clarifies,
and supplenents the technical requirenents of the Rules and
Regul ati ons.

Part 11 - CONSTRUCTION: Provides information concerning
expectations for nonitoring, recording and docunenting the
construction of any work on a dam

No document can be inclusive of all design problens confronted
by an engi neer, nor can it be expected to foresee future changes to
law and rules. In addition, no guide can be a substitute for sound
engi neering judgment or experience. Therefore, this qguide is
subj ect to change as inproved techni ques and policies becone known.

Because this a guide for the engineering comunity,
suggestions and comments for additions and changes are wel cone at
any time. Please wite or call the follow ng:

Col orado Division of Water Resources
Dam Saf ety Branch

1313 Sherman Street Rm 818

Denver, Col orado 80203

303- 866- 3581
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PART |

ADM N STRATI VE REQUI REMENTS

A FI LI NG AN APPL| CATI ON:

1. Prelimnary Filing: The docunents listed below nust be
submtted as an application for approval to construct a new
jurisdictional dam or enlargenent in Colorado (only applicable
docunents are required for repairs or nodifications to existing
dans See Rule 6.A). The various reports may be submtted in a
si ngl e bound docunent.

a. Application Form 1 each

b. Construction Plans (24x36 prints) 1 each

c. Construction Specifications 1 each

d. dassification Report 2 each

e. Hydrol ogy Report 2 each

f. GCeotechnical and Structural
Anal ysi s Report 2 each

g. Design Report 2 each

h. Instrunentation and Monitoring Plan 2 each

i. Detailed Cost Estinate

(include in design report)

j. Fling Fee 1 check
(NOTE: Additional copies of reports, draw ngs and
specifications may be requested by the State
Engi neer as required.)

2. Supplenental Filing: [If any mnor corrections are

required to the application, the engineer should submt the
followi ng itens:

a. Corrected docunents as per review nmeno .

b. Revised cost estimate, if change occurs.

3. Final Filing: Once a design is considered acceptable for
construction, the design engineer wll be notified to submt the
final docunents consisting of the itens listed bel ow Appr ova
will occur as quickly as possible after the final docunents have
been recei ved.

Two copies of any corrected report docunents.
Only the final nylar cover sheet draw ng (24x36).
Four conpl ete sets of blue/black prints (24x36).
A mnimum of five sets of specifications.

Qoo



B. DOCUMENT DESCRI PTI ONS

1.
cost from
for each

Application Forns: Application forns are available at no

the State Engineer. There are three different forns. One

type of work an owner nmay expect to perform on a

jurisdictional dam (Copies are found under forns) They are:

5.A (2))

a. Appl i cation for t he review of pl ans and
specifications for the construction or enlargenent of a
reservoir dam

b. Application for t he review of pl ans and
specifications for the alteration, nodification, or
repair of a reservoir dam

C. Application for renoval or breach of a reservoir
dam

Construction Plans (Drawing Standards): (See Rule

a. The plans shall show the design of the dam and
each appurtenant structure in sufficient detail so that
the contractor or builder is able to construct the
structure from the plans and specifications. Record
drawings filed wth the State Engineer shall be
originals, or a high quality reproducible archival copy
of the original, and shall be prepared in an appropriate
scale so details are legible, drawmn with permanent ink
on high quality M/lar or equivalent, submtted in an
overall size of 24 inches high and 36 inches wi de. Size
limts are required due to the book and cabinet filing
syst em used.

b. Drawi ngs shall have a mnimum margin of two (2)
inches for binding on the left side (24-inch edge) and
a 1/2 inch margin on the right, top and bottom edges.

C. MN MM size letters shall be 1/8 inch, or Leroy
100 tenplate or equivalent. This permts readable
reduced drawi ngs made from m crofil m docunents.

d. Al drawing sheets shall have bar scales in order
to allow scaling of reduced draw ngs.

e. Each sheet shall have in the |ower right-hand
corner a 1/2 inch by 3 inch space for the State
Engi neer's file nunber.



f. Use of t he Pr of essi onal Engi neer Seal on
reproducible drawings is in a state of admnistrative
fl ux. Until final rules by the Board of Professional
Engi neers are pronul gated, the acceptable alternative is
described belowin |I.B.2.h.(7).

g. Each sheet shall be nunbered sequentially with the
first or cover sheet being sheet nunber one in
conjunction with the total nunber of sheets in the plan
set; e.g., "Sheet 1 of 6"

h. The front cover sheet, Sheet 1, shall show as a
m nimum the follow ng infornmation:

(1) Title or name of the dam (use the official
record nane).

(2) The nane of the owner.

(3) Drawing index including drawing title and
drawi ng nunber as described in B.2.g. above.

(4) \Water D vision , Water District

(5) County where damis | ocat ed.

(6) VMcinity map show ng | ocation of dam

(7) Responsible design engineer's printed name, PE
nunber, and signature shown in lower right 1/4
of drawing. Format as foll ows:

(signature) Colo. PE No
(printed name of engineer)

(8) State Engineer's approval statenent:

Approved on the day of , 20

State Engineer

By:

Assistant State Engineer



(9) Provide space near |ower right-hand corner for
addi ng " AS- CONSTRUCTED' statenent as fol |l ows:

"These plans represent the AS-CONSTRUCTED

conditions of dam to the best of our
knowledge and judgement, based 1n part on
information furnished by others as of the __ day of
? 20_
(signature) Colo PE No

(printed name of engineer)

3. Construction Specifications Standards (See Rule 5. A (3))

a.

shal |

Cover sheet shall show at |east the foll ow ng:
(1) Title or nane of dam (identical to plans).
(2) Water Dvision , Water District

(3) County.

(4) Design engineer's seal and signature (as
requi red by CRS 12-25-117)

The title page or first sheet behind the cover
show as m ni mumthe foll ow ng:

(1) Title or nanme of dam (identical to plans).
(2) Water Dvision  , Water District
(3) County.

(4) Design engineer's seal and signature (as
required by CRS 12-25-117)

(5) State Engi neer approva

Approved on the day of , 20

State Engineer

By:

Assistant State Engineer

The specifications shall be indexed.



d. Final specifications shall be submtted on a good
grade of white 8-1/2" X 11" paper.

e. Each set of specifications filed shall be bound,
and shall include ONLY the technical specifications and
other information required herein. PLEASE DO NOT

i ncl ude contract adm nistration docunents such as notice
to bidders, bid bond, equal opportunity, etc.

f. The Cener al Condi ti ons section of t he
specifications shall include the follow ng statenent
t hat :

"Approved plans and specifications shall not be
materially changed wthout the prior witten
approval of the State Engineer,"” AND

"The State Engineer has the authority to require
the material used and the work of construction to
be acconplished according to rules and regul ations
and that construction shall not be considered
conplete until the State Engi neer has accepted the
sane in witing." AND

"The owner's engineer will nonitor the quality of
construction as specified in Rule 9 of the Rules
and Regul ati ons for Dam Safety and Dam
Construction, Septenber 30, 1988."

4. Hazard O assification Report: The classification report
is generally the first docunent prepared since the design standards
are driven by the consequences of a damfailure. This report may be
submtted to the State Engineer for an opinion prior to beginning
t he design phase. The report shall be indexed and bound. A filing
fee is not required. The standards and criteria for the analysis
are found in this guide in PART I1.A Hazard O assification. See
Rul es and Regul ations, Rule 5. A (4).

5. Hydr ol ogy Report: The hydrology report provides the
basis for approving the size of a reservoir dam spillway.
Standards and criteria used by this office for review and analysis
are found in PART I11.B - Hydrol ogi c Design. The report shall be
i ndexed and bound. This report may be submtted for an opinion of
the State Engineer before filing an application for approval. A
filing fee is not required. See Rules and Regulations, Rule
5.A (5).

6. Geot echnical and Structural Analysis Report: This report
contains the information concerning the geology, seismcity, and




investigation of the soil strength properties from field and
| aboratory tests and the availability of materials to assure the
dam can be constructed as desi gned and approved. It also includes
a definitive analysis of the stability of the dam during the
different |oading conditions which the dam nmay be subjected to.
The standards and criteria are found in PART II.C - GCeotechnical
I nvestigation and Design. The report shall be indexed and bound.
See Rul es and Regul ations, Rule 5. A (6).

7. Design Report: The intent of the Design Report is to
provide a narrative of the engineer's design philosophy and the
met hods used to design the various conponents of the dam not
di scussed in other reports. Wien copies of the calculations,
assunptions, and applicable references are included, a record of
design is established and the review process is nmade easier. The
report shall be i ndexed, | egi bl e, and clearly docunented.
Controversial designs and new concepts should be docunented and
acconpanied with a the calculations and a copy of the pertinent

parts of the references which support the design. No further
discussion within this guide is provided for this report. See
Rul es and Regul ations, Rule 5. A (7).

8. Instrumentation and Monitoring Plan: The  m ni num
requirenments are found in the Rules and Regul ations for Dam Safety
and Dam Construction, however, "PART Il.H - Instrunentation Pl an"
and "PART [IIl.1 - Mnitoring Plan" provide nore definitive
recommendati ons and reporting formnat. See Rules and Regul ati ons,
Rule 5. A (8).

9. Cost Estimate: A detailed estimate of cost of the
construction including engineering fees shall be provided. This is
normal ly incorporated in the Design Report. The State Engi neer
recognizes the sensitivity of this information until t he
construction bid date has cl osed. For record purposes the files
are not considered public until after a construction contract has
been awarded or after the expiration of the plans and
specifications in five years. See Rules and Regulations, Rule
5. A (9).

10. Filing Fee: Efective 1 July 1990, CRS 37-80-110
requires a fee of $3.00 per $1000.00 of construction costs
i ncludi ng the engineering fees. The mnimumfee is $100.00 and the
maxi mum fee is $3000.00. The check should be nade payable to the
STATE ENG NEER. See Rul es and Regul ati ons " Suppl enent, Paragraph 3.
FEES FOR RESERVAO R DAMS. "




PART 11
DESI GN AND TECHN CAL CRITERI A

A HAZARD CLASSI FI CATI ON AND SI ZE OF DAM

1. Pur pose: The purpose of the Hazard dassification
Study is to evaluate the potential consequences of the subject dam
failure on residents and property below the damand to identify the
standards for the investigation, design, and construction which
apply to the proposed project. The purpose of the size
determnation is to apply the appropriate design standards to the
proj ect.

2. Citeria for Hazard O assification

a. The hazard class IS based upon follow ng
assunpti ons:

(1) The dam fails by erosion of enbanknent
materials initiated by piping, enbanknment slides or
deterioration of the outlet works.

(2) At the tinme of failure, reservoir waters are
stored to the crest of the energency spillway.

(3) The dam fails at the maxinum section. A
reservoir with multiple dans nust be analyzed as
separate structures. Design standards of the
maxi mum hazard cl ass applies to all enbanknents.

b. Because of the sensitivity of the tinme for a damto
conpletely fail, several reasonable failure rates should
be considered. This is especially inportant if there is
a range of reasonable failure rates which would cause a
dam to be considered for either of tw hazard
classifications depending upon the selected failure

rate.
C. If the analysis shows loss of life is expected, the
damis classified as dass |I. Use of the flood plain by

occasi onal canmpers and fishernen is not controlling for

t hese anal yses, since these individuals are expected to

be warned by rising waters and to flee for their I|ives.
1
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However , the existence of a large established
canpground adjacent to the stream should be considered
for ass I. No loss of life is expected to occur if the
increased depth of flow is two feet or less and the
product of the average flood plain flow velocity and the
depth of flow at a critical area is less than seven. If
the failure of the subject dam can cause the failure of
another Cass | dam located downstream the dam is
automatically considered dass |I. Should no |oss of
life be expected, the next question of concern is
property danage.

d. A dass Il dam is a dam for which significant
damage is expected to occur, but no loss of human life
is expected in the event of failure of the dam
Significant danmage is defined as damage to structures
where people generally live, work or recreate, or danmage
to public or private facilities exclusive of unpaved
roads and picnic areas. Damage neans rendering the
structure uni nhabitable or inoperable. It is presuned
that danmage is expected to occur when a structure is in
nore than two feet of water, or the product of the water
depth and the average flood plain flow velocity is
greater than seven. A detailed analysis of danmage to
each structure may be nade as an alternative to the
above presunptions.

e. A dass IlIl damis one for which no | oss of hunman
life is expected, and damage to structures and public
facilities as defined for a dass Il damis not expected
in the event of a failure of the dam

f. A Gass IV damis a dam for which no |oss of hunman
life is expected, and which damage will occur only to
the dam owner's property in the event of failure of the
dam

g. In some cases, a classification study may require
an anal ysis of floods across the state |ine.

Citeria for Size of Dam

a. A "M nor Dam' does not exceed 20 feet in vertica
hei ght and 100 acre-feet in capacity.

b. A "Small Dami is greater than 20 feet in vertica
hei ght but equal to or less than both 40 feet and 1, 000
acre-feet in capacity, or is greater than 100 acre-feet
but equal to or less than both 1,000 acre-feet in
capacity and 40 feet in vertical height.

2
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C. An "Internediate Dant is greater than 20 feet in
vertical height but equal to or less than both 100 feet
and 50,000 acre-feet in capacity, or is greater than
1,000 acre-feet in capacity but equal to or |ess than
both 50,0000 acre-feet in capacity and 100 feet in
vertical height.

d. A "Large Danmt is greater than 100 feet in vertica
hei ght, or greater than 50,000 acre-feet in capacity.

Hazard O assification Report

a. The report shall include floodplain maps show ng
the inundated areas. In the case of a single reservoir
with multiple danms, an analysis of each dam and its
downst ream channel is required.

b. | ncl ude cross-sections show ng el evations, |ocation
of structures, and channel wdth at critical sections
where devel opnent or structures exist. The sections
shall show the dam break total discharge, average

velocity and the flood stage el evation.

C. Provide a tabulation of the dam break and channel
di scharge paraneters and values used for the final
esti mated dam break study.

d. The sensitivity study should be summarized in
tabul ar form showi ng the paraneters and the results for
each cross-section, and al so should show the final study
paraneters for conparison purposes.

e. The concl usion shall include the recommended hazard
classification using the criteria as shown above.

f. Append the final conputer output to the report in
8-1/2" x 11" paper fornat.

g. Provide an appendix listing all conputer prograns
and references used for the study.

h. The conputer prograns that are used by this office
are:

(1) US Any Corps of Engineers "HEG1 Flood
Hydrograph Package" (Septenber 1981, or |atest
version.) (Requires assum ng the damis overtoppi ng
at the spillway elevation wth a small base flow
causing the failure at the maxi num secti on)

(2) National Wather Service "BREACH - An Erosion
3
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Model for Earthen Dam Failures"” program by Dr. D.
L. Fread, (January 1985) can be used to evaluate the
breach paraneters used in the HEG1 Fl ood
Hydr ogr aph Package.

(3) National Wather Service DAMBRK program by Dr.
D

L. Fread provides a dynamc analysis of the
fl ood routing downstream of the dam

I1-4



B. HYDROLOG C DESI GN

1. Design Rainfall: The rainfall event for generating the
inflow design flood is based upon the hazard classification and
size of the dam Sources for the rainfall data are the appropriate
Hydr onet eor ol ogi cal Reports (HVR s) by the National Cceanic and
At nospheric Adm nistration (NOAA) publications, or a site specific
rainfall study. Rainfall criteria shown below pertains to the
m ni rum standards required for reservoir dans in Colorado.
Exception to the design rainfall standard is a spillway design
usi ng an I ncrenental Danmage Anal ysis.

FIGURE Il -1
DESI GN RAI NFALL FOR NEW OR ENLARGED DANS
DAM CLASS/ [ I 1 [ 11 |V
DAM SI ZE\
Lar ge PMVP . 75PMVP 100YR 50YR
| nt er nedi at e PMVP . 50PMP 100YR 50YR
Snal | PMVP . 50PMP 100YR 25YR
M nor . 50PMP 100YR 50YR 25YR
FIGURE I| -2

DESI GN RAI NFALL FOR EVALUATI ON OR SPI LLWAY
ENLARCGEMENT ON EXI STI NG DAMS

DAM CLASS/ I I 11 |V

DAM SI ZE\

Lar ge . 75PMP . 50PMP 100YR 50YR

| nt er nedi at e . 75PMP . 50PMP 100YR 50YR

Smal | . 75PMP . 50PMP 100YR 25YR

M nor . 50PMP 100YR 50YR 25YR
a. For an Increnental Danage Analysis, the design
rainfall is that which produces a flood of such a

magni tude that the overtopping and failure of the dam
does not cause a significant increase in property danage
and an increase in loss of life over that which would
occur during the design rainfall flood had the dam not
been built. See the Section on Increnental Danmage
Analysis in PART I1.B.3 in this guide for details.

b. Site specific rainfall data or hydroneteorol ogic
5
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analysis is determned by following the procedures used
by the National Wather Service or as outlined in the
United States Bureau of Reclamation (USBR) Flood
Hydr ol ogy Manual (1989), Chapter 3.

C. When using stream gaging stations and rainfall gage
data for determning base data for inflow design floods
having a frequency equivalent to or nore frequent than
the 100 vyear event, the analysis procedure wll be
subject to the State Engineer's approval, or the
cal culation shall be based on procedures outlined in the
publ i cati on:

"United States Water Resources Council, uidelines
for Determning Flood Flow Frequencies, Bulletin #
17B of the Hydrol ogy Subcommttee, Revised Edition,
| nt eragency Advisory Conmttee on Water Data, U S.
Departnent of the Interior, GCeological Survey,
Ofice of Wat er Data  Coordi nati on, Rest on,
Virginia, 22092, March, 1982"

d. Design Rainfall or Precipitation values are found
in the United States Departnment of Commerce, National
Cceanic and Atnospheric Adm nistration (NOAA) - National
Weat her Service publications.

(1) Probable Maximum Precipitation (PMP) values
for Colorado may be determned from the follow ng
sour ces:

(a) Hydroneteorol ogical Repor t No. 51 -
"Probable Maximum Precipitation Estinmates,
United States East of the 105th Meridian."
(HVR-51) and Hydronet eor ol ogi cal Report No.

52 - "Application of Probable Maxi mum
Precipitation Estimates- United State East of
the 105th Meridi an" (HVR-52)

(b) Hydroneteorol ogi cal Repor t No. 49 -
"Probabl e Maxi num Precipitation, Colorado and
G eat Drainages.” (HVR-49) This area is west
of the Continental D vide.

(c) Hydroneteorol ogi cal Report No. 55A -
"Probable Maxinmum Precipitation Estinates,
United States Between the Continental D vide
and the 103rd Meridian." (HVR 55A)

(2) For 100, 50, or 25 year design storns the NOAA
6
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Atlas No. 2; "Precipitation-Frequency Atlas of the
Western United States, Vol 111 - Colorado" (NOAA-2)
is generally wused in Ilieu of site specific
statistical studies.

e. The State Engineer uses the U S Arny Corps of
Engi neers conputer nodel HEC- 1 for evaluating the Inflow
Design Flood. The synthetic storm data that is entered
into the HEG-1 conputer program is determned from the
"Dept h-Duration Values" table as shown below The data
is entered on the "PH Record" or Hypothetical Storm

Record.
FIGURE I| -3
PREC! Pl TATI ON DEPTH DURATI ON VALUES FOR HEC-1 "PH' RECORD
Sour ce Storm 5 15 1 2 3 6 12 24 48
mn mn hr hr hr hr hr hr hr
HVR-55A GS A A X I I X I X I
HVR- 55A LS B X X X X X N N N
HVR- 49 GS * * C C C X X X X
HVR- 49 LS B X X X X X N N N
HWVR-51/52 GS X X X [ [ [ X X X
NQAA- 2 ALL X X X X X X X X N

NOTES: For FIGURE 11-3 "Precipitation Depth-Durations Values for
HEC- 1 "PH' Record.

By using the matrix in the above table and the index below a
snooth depth-duration curve nmay be developed for the storm of
i nterest.

GS: Ceneral Storm
LS: Local Storm

X : Precipitation value for this duration can be
determned directly fromthe source publication.
N: Duration of stormnot applicable to this series

| : Precipitation value is readily interpolated froma
pl otted dept h-duration curve

A: Precipitation values for these durations conputed by :
15 mn = 45%of 1 hr; 5 mn = 38%of 15 mn
B: Precipitation value for this duration is conputed by :
5mn = 45%of 15 mn
C: Precipitation values for these durations conputed by :
1 hr = 25%6 hr; 2 hr = 48%6 hr; 3 hr = 66%6 hr.
* © No current recommendation; HVR-49 Local Stormis nore

critical for short duration precipitation.
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2. | nfl ow Design Fl ood Paraneters: The inflow design flood
is based upon the probable future flow of water and is based on
reasonabl e hydrol ogi ¢ and geol ogic factors. For the purpose of the
State Engineer's review, the dinmensionless unit hydrograph

technique will be used to evaluate hydrology studies and eval uate
t he adequacy of existing or proposed spillways. The United States
Bureau of Reclamation Flood Hydrology Manual is the adopted
ref erence. Chapter 4 outlines the procedure. In addition the

1987, Third Edition of the USBR Design of Snmall Dans, Chapter 3,
has a brief discussion of the same procedure. The State Engi neer
will accept other hydrological nethods provided simlar inflow
design flood nmagnitudes, tine to peak, and volunes are obtained.
Paraneters used in the procedure are devel oped as foll ows:

a. Eval uate the watershed basin paraneters using both
a mp and a field reconnaissance considering the
fol |l ow ng:

(1) The size of the drainage basin or each sub-
basin should not exceed 500 square mles. Sub-
basins with significantly different characteristics
with respect to the others should be evaluated
separately.

(2) Identify the Ilength of the |ongest water
course and the characteristics of the channel
roughness during the flooding conditions for each
basin or sub-basin. Specific attention should be
made to over bank flow retarding vegetation, and
overland flow for floods equal to or greater than
the fl ood event bei ng eval uat ed.

(3) Determne the end point elevations for each
basin or sub-basin water course identified above.

(4) Determne soil perneability or infiltration
properties of the various portions the basins using
the four general SCS types noting the veget al
cover and current |and use. Identify location and
proximty of facilities where people live, work or
play that may be within the floodpl ain.

b. The State Engineer has chosen the Arny Corps of
Engi neers HEC-1 conputer program for maki ng an
i ndependent evaluation of the Inflow Design Flood. The
followng discussion includes the HEC1 options and
i nput nodifications used by the State Engi neer.

(1) Drainage areas greater than 500 square mles

should be split into smaller basins. Maj or stens

of the stream system which differ significantly in
8
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shape, steepness, geology or Iland use/vegetative
cover should also be analyzed separately and then
conbi ned. Wen conbi ning several hydrographs wth
the HEG-1 program using the USBR unit hydrographs

it will be found that the unit of tine between
hydrograph ordinates can be different for each
basi n. To properly conbine each basin, the

ordinate tine increnments nust be the sane. It is
suggested to use the unit hydrograph tine increnent
for the l|argest subbasin for each of the snaller
subbasi ns.

(2) In cases where the reservoir area is large in
relation to the full basin area, an analysis of the
reservoir as a separate subbasin can produce a
| ower peak runoff because the intense portion of
the design rainfall wll generally occur and route
out of the reservoir before the basin peak can
arrive.

(3) The rainfall distribution for all design
stornms is the "Balanced Stornf or a triangular
precipitation distribution as generated by the

HEGC-1 "PH' input record. W do not recommend
using the rainfall distribution arrangenent as
shown in Figure 3-9 of the USBR Flood Hydrol ogy
Manual . By using the "PH' record input for the

HEC- 1 precipitation, the "Balanced Stornm wll be
automatically devel oped. The PH record variable
"TRSDA" (Storm Drainage Area) nust be assigned the
val ue  of ", 01" because the rainfall ar eal
reductions should have been nade wusing the
appropriate HVR or NOAA Atl as procedures.

(4) The State Engi neer has adopted the USBR Fl ood
Hydrol ogy Manual definition for lag time (or "Lg")
as the tinme from the center of the unit rainfall
excess to the tine that 50 percent of the vol une of
the unit runoff has passed the concentration point
or the point of interest.

(5) Selection of the appropriate Unit Hydrograph
and Lag Time from Chapter 4 of the USBR Fl ood

Hydrol ogy Manual, should be based on the
geographical characteristics of the area. For

exanple, sonme nesa-like areas which are found in

the "Rocky Mountains" hydrographic region are nost

likely to have a hydrol ogic response equivalent to

the hydrographic region "Southwest Desert, Geat

Basin and Colorado Plateau." In addition, a

drainage basin conpletely wthin the San Luis
9
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Valley lowands would be expected to have a
hydrol ogic response equivalent to the "Geat
Pl ai ns" hydrographic region. It is also expected
t he basin hydrol ogi c response data for study basins
primarily below 7,000 feet and east of the Front
Range, to be determned from the "Geat Plains"
hydr ogr aphi ¢ region. For the area west of this
line, the hydrologic response data would be
determned fromthe "Rocky Muntains" hydrographic
region according to the appropriate stormtype. For
hi ghly devel oped ur bani zed ar eas, use t he
hydrol ogi ¢ data for urban basins.

(6) Tables 4-1, 4-2, and 4-3 in the USBR Flood
Hydrol ogy Manual are the study results of severa

drai nage basins with various paraneters which show
the reconstructed G and Kn values for different

river drainages. A thorough wunderstanding of
Section 4.1(e) of the USBR Fl ood Hydrol ogy Manua
will be essential during this step. A sensitivity

anal ysis of the lag is recommended because changes
in the Kn values can nmake nmajor differences in the
final hydrograph peaks. The follow ng unpublished
table, although different from the USBR Flood
Hydrol ogy  Manual , shows sone general basi n
descriptions wth corresponding & and Kn values
devel oped through reconstruction by the USBR during
their PMF Study of the Arkansas R ver above the
Puebl o Dam

FIGURE Il -4
ARKANSAS RI VER LAG CCEFFI C ENTS ( USBR)

GROUND QOVER Cr Kn

Above Ti nberli ne/

Tundra CQutcrop 1.0 . 0385
Snow Covered Area 4.8 . 1846
Forest Good Cover 3.2 . 1231
Range/ Past ure/ Sage/ Gass 2.4 . 0923
Rocky Canyons 0.5 . 0192

(7) Antecedent Misture Conditions: For PMF's in
| arge drainage areas subject to snowrelt flooding,
the seasonal PMF should be superinposed upon the
100 year snownelt flood. Chapter 4 of the USBR
Fl ood Hydrograph WManual provides an excellent
di scussion on this topic.

(8) Initial Abstractions and Infiltration: G ven
10
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that pre-wetting or antecedent noisture conditions
can prevail, studies should assune no initial
abstractions and then use the mnimum infiltration
| oss rates throughout the duration of the PMP. In
cases of depression areas or highly vegetated
areas, an Initial Abstraction may be consi dered.
Mnimum infiltration rates are based on the four
SCS soil groups and may be estimated using the USBR
Fl ood Hydrol ogy Manual , Chapter 4, page 112.

(9) Starting water levels for flood routing.
Exceptions to the criteria presented below wll be
all oned by the State Engi neer for good cause shown.

(a) For the snownelt conponent of the inflow
design flood, begin the reservoir and spillway
stage at the snownelt flood discharge rate.

(b) For rainfall inflow design floods, begin
the reservoir spillway stage at the elevation
of the energency spillway crest.

(c) Flood control dans may be started at the
first uncontrolled service spillway.

3. | ncrenental Danmage Anal ysis: The concept of Increnenta
Damage Analysis (IDA) is based on the idea that there are reservoir
dans so snall in capacity in relation to the drainage basin that a

dam failure caused by an overtopping inflow flood is insignificant
in relation to the damage that would be caused by the sanme inflow
fl ood had the dam not been built. Conceptually, this can reduce the
required spillway capacity and therefor the cost of construction

The followng criteria and procedures outline the requirenents and
justification for an I DA spillway.

a. An I DA shall be based upon a conparison of two
floods: First, a base flow flood of a such a magnitude
that wll just cause a dam failure by overtopping,

routing the flood downstream assumng "no dan is in
pl ace and second, the "overtopping dam failure" flood
due to the base flow flood. The area between the
conpared flood stage elevations is known as the
i ncrenental zone. A spillway capacity that passes the
base flow flood will be acceptable where it can be shown
that the dam failure flood would not cause additional
loss of Iife and would not cause significant increnental
damage downstream Design freeboard requirenments wll

still apply.
b. For conparison of the two floods, no additional
loss of life or "significant" increnmental damage is

11
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expected if the increnental increase in depth of flowis
two feet or less and the product of (1) the average
floodplain flow velocity (in feet per second) and (2)
the incremental depth of flood (in feet) is less than
seven within the increnental zone.

C. The 1 DA nust continue far enough downstream of the
dam to assure the study is conclusive. The study shall
include internmedi ate cross sections where critical areas
and structures exist, and where channel transitions
affect the depth and velocity of the flow

d. There are three conputer dam break prograns
currently used by the State Engineer for evaluating an
| DA. These are: 1) The HEC 1 Flood Hydrograph Package
by the US Arny Corps of Engineers, 2) The National
Weat her Service "DAMBRK" by Dr. D. L. Fread, and 3) The
Nati onal Wather Service "BREACH' by Dr. D L. Fread.
Qur use of these nethods does not preclude the use of
ot her nethods or prograns. However, the other nethods
will be expected to produce simlar results.

e. Docunentation of the increnental danage analysis
shall include but not be limted to: Topogr aphi ¢ maps
of the affected areas, cross-sections and profile of the
downstream channel showing the flood stages for
"overtopping dam failure" and "base flow (no dam.
Include the velocities and discharges for each flood
st age. Docunentation  shall include the conputer
printouts show ng fl ood di schar ges, st age, and
velocities, with respect to tine.

4. Hydr ol ogy Report: The hydrol ogy study shall be based
upon accepted engineering practice and the report shall include
sufficient detailed information so that the reviewer nmay reproduce
the results of the study. The followng information shall be
i ncl uded.

a. Location of proposed dam by quarter section,
section, township, range, and principle neridian; and
the bearing and distance from Stati on 0+00 point on the
dam to a section corner. The distance and bearing need
not be a field survey but the dam should be easy to
| ocate accurately on a 1: 24,000 scal e nmap.

b. Basi n description shall include: The nane of stream

i mpounded or indicate the damis off stream and nane the

tributary or drainage basin; elevation of the dam crest

and range of the basin elevation in accordance with U S.
12
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Coast and Ceodetic Survey (USCGS) el evation; discuss the
basi n devel opnent, drai nage network, geol ogical setting,
soils, and vegetative cover; and discuss future growh
potential based on the nost authoritative sources
avai | abl e.

C. Topographi c map of drai nage of area above and bel ow
the dam Indicate the drainage area in square m|les.

d. D scuss the developnent of the unit hydrograph,
source of the data and the devel opnent of the lag tine.
If the hydrograph is based on an actual flood event,
include a description of the reconstruction study.

e. D scuss the devel opnment and source of the rainfal
data, distribution of the storm nagnitude.

f. D scuss rainfall interception and infiltration
| osses and | oss rates.

g. Summarize the results of the hydrology study,
including the peak inflow design flood hydrograph,
volunme of flood, and the hazard classification. Al so
provide information concerning the conputer program used
and a listing of all input data.

h. Include an outlet discharge capacity rating table

for each foot of head above the inlet or control section
if the hydrology study includes credit for the outlet
di schar ge capacity. | ncl ude t he equat i ons for
determning the discharge rate.

i I nclude a spillway discharge capacity rating table
for each foot of head above the control section,
including the dam crest elevation. I ncl ude the
equations for determning the discharge rate for the
spil |l way.

] . Include a table showing the reservoir area in
(acres) and storage capacity (in acre-feet) for each
foot of gage height from zero storage to the crest of
the dam I ndi cate the maxi mum elevation of the dead
storage level, outlet invert or elevation, and the
elevation of the spillway(s). The gage height shall be
referenced to the USCGS el evati on.

13
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C GEOTECHNI CAL CRI TERI A FOR | NVESTI GATI ON AND DESI GN

1. Ceot echni cal / Geol ogi cal Reports: A conpl ete
geot echnical and geological i1nvestigation nust be conducted in
sufficient detail to support a structural design for all new or
enl arged dans. Feasibility level investigations and reports are not
acceptable for design purposes. The extent of investigation,
testing, and evaluation required varies wth the hazard class and
size of the dam however it is desirable to ensure that an adequate
| evel of investigation is done for every dam The geot echni ca
report should include an evaluation of the foundation and the
materials available for construction. The report should also
include a description of the geological structures, faults,
tectonism slide history, mning history and seismc activity as it

relates to the site and hazard classification. The report nust
i nclude a discussion of the design requirenents as indicated within
this section. The mninmum requirements for a geotechnica

investigation are outlined below and only applicable portions of
these investigation requirenents should be used for any work on
exi sting dans.

a. Cass | and dass |l darms.

(1) Ceology - Provide a geol ogical assessnent for
the follow ng itens:

(a) Regional setting.

(b) Local area.

(c) Dam foundation

(d) Slide potential of reservoir rim

(e) Areal and regional seismc history and
potential as required.

(2) Ceotechnical investigation of foundation.

(a) Drilled test holes shall penetrate into
bedrock or have a depth of 1.5 times the
proposed hei ght of the dam whichever is |ess.

(b) Developnment of conplete drilling |Iogs,
field data, and collection of |aboratory
sanples, following USBR Design of Small Dans
reconmendat i ons.

(c) Appropriate Standard penetration tests
for all drill holes.

14
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(3)

(d) Field soils classification wusing the
Unified Soil O assification System

(e) Drill hole water |evel

(f) In-situ perneability tests as required.
(g0 Gadation tests of foundation naterials,
especially in the vicinity of possible drain
syst ens.

(h) Qobtain undi sturbed sanples for testing.
(i) In-situ density.

(j) Shear strength tests of f oundat i on
materi al s.

(k) Conpressibility of foundation materi als.
(1) Rock quality of foundation rock

(m Presence of dispersive clays or clayey
materials that exhi bi t r esi dual strength
properties in the foundation soils.

(n) Undesirable characteristics of foundation
rock (e.g., open fractures, presence of
soluble salts, low shear strength materials,
etc.)

(o) Foundation drill |ogs developed during
t he geotechnical investigations shall be shown
on a profile of the dam foundation along
centerline, both on the plans and in the
CGeot echni cal Report.

For each of the Borrow Material s.

(a) ldentify the availability and | ocation of
enough borrow material to construct the dam as
speci fi ed.

(b) Gadation analysis for each class of
proposed nmaterial s.

(c) Laboratory classification of soils.

(d) Conpressibility.

(e) Renodel ed perneability, if appropriate.
15
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b.

(f) Shear strength characteristics.
(g) Proctor conpaction test curves.
(h) Presence of dispersive clays.
(4) Spillway Site Investigation - Rock.
(a) Ceologic description of the rock.
(b) Bedding and jointing characteristics.

(c) Adequacy of site to accommobdate proposed
spil |l way.

(5) Spillway Site Investigation - Earth.
(a) Soil dassification.

(b) Soil logs along the channel ©profile
extending at least 5 feet below the bottom of
the spillway channel .

(c) Density or bearing capacity of soils.
(d) Gadation of soils.

(6) Ceologic and geot echni cal ear t hquake
investigations for seismc l|oading conditions on
all Cass | danms and all Large and Internedi ate
Cass Il dans. (Not required for Small and M nor
Cass Il dans.)

(a) The geologic investigation shall include
information on the faults and fault history in
the immediate and regional areas which may
affect the dam In addition, the reservoir
peri et er nmust be evaluated for slide
potential under earthquake conditions.

(b) Evaluate the liquefaction potential of
borrow and foundation soils.

(c) If a deformation analysis is necessary,

determne the dynamc shear strength of the
foundati on and borrow nmateri al s.

Large, Internediate, and Small dass |1l dans.
16
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(1) Ceol ogy - | ncl ude information on t he
fol |l ow ng:

(a) Local area.
(b) Dam foundation
(c) Slide potential of reservoir rim

(2) Ceotechnical investigation of foundation.

(a) Drilling to and penetration into bedrock
or 1.5 tinmes the height of the dam whichever
is less.

(b) Devel opment of conplete drilling | ogs.
(c) Standard penetration tests.
(d) Field classification of soils.

(3) Ceotechnical i nvestigation of bor r ow
mat eri al s.

(a) Denonstrate availability of sufficient
quantity of specified borrow nmateri al s.

(b) Gadation of proposed nmaterials.
(c) Laboratory soil classifications.

(d) Proctor conpaction test curves.

(4) Spillway investigation - as |isted above for
Cass | and dass Il dans in C 1. .a.(4).

Mnor dass Il and all dass |V dans.

(1) Ceol ogy - I ncl ude i nformation on t he
fol |l ow ng.

(a) Local area.
(b) Dam foundation
(2) Ceotechnical investigation of foundation.
(a) Field soil classifications.
(3) Ceotechnical i nvestigation of bor r ow
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materi al s.

(a) Denonstrate availability of sufficient
quantity of specified borrow nmaterial s.

(b) Field classification of soils.

2. Static Stability: The slopes nust be stable under al
conditions of operation. For dans up to 50 feet high, the nethods
and procedures for determning slopes outlined in the United States
Bureau of Recl amation publication Design of Small Dans, 2nd Edition

and newer editions are acceptable. For dans over 50 feet in
hei ght, static stability anal yses using an acceptabl e conput ati onal
method comonly wused in the industry shall be perfornmed to
establish slopes that neet the following design criteria:
a. The mninmum factor of safety wunder high nornal
wat er | evel steady state seepage conditions is 1.5.
b. The mninmum factor of safety for rapid drawdown
conditions is 1.2. Various water levels and steady

state piezonetric surfaces should be consi dered.

C. The mninmum factor of safety after construction
should be 1.25 for both upstream and downstream sl opes.

d. Shear strength paranmeters should nornmally be based
on consolidated undrained triaxial shear tests with pore
pressure nmeasurenents as required.

e. Both effective stress and total stress analysis are
satisfactory.

f. For those danms which require consideration of
residual shear strength of foundation mnaterials, the
m nimum factor of safety using residual strength
paraneters may be |ess than those descri bed above. The
State Engineer shall determne the mninum allowable
safety factor.

3. Seismc Stability: Seismc stability analysis is
required for all New and Enlarged dass | dans of any size, and for
all New and Enl arged, Intermediate or Large size Cass |l dans.

a. Dans requiring seismc analysis shall be designed
to withstand at least the predicted earthquake | oads
with a full reservoir wunder steady state seepage
condi ti ons. Predi cted earthquake |oads shall be based

on an analysis of active or potentially active faults

which may affect the dam and on general considerations

of seismcity in the associ ated seisnotechtonic province

(Reference Colorado GCeological Survey, Bulletin 43 by
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Kirkham and Rogers.) Detailed field investigations
indicating fault inactivity may be used to supplant
classification as a "potentially active fault". The
predicted ground notions at the dam site shall be
determned from fault rupture and energy attenuation
rel ati onshi ps acceptable to the State Engi neer.

b. For dans requiring seismc stability analysis, the
m nimum analysis required is a pseudo-static analysis
utilizing an appropriately selected |oad coefficient of
no |ess than O0.05. Larger |load coefficients or a nore
ri gorous analysis may be required, as discussed bel ow

C. Dans which require seismc analysis, and which have
cohesionless materials in the enbanknment or foundation,
shall be evaluated for |liquefaction potential. The
evaluation wll generally consider, as a mninmm
screening process, the anticipated earthquake mnagnitude
versus estimated epicentral distance of novenent on the
causative fault. In general, the results of standard
penetration tests (SPT) shall be considered and
eval uat ed ver sus seismc | oadi ng to eval uat e
i quefaction susceptibility. G her anal ysis techni ques
may al so be enployed as necessary or advisable. If the
evaluation indicates that the material in question may
be liquefiable under the design earthquake |oading, the
potential for liquefaction shall be elimnated, or the
design shall incorporate systens to |limt the effects of
liquefaction to prevent excessive deformation and dam
failure.

d. For danms which require seismc analysis, a pseudo-
static analysis is sufficient if all of the followng
conditions are satisfied:
(1) The dam and foundation nmaterials are not
subject to |iquefaction.

(2) The dam is a well built (densely conpacted)
structure and predi cted peak bedr ock
accelerations at the dam site are 0.2g or
less, or the damis constructed of clay on a
clay or rock foundation and the predicted peak
bedrock accel erations are 0.35g or |ess.

(3) The static stability analysis safety factors,
for critical failure surfaces involving the dam
crest (other than for the infinite slope case) are
greater than 1.5.
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(4) Freeboard is a mninmm of 3% of the enbanknent
hei ght, but no less than 3 feet.

e. | f pseudo-static analysis is wused, the mninum
acceptable factor of safety obtained by this nethod is
1.0. The pseudo-static |oad coefficient used shall be
at least one-half of the predicted peak bedrock
acceleration (g's), and not |ess than 0.05.

f. Where pseudo-static analysis is not appropriate, a
def ormation anal ysis, using techni ques and nethodol ogi es
which are generally used in practice and are acceptable
to the State Engineer, shall be perforned. The
freeboard remaining followng the predicted deformation
of the dam shall not be less than 3 feet, nor shall
deformation be so excessive that failure of the dam by
internal erosion is likely.

g. Def ensi ve design nmeasures shall be incorporated in
dans subject to earthquake |oading, such as extra
freeboard, wder than nornmal core zones, filters,
drains, and zoning located to reduce enbanknent
saturati on.

Design Criteri a:

a. The enbanknment nust be safe against failure due to
overtopping by providing adequate freeboard or have a
har dened surface that resists erosion.

b. The enbanknent nust not over stress the foundation.
(1) Design and treatnent of the foundation is
dependent upon the type of dam being designed and
insitu materials wthin the foundation. Wth
little control over the insitu materials the weak
points  of a dam are generally wthin the
f oundat i on. Sever al methods for treating and
stabilizing the foundation are available and each
is used to address a specific foundati on weakness.

The USBR Design of Snall Dans di scusses the

treatment of rock, pervious and inpervious soi
foundations, cutoff trenches and installation of
grout curtains and slurry trench cutoffs. In
addition, it discusses the control of seepage
during construction and for final design.
(2) Several books have been witten concerning
only the subject of foundation design and
treatment. Appropriate foundation design wll be
eval uated on a case by case basis.

C. Appur t enant structures  nust be designed and
20
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constructed to not jeopardize the safety of the dam

d. M ni rum  conpact ed densities for enbanknent
materials with a significant content of fine grained
materials shall be 95 percent of maxinmum dry density as
determned by ASTM D698 (Standard Proctor) or 90
percent of maxinmum dry density as determ ned by ASTM D
1557 (Modified Proctor). Inpervious zones w th cohesive
materials shall be controlled using the Standard Proctor
criteria to maintain the plastic nature of the material.

e. The mninmum density for cohesionless nmaterials
pl aced wi thin an enbanknent shall be 70 percent relative
density, as determ ned by ASTM D- 4253 and ASTM D- 4254,

f. M ni num Fr eeboard Requi renents.
(1) New Dans and Enl argenents, the |argest of:

(a) Maxi mum hei ght whi ch will prevent
overt oppi ng by wave action; or

(b) Inflow Design Flood maxi mum water surface
pl us one foot of residual freeboard; or
(c) A mnimmof 5 feet

(2) Existing Dans, the | argest of:

(a) Maxi mum hei ght whi ch will prevent
overt oppi ng by wave action; or

(b) Maximum height required to pass the
I nfl ow Desi gn wi t hout overtopping; or

(c) A mnimmof 3 feet.

h. Canber of the dam crest above the nom nal design
el evation shall be provided, based on considerations of
dam height and material conpressibility, in order to
mai ntain freeboard. The maxi mum canber generally ranges
between 2 to 4 percent of the maxi num dam hei ght.

i Crest width shall be equal to H5 + 10 feet, where
H = maxi num vertical height of the dam However, the
m ninmum crest wdth shall not be less than 12 feet. The
maxi numcrest wdth required is limted to 25 feet.

] - Filter and Drain Design - Seepage through the

enbanknent, abutnents, foundation, and under and around

appurtenances shall be controlled to prevent internal

erosion and external sl oughing. Drain capacity should

be sized to carry seepage flows several times nore than
21
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t he predicted nmaxi mum

(1) Chimey drains, filter and drai nage bl ankets,
toe drains, and relief wells should be |ocated
where the drainage is nost effective according to
the nost recent literature.

(2) Ganular filters and drai ns nmust be
appropriately graded to prevent mgration of

particles fromthe base soil into the filter/drain,
and to provide sufficient perneability for ready
renoval of seepage from the base soil. Desi gn of

granular filters and drains should conform to SCS
Soil Mechanics Note No. 1, 1986, or U S. Bureau of
Reclamation Design of Small Dans 3rd Edition,
unl ess deviations are substantiated by approved
| aboratory tests. The procedure and results of
whi ch are subject to review and approval.

(3) Ganular filters and drains shall have a
m ni num t hi ckness of 12 i nches. Wiere the maxi num
particle size of the filter/drain materials exceeds
one inch, the filter/drain thickness shall be
increased at the rate of one foot of filter/drain
per inch of increase in maxi num particle size. The
maxi mum particle size shall not exceed 3 inches.

(4) Concrete sand meet i ng t he gradation
requi rements of ASTM G 33 may be used as a filter
for all fine-grained base soils as defined by the
Unified Soils Oassification System

(5) Sand filters and drains shall not contain an
excess of 4 percent of the material by weight
passing the #200 sieve size. This wll assure
sufficient drain perneability.

(6) Ganular filters nmust be constructed of hard,
durable mneral particles, which are not subject to
excessive Dbreakdown under repeated cycles of
wetting and drying.

(7) Perforated or slotted drain pipes may be used
to collect and renove seepage fromgranular filters
and drains. Underdrains and collection pipes nust
be constructed of non-corrosive materials. Slots
and perforations shall be sized according to SCS
Soil Mechanics Note No. 1, 1986 or the U S. Bureau
of Reclamation Design of Small Dans 3rd Edition.

Sufficient open area of perforations or slots shal

be provided to handle anticipated seepage rates

22

I'1-22



K.
be pr

with mnimal head | oss across the opening.

(8) Ganular envel opes around perforated or
slotted drain pipe nust have a m ni mum di nensi on of
6 inches of drain material around the outside of
the pipe. The maxinmum particle size shall not
exceed 1/2 inch unless the envel ope thickness is
increased at the rate of one foot per inch of
maxi mum particl e size.

(9) Ceotextiles shall not be used as filters in an
area where they are not readily accessible and
replaceable in a safe manner. In areas where
geotextiles may be used, their design nust conform
to the «current industry state-of-the-art wth
respect to material properties, filtering ability,
pernmeability, and clogging criteria. An avail abl e
reference is SCS Technical Note No. 30, 1990.

Sl ope Protection - The enbanknent and groins nust
ot ect ed agai nst external erosion.

(1) Rock riprap shall be well graded, durable, and
adequately sized to wthstand anticipated wave
action. Wave analysis shall be based on factors
such as wind velocity, wind direction, fetch, and
sl ope angl e.

(a) Wave characteristics may be determned
fromreferences such as:

Corps of Engi neers, Engi neering Techni cal
Letter ETL 1110-2-221, "Wave Runup and
Wnd Setup on Reservoir Enbanknents,™
Nov., 1976, or

U S Bureau  of Recl amati on  ACER
Technical Menorandum No. 2 "Freeboard
Criteria and Q@uidelines for Conputing
Freeboard Al lowances for Storage Dans"
Decenber 1981., or

U S Soi | Conservati on Servi ce,
Engi neeri ng Techni cal Rel ease No. 69, My
24, 1983.

(b) R prap stone and size and required |ayer
thickness nmay be determ ned from references
such as:
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Earth and Earth-Rock Dans by Sherard,
et.al., 1963, or

U S Soi | Conservati on Servi ce,
Engi neeri ng Techni cal Rel ease No. 69, My
24, 1983.

(c) In general, maxinmum rock size shall be
about 1.5 times the average rock size, and the
| ayer thickness shall be equal to or slightly
larger than the nmaxi num rock size. Anmong
other references, standard gradations and
beddi ng thickness for different average rock
sizes nmay be obtained from US  Soil
Conservation Service, Technical Release No.
69, My 24, 1983.

(2) Rprap nust be placed on a well-graded,
pervious sand and gravel beddi ng. Use of
geotextile fabric directly beneath the riprap is
not recomended, due to puncture and tearing
probl ens. However, the geotextile fabric may be
used under a suitable bedding which protects the
fabric during installation. R prap bedding shoul d
consist primarily of gravel, ranging from coarse
sand to coarse gravel. Bedding should not include
fine sand or nore than 4% m nus 200 sieve.

(3) Alternative met hods of upstream sl ope
protection wmay be used where warranted or
desi rabl e, and when properly desi gned and
construct ed. Soil cenment shall conform to the
design and construction criteria of the Portland
Cenment  Associ ati on. QG her proposed neans of
upstream slope protection will be evaluated on a
case- by- case basis.

(4) Downstream slopes and groins shall be

protected from erosion caused by surface runoff.
Downstream slope protection wusually consists of
seeding native grasses into a topsoil placed on the
sl ope, al though alternative nethods, such as
erosion blankets or arnoring with rock, nmay be
used.

The dam crest shall be accessible by equi pnent and

vehicles for energency operations and naintenance. A
wearing surface, such as road base material or asphalt

shal |

be provided to prevent rutting of the crest.
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5. Concrete Dans: The design of Concrete, Roller Conpacted
Concrete or Soil Cenent dans are not discussed in this guide at
this tine. It is suggested the design engineer seek current
ref erences on the subject.
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D. SPI LLWAY DESI GN CONSI DERATI ONS: Spillways are the safety

relief

valves for reservoir dans. They should be capable of

passing and w thstanding the sustained forces of the inflow design
fl ood w thout causi ng unaccept abl e danage.

1

Ceneral Polices

a. Over -t he-enbanknent spillways are discouraged for
new construction because of settlenent problens, however
they will be considered on a case by case basis when a
spillway cannot be reasonably built el sewhere.

b. Pipe or conduit spillways, which serve as the only
spillway for the dam are discouraged unless the design
storm can be conpletely retained within the reservoir
and the wungated pipe should be able to drawdown the
reservoir water surface |evel enough within seven days
to safely store a 100-year storm The m ni num sized pipe
or conduit should not be Iless than 30 inches.

Exceptions will be considered on a case by case basis.

C. Spil lway Right-O-Way: The owner nust either own
or have an easenent for the spillway channel down to the
natural channel including the stilling basin. I n cases
where the spillway discharges into an adjacent drainage
basin thereby increasing the natural flow, the dam owner
must own or possess a R ght-O-Way easenent in the flood
channel downstream to the l|ocation where the naxi num
di scharge would no |onger create additional significant
damage.

Desi gn Consi der ati ons:

a. The design of the spillway and channel protection
shall be based on the duration and volune of the
frequent flows. Earth spillways shall be protected from
frequent flow by a service spillway that carries the
majority of reservoir inflows.

b. The reservoir and dam shall be safe during al
ranges of spillway operation flow

C. Spi |l I ways subject to snow and ice conditions shall
be eval uated for bl ockage during the spring. Placing the
spillway on the sunny side of the reservoir or
m nimzing snow drift devel opnment can help mtigate the
probl em Potential for weathering of the approach
channel, chute and energy dissipation system should be
consi dered and appropriate protection provided.
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3

d. Spillway flow control should be stable at a fixed
| ocation and should not beconme subnerged by downstream
conditions during any discharge. In addition, the shape
of the weir should be designed to prevent excessive
negative pressures on the downstreamface of the weir.

e. Al spillway channels not protected by concrete
l[ining or in sound rock shall have concrete erosion
control beans across the channel. An analysis of "bulk

length" as developed by the US  Soil Conservation
Service in TR-052 "A Quide for Design an Layout of Earth
Emergency Spillways as Part of Energency Spillways
Systens for Earth Dans" shall be used to justify the
unprotected spillway design

f. Channels shall be designed to either elimnate
standing or cross-wave problens or have sufficient
freeboard to contain the flow Usual freeboard is 3 to
6 feet above the maximum expected discharge water
surf ace.

h. For extrene concrete channel velocities approaching
100 feet per second, special designs to mtigate channel
cavitation are required.

i Log boons shall be installed where |ogs and other
debris may Dblock spillway flow or danage spillway
structures.

Term nal Structures: Cenerally, the increased flow

vel oci ties For spilTways nust be dissipated. The decision whether
to dissipate the spillway energy for the maxi num discharge is a

financi al one. Below are |isted sone guidance when considering
full capacity protection:
a. The spillway and channel nust be |ocated away from
the dam and termnate far enough downstream to prevent
erosion of the dam and appurtenances. The natural

4

channel below the spillway should not experience
significant damage beyond that which would occur had the
dam not been built.

b. Wil e energy dissipators do not need to be desi gned
to control 100 percent of the maxi num discharge, the
structures and dam nust be capable of w thstanding the
forces fromthe full spillway di scharge capacity.

Fuse plugs and "Hydroplus Systens" (Trade WMark):

Erodi bl e section or dunmp type spillways shall be designed using

| ncr enent al

above.

Damage Analysis criteria outlined in Section 11-B-3
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E

QUTLET DESI GN CONSI DERATI ONS:

1

Qutl et capacity requirenents:

a. Emergency rel ease requirenents for all dass | dans
is based on lowering the water surface elevation 5 feet
in 5 days beginning at the high water line. Qher { ass
of dans shall be designed using the sane criteria.

b. Qutlets shall be capable of passing inflow to the
reservoir with a mninmum of ten feet of head, in order
to neet the demands of downstream senior water rights,
and shall include the owner's reservoir release
requirenments. It is recommended that the reservoir
inflow rate should be at least the nean annual peak
flow The State D vision Engineer has final approval of
the required admnistrative outlet capacity.

Qutl et Design consi derations:

a. Qutlet size and capacity could be controlled by the
need to by-pass the stream flow during construction.
This option should not be overlooked in the design and
pl anni ng phase.

b. Qutlets are costly structures and are often
difficult and very expensive to replace or repair.
Design capacities, equipnment and nmaterials should be

carefully considered to attain the |[|ongest life
possi bl e.
C. Qutlets shall have trash racks unless excepted by

the State Engi neer for good cause shown.

(1) For trash racks that are not accessible for
cleaning, the maximum velocity through the rack
should be limted to 2 feet per second. If the
rack is accessible for cleaning the velocity may
approach 5 feet per second however vibrations may
becone a probl em

(2) Trash racks shall be structurally designed for
a loading condition of 25 percent of the maxi num
reservoir head.

(3) Trash racks may be elimnated when the basin
is free fromtrees and other heavy brush that may
cause clogging of the outlet system Trash racks

shall be required when the reservoir becones
accessible to the public.
d. Except for ungated outlets on flood control dans,
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all new dans shall have operating, guard gates, or
bul khead provisions installed at the upstream end of the
condui t. Qutlet intakes that are being replaced shall
i ncl ude new guard gate systens designed and install ed.

e. Al principal outlets that are tied to transm ssion
pi pelines shall have a by-pass or blowff valve that
will neet the outlet capacity requirenents discussed in

E. 1 above.

f. Al outlets shall have energy dissipators, plunge
basins, or have adequate riprap to prevent undesirable
erosi on of the surroundi ng structures.

g. When pipe velocities exceed 50 feet per second,
special attention shall be given to cavitation.

h. Air venting of the outlet should be considered to
prevent vibrations caused by surging and for mtigation
of cavitation.

i Qutlet <conduits shall have anti-piping control
systens. This may include anti-seep (cut-off) collars,
Soil Conservation Service sand collars, or installation
of a filter envel ope along the downstream portion of the
outl et pipe.

] - Qutlet systenms that use hydraulic controls shal
have multiple backup lines or systens to ensure they
will be operable. Hydraulic lines should be installed

in buried or encased conduits to allow easy replacenent
and mnimze potential for danmage.

K. For outlet gates and equipnent that operate by
electricity, accessible standby generators nust be
avai |l abl e and periodically tested.

l. Al pressure flow pipes within danms nust be shop
tested by the manufacturer at a hydrostatic pressure
equivalent to 1 1/2 tinmes the operating pressure. After
installation, the pipe and joints shall be tested for
| eakage. The |eakage test procedure should neet the
Anerican Water Wrks Association standard for the design
pressure.
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F. RESERVAO R AND AREA

1. Seepage: Leakage through the reservoir abutnments and
downstream channel may be detrinental to the valley wall stability.
In sone cases, the |eakage nmay be desirable as a contribution to
m ni mrum stream flows, or it may provide ground water recharge for
other inportant works. In any case, the effects of reservoir
| eakage need to be thoroughly investigated and the adverse effects
m ti gat ed.

2. Reservoir Slides: Local soil and rock mass stability
must be evaluated to assure that the reservoir water |evels do not
cause the nass to becone unstabl e.

a. Reservoir perinmeter slides nmay be caused by
| ubrication or | oweri ng i nt er nal strength
characteristics of the soil mass by the rapid rise and
lowering of the water level in the reservoir, or by wave
erosi on undercutting banks and sl opes. Consequences of
a | andmass slide coul d be:

(1) Sudden release of a large soil and rock nass
into the reservoir basin causing |large waves that
could overtop and breach the dam

(2) Slow sliding nasses that wll reduce the
reservoir capacity causing overtopping, or possibly
plugging or inundating the outlet works. When

sliding is directed onto the damitself deformation
and cracking of the dam and structures may occur.

b. Leakage into the reservoir basin and rim may
activate local faults and increase the frequency and
magni tude of seismc activity.

3. Reservoir Site ( eaning: The reservoir basin shall be
cleared of Toose Togs and debris to mnimze the effects on the
trashracks and spillway during first filling.

4. Reservoir Rights-of-\Vay: The design of reservoir dans

or enlargenents nust assure that private property, exclusive of
marina type structures within the flood stage zone, is not danaged
during flooding. This may be acconplished by either direct
ownershi p or ownership of a fl oodway easenent.

5. Accessibility to Dam The dam crest and appurtenant
structures shall be accessible by equi pnent and vehicles during an
ener gency. Spillways and outlets especially shall be accessible,
and wherever possible, alternate access routes shoul d be provided.
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G WATER DI VERSION CONTROL PLANS: The responsibility for
di version and control of the streamor river during construction is
generally the responsibility of the contractor. However the design
engi neer wusually provides information concerning the frequency of
stream flow levels and often proposes a control plan for
consideration. Because the coffer damis generally included in the
dam enbanknent the design engineer and the State Engi neer have an
interest in the construction and design of the diversion structure.

Under Rule 9.A (3) the State Engi neer nust approve the diversion
control plan

1. Diversion and Control: Diversion and control of a
stream or river 1s a high risk operation if a coffer dam is
required. Factors to consider in the design include:

a. Risk of failure to the Ilives of workers and
resi dents downstream

b. Length of time the risk will exist.

C. Cost of equi pnment down tinme while the flood passes,

cost of clean up, and the cost of reconstruction.

2. Desi gn Consi derations: The diversion structure shall be
designed for a mninmum of a 25-year flood event if failure is
expected to cause loss of life. The design engineer shall provide
recommended procedures for diversion and control of the stream if
the diversion structure is to be incorporated in the dam I n any
case, the design docunents shall contain infornmati on concerning the
magni t ude and frequency of predicted floods during construction.

3. Approval of Pl an: The contractor's flood protection
plan for dass | and dass Il dans shall be prepared by
prof essi onal engi neer and approved by the State Engineer prior to
begi nning the construction for diversion.
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H. | NSTRUVENTATI ON PLAN

1. Pur pose: I nstrunentation devices are used to nonitor
the performance of a dam over tine. Accordingly, the State
Engi neer requires a plan for instrunentation and schedules for the
periodic neasurenent, eval uati on, and reporting of a dans
performance. A recommended reference for the design and neasurenent
of instrunmentation is Chapter 12 of the Col orado Dam Safety Manual,
1983 or Ceot echni cal I nstrunentation of Monitoring Field
Per f ormance, John Dunnicliff, WIley-Interscience Publication, 1988.

2. Requi red I nstrunentation: Planning for instrunentation
requires a know edge of the design and predicted behavior of the
dam and an estimate of the precision required for each device to be
installed. Special instrunmentation or additional requirenments wll
be directed on a case by case basis and would only be required in
situations where unusual conditions exist. The follow ng tables
show the m nimum instrunentation normally required for the various
classifications of dans for both new enlarged dans and existing
dans:

FIGURE Il -6
| NSTRUVENTATI ON REQUI REMENTS
FOR NEW AND ENLARGED DAMS

d ass d ass d ass d ass
| nstrunent ati on [ [ [11 IV
Sur f ace Movenment Monunents X X X
Seepage Measurenent Weirs X X X
Gage Rods X X X X
Pi ezonet ers X X
100 Foot Station Markers X X
Stream Measuring Fl unes As Required by the State Engi neer
FIGURE Il -7

| NSTRUVENTATI ON REQUI REMENTS
FOR EXI STI NG DAV

d ass d ass d ass d ass
| nst runent ati on I I 1] Y
Surface Mywvenent Mnunents X
Seepage Measurenent Weirs X X X
Gage Rods X X X X
Pi ezoneters As Required by the State Engi neer
100 Foot Station Markers As Required by the State Engi neer
Stream Measuring Fl unes As Required by the State Engi neer
3. Design Criteria: I nstruments shall be designed to be
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long lasting, or easily replaceable so that Ilittle or no
correlation between old and new data is required. The follow ng
m ni nrum st andards are required by the State Engi neer:

a. Surface novenent nonunents nust be permanent and be
periodically nonitored by precise survey instrunents.
To prevent disturbance by surface inpacts, frost action,
or vandalism it is strongly recommended that the upper
portion of the nonunent be encased in a |arger steel or
concrete pipe. Location of nonunents should be at the
maxi mum section and spaced at such intervals such that
the performance of the dam can be neasured. The design
engi neer shall recomend nonunent |ocations based upon
dam design, foundation conditions, potential of abutnent
slide ar eas and ot her | ocati ons t hat war r ant
observati on.

b. Drai nage or seepage neasurenent weirs shall be
permanent and installed to prevent water from flow ng
around or under the weir. The weirs shall be constructed
to neet appropriate standards for measurenent devices
simlar to those defined in the USBR Water Measurenent
Manual . Deviations from standards wll require
calibration and acceptance by the State Engineer. It is
intended that the weir approach basins be designed to
allow visual inspection of the water flowing from the
source in order to detect whether soil particles are
carried in the discharge.

C. Gage rods shall be installed in the proximty of
the outlet on all danms. The zero mark of the gage shall
be established as the invert elevation of the entrance
to the lowest outlet. The gage shall be clearly marked
in feet and tenths of feet and extend to within one foot
of the damcrest. If the D vision Engineer requires, the
gage shall be marked in hundredths of a foot. (Gage rods
shall be correlated with the reservoir storage capacity
tabl e and the USGS datum

d. Pi ezoneters are devi ces for nmeasuri ng t he
hydrostatic pressure within a dam Measurenent of the
water level in a piezoneter is generally performed by an
electric sounding device such as an "M Scope or a
dipping tape. The depth to or elevation of the water
surface may be nmade by neasuring the pressure head at an
isolated point in the foundation or by neasuring the
i ntegrated or aver age pressure up through the

enbanknent . Most dans have open standpipe or
observation wells that neasure the average pressure in
t he enbanknent. These well systens are nore durable

than other types of piezoneters, but they respond very
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slowy to <changes in the water level wthin the
i npervious section of the dam The top few feet of each
pi ezoneter should be in a strong encasenent to prevent
equi prent danmage or destruction by vandal s.

e. Station markers shall be installed along the crest
of the dam away from the vehicle traffic |anes. These
markers will allow quick |ocation of a problem area that
can be related to construction drawing records on file.

This information can play an inportant role in quickly
devel oping renedial actions to prevent the failure of
the dam |In addition, the |ocation of nmaintenance itens
can be easily dispatched to a work crew.
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l. MONI TORI NG PLANS: Once the instrunentation is designed a
monitoring plan nust be developed. It shall include the frequency
of nmonitoring, who is responsible for collecting and reporting
nmeasurenents, and provide for the plotting and interpretation of
the results.

1. Pur pose: There are three major reasons to nonitor the
performance of dans and their foundations. They are:

1) To observe the performance of the damin order
to detect abnormal changes early enough to prevent
failure;

2) To determne if the dam is performng as
desi gned; and

3) To inprove scientific know edge of dam
per formance in general.

2. Frequency of Measurenents: Once instrunments are
installed at a dam they need to be systematically neasured
according to an established schedule and as soon as possible after
an unusual events such as an earthquake, heavy flooding, or when
unf oreseen condi ti ons devel op. The schedul e shoul d be based on the
| oadi ng conditions and operation schedule of the reservoir. There
are three basic plans that nust be devel oped.

a. First Filling Plan: The objective of the First

Filling Plan is to provide a close observation and
instrunment nonitoring schedule while the reservoir |evel
is rising for the first tine. The first filling rate

should be slow enough to allow the damto adjust to the
new | oad and seepage forces. Sone dans nmay require each
successive reservoir water level held steady for a week
or two before filling to the next increment. Qhers may
be large enough that the filling rate is normally sl ow.
The plan is the responsibility of the design engineer,
subject to approval of the State Engineer.

b. First Five-Year Pl an: The objectives of an after
construction or first five-year i nstrunentation
nmonitoring plan include the foll ow ng:

(1) Establish baseline historical performance such
as drain discharge rates as a function of reservoir
gage hei ght and enbanknent response tine.

(2) Establish baseline historical perfornmance for

pi ezonet er response versus reservoir gage height.

(3) Evaluate enbanknent settl enent of

consolidation rate after construction versus tine.
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3.

(4 To determne if the dam is performng as
desi gned.

C. Long Term nonitoring Plans: The long term plan
shall be based on the normal operating schedule of the
dam The tinme schedule for reading instrunments shoul d
include the times when the reservoir is at its |owest
and at its nmaxinmum storage. Enbanknent novenent
nonunents are to be read once a year for 5 years then
the interval may be changed to every 5 years provided no
significant novenent occurs.

d. In addition, when reservoirs are over 50% full al

Cass | and dass Il dans nust be nonitored at | east
twice a nonth and Cass |1l danms nust be nonitored at
| east once every three nonths. These periodic
observations should include reading the reservoir gage
level and the drainage weirs as a mninmm These

readi ngs nust be conpared with previous data to detect
any energing or devel oping problenms with the dam

Recording and Reporting Instrunment Readings: The design

engi neer shoul d develop a systemfor and train the owners personnel

in the

proper neasurenent of the instrunents, recording and

reducing the data into a usable form

4.

a. Accur at e nmeasur enment and recor di ng of
instrunentation data cannot be overly enphasized.
Suggested fornms for recording the data are attached to
this section as FIGQJRES [1-8, [11-9, and I11-10 for
Seepage Reading Record, Piezonmeter Reading Record, and
Crest Movenent Survey Record respectively. The forns
shown in the Dam Safety Minual, Ofice of the State
Engi neer, Publication, 1988, can al so be used.

b. The dam owner taking the reading should i mediately
reduce and plot the data on the relevant graphs to see
if the readings nmake any sense or if there are any
anonalies that indicate an energing problem that should
be resolved by an engineer. This wll provide an
opportunity to recheck the data for a reading error or
to take appropriate action.

Anal ysis of data: The data should be reduced and

plotted on appropriate graphs and nalntalned by the owner. These
graphs should be reviewed by the owner's engineer for comment and
sent to the State Engineer annually.
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FIGURE [1-8
FIELD SEEPAGE DATA RECORD

RESERVOIR DATE
COMPANY
WATERDIVISION DAMID
Reservoir Level Outlet Seepage Sta Seepage Sta Remarks
Date Observer

Gage Elevation Flume Discharge Gage Flow Quality Gage Flow Quality

Height (feet) Gage (feet) (cfs) Reading Rate Reading Rate

(feet) (feet) (gpm) (feet) (gpm)
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RESERVOIR
COMPANY

WATER DIVISION

FIELD PIEZOMETER DATA RECORD

FIGURE 11-9

DAMID

DATE

Piezometer No. 1
Station

Offset

El. Top Casing

Piezometer No. 2
Station

Offset

El. Top Casing

Piezometer No. 3
Station

Offset

El. Top Casing

Piezometer No. 4
Station

Offset

El. Top Casing
Total Depth

Reservoir Total Depth Total Depth Total Depth
Date Observer Water Level
(feet)
Depth to Water Depth to Water Depth to Water Depth to Water
Water Elevation Water Elevation Water Elevation Water Elevation
(feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet)
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FIGURE 11-10
FIELD MONUMENT SURVEY DATA RECORD

RESERVOIR DATE
COMPANY
WATER DIVISION DAMID
Initia Survey Data Survey Date Changes
Monument Station
Point
Number
Elev. Coordinates Elev. Coordinates
(ft) (ft) Elev. North East
(ft) (ft) (ft)
North East North East

() () () ()

A positive (+) valuein "Changes' indicates an upward vertical movement or a horizontal movement to the North or East direction.
A negative (-) valuein "Changes' indicates adownward vertica movement or a horizontal movement to the South or West direction.
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J. EMERGENCY PREPAREDNESS PLAN

1. An Energency Preparedness Plan, or EPP, is a formal plan that
identifies potential energency conditions at dam and prescribes the procedures
to be followed to save lives, and mnimze property danage, in the event the
damfails. Despite the efforts to provide for the safety of dans through contro
of design and construction, and periodic safety evaluations of dans, our state
has experienced catastrophic failure of dans. Therefore, it is necessary to be
prepared for reacting to conditions at dans which could lead to their failure.
By pre-planning the coordination of actions by the dam owners and the
responsible local, State and Federal officials, tinely notification, warning
and evacuation can occur which will save lives and m nim ze property danage.

2. Rule 16 fromthe State Engineer's Rules and Regul ations for Dam Safety
and Dam Construction requires that an EPP be prepared for existing dass | and
dass Il dans. 1[In addition, Rule 10, Acceptance of Construction, requires that
a plan be prepared before the State Engineer wll approve these classes of dans
for storage.

3. The State Engineer has provided a "Mdel for Preparing a Dam Safety
Emergency Preparedness Plan" which is used by the owners of dans to prepare
their plans. This docunent is not included in this guideline, however a copy is
available at the Denver Ofice of the State Engineer, and D vision Engineer’s
of fices. The dam owner is encouraged to prepare as nuch of the plan as possible
because it is the process of preparing the plan that hel ps the dam ower to be
prepared for an energency.
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PART 111
CONSTRUCTI ON

A CONSTRUCTI ON QUALI TY CONTRCL

1. Purpose: The extent of the construction control should be the sane for all dans,
however regul ation requirements are based on the size and hazard classification of the dam
Construction quality control which includes observation and naterials testing during
construction cannot be overly enphasized. Preparation of detailed plans and specifications
are only the first-half of the process. The second-half is the task of the construction team
to construct a safe and functional dam according the designer's criteria but nodified as
necessary according to unanticipated conditions that were not identified during the original
site investigation.

2. Construction Schedul e: The construction schedul e requires cooperation anong all
the parties especially in quality control. To facilitate coordination, the regulations
require that no less than 30 days prior to construction, the project engineer shall submt a
general plan for construction observation to the State Engineer for his review and approval .
The State Engineer will provide witten comments and approval within 10 working days. The
construction observation plan includes:

a. The date when construction is expected to begin exclusive of nobilization.

b. The nanes and qualifications of the project engineer and staff in charge of
constructi on.

C. The construction observation schedule. This includes discussion of the
frequency of site visits by the responsible project engineer and staff.
1
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d. An observation plan for an engi neering geol ogi st or geologist to inspect and
observe the exposed foundation and cutoff trench for changed conditi ons.

e. Provisions for the gate manufacture to inspect the installation of the gate
unl ess wai ved by the State Engineer.

f. A list of testing firns and personnel that wll sanple and conduct the
material tests.

: A list of applicable testing processes and standards including the frequency
of tests for each material. Test frequency should be based on the volune of
materials placed that day and a daily mninmum including tests of materials off
site if applicable.

4. Preconstruction Meeting for ass | Dans: Construction of Large, Internedi ate and
Small dass | dans requires close coordination anmong the contractor, design or project
engi neer, quality control engineer, and the office of the State Engineer. To facilitate the
cooperation, the Rules and Regul ations require the project engineer, contractor and the State
Engi neer to neet no |l ess than one week prior to construction. During this neeting, the State
Engineer will discuss the roles of the State Engineer, owner's project engineer, and the
contractor to ensure that the responsibilities and authority relationships are clearly
established. In addition, a tentative list of itens the State Engineer will want to observe
during construction wll be provided including a list of state personnel to contact
concerning any matters of construction. Below are listed the itens that should be avail able
at the preconstruction neeting:

a. Proj ect engineer's construction quality control plan

b. Contractor's diversion and care of stream plan

C. Proj ect engineer's periodic reporting of construction plan.

d. State Engineer's List of inspection itens & contacts

e. Contractors energency preparedness and construction safety plan (recomended)
2
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Cass Il and dass IlIl Danms: The quality control requirenments for these dans are

significantly relaxed. The requirenments for all dans are tabulated on Table I11-1
Construction Control & Reporting Requirenent, however the Rules and Regul ations
for Dam Safety and Dam Construction - "Rule 9- Construction Quality Control"

provides a nore detailed discussion of the requirenents.
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FIGURE I11-1
CONSTRUCTION CONTROL & REPORTING REQUIREMENTS

Size of Dams. L = Large, | = Intermediate, S= Small, M = Minor

HAZARD CLASS CLASSI CLASSII CLASSIII CLASS IV
"""" SZE
L | S M L | S M L | S M L | S
1 Engineer Construction Plan- 30 days before construction X X X 1 1 1 1 1 1 1 1 2 2 2 2
2 State Engineer comments on plan due 10 working days X X X
after of plan
3 Preconstruction meeting 7 days prior construction X X X
Diversion and Care of Stream Plan Required X X X
Contractor Construction Control Plan X X X
4 Maintain Construction Records X X X X X X X X X X X
5 Periodic Progress Report X X X X X X X X X X X
6 5 Day notice to State Engineer of key Inspection Items
such as cutoff trench, etc. X X X X X X X
7 10 Day notice to State Engineer of Final Inspection X X X X X X X X X X X X X X X
8 Final Construction Report and Completion Documents
(per Rule 10) X X X X X X X X X X X X X X X

x indicates a required activity for the hazard class and size of structure.
1 indicates a shorter than 30 day advance notice of construction maybe allowed.
2 indicates a notice of construction is required.



B. ROLE OF ENG NEERS DURI NG CONSTRUCTI ON

1. State Engineer: The State Engineer's function is to
assure that downstream properties and lives are safe from the dam
during construction and to assure the work is in conpliance with
approved plans and specifications. This is acconplished through the
oversight of the owner's project engineer by the State Engi neer as
fol | ows:

a. Construction observations

b. Revi ew of construction progress reports

C. Revi ew and approval of change orders

d. D scussions with the owner's project engineer

e Performance of a final inspection at the conpletion

of the project to verify that the construction has been
conpl eted as approved and to nmake a determ nation of the
saf e storage |evel

2. Project Engineer: The owner's project engineer has the
primary responsibility to assure construction quality and
conpliance wth approved plans and specifications. Thi s

responsibility cannot be del egated. To nmeet this responsibility
t he project engineer provides the follow ng:

a. Adequate observation and testing to assure
conpliance with approved plans and specifications.

b. (bservation of site conditions and any changes as
it relates to the approved plans and specifications.

C. Prepare change orders as necessary to accommodate
differing site conditions or ot her unanti ci pat ed
pr obl ens.

d. Provide authoritative presence on-site to nmake

technical decisions and provide intra-organizational
coordi nati on.

e. Provi de engi neering judgenent at the damsite.

f. Docunentation of construction including periodic
progress reports:

(1) Description of construction progress, weather
conditions, problens encountered, resolution of
probl ens, etc.
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(2) Record a summary of test results for the

period (Proctor density soil tests, insitu soi
density tests, concrete cylinder breaks, aggregate
tests, perti nent i nst runent r eadi ngs, out |l et

conduit pressure test results, etc.)
(3) Representative photos of the work perforned

during the nonth. (May be color copies such as
Xer ox.)
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C END OF CONSTRUCTI ON AND DOCUMENTATI ON

1. Fi nal | nspection Schedul e: The project engineer shall
provide no lTess than 10 days notice to the State Engi neer of the
date of the Final Construction |Inspection.

2. Project dose Qut and Docunentation: After the final
construction inspection has taken place and all corrected
di screpancies are conpleted, the project engineer shall conplete
the foll ow ng:

a. Provide a witten letter to the State Engineer
indicating that the project is conplete and in genera
conports with the approved plans, specifications and
change orders.

b. Prepare " AS- CONSTRUCTED" dr awi ngs at t he
conpletion of the project which includes a set of high
quality nylar drawings and a set of paper prints all
nmeeting the requirenents of Rule 5 in both form and
cont ent.

C. Conplete and file a final construction report which
includes a list of design and construction changes,
summaries of materials testing results and geologic
observati ons, phot ographs showing the sequence of
construction, a discussion of problens encountered and
solutions used to correct the problens.

d. Provide a record of the location of pernmanent
nmonunents and instrunentation as well as initial surveys
and readings, if required.

e. Assure a schedule for nonitoring the first filling
of the reservoir, approved by the State Engineer,
includes filling rates, elevations to hold water |evels

for observation, and a schedule for inspecting and
monitoring the instrumentation during this period.

f. Assure a long term Instrunmentation and Monitoring
Pl an, accepted by the State Engineer, cont ai ns
provisions for the engineer to review the nonitoring of
instrunentation and performance of the dam for a period
of at least 5 years. The renmaining nonitoring schedul e
shall be in conformance with Rule 15.C (2) and (3).

g. An Energency Preparedness Plan, if required, nmnust
be approved by the State Engi neer before the damis
placed into service. A separate guide "Quideline
for Preparing a Dam Safety Energency Preparedness
Plan" is available at the Ofice of the State
Engi neer.

7

F11-7



REFERENCES

Anerican Society for Testing Materials, Annual Book of
Standards, Section 04.08 Soil and Rock, Building
St ones, Phil adel phia, PA

Col orado, Rules and Regul ations for Dam Safety and Dam
Construction (Septenber 30, 1988).

Cudworth, A G, Flood Hydrol ogy Manual, Bureau of Reclamati on,
United States Departnent of the Interior, Denver, CO, US
CGovernnment Printing Ofice, 1989.

Fread, D. L., 1982. "DAMBRK The NW5 dam break flood forcasting
nmodel . " Hydrol ogic Research Laboratory, National Wather Service,
Silver Spring, MD., 56 p.

Fread, D. L., January 1985. "Breach: An Erosion Mdel for Earthen
Dam Failures". Hydrol ogic Research Laboratory, National
Weat her Service, Silver Spring, MD., 34 p.

Hansen, EE. M, F. K Schwarz, and J. T. Ri edel, Probable Maxi num
Precipitation Estinmates, Colorado R ver and G eat Basin
Dr ai nages, Hydr onet eor ol ogi cal Report No.49, National
Weather Service, National GCceanic and At nospheric
Adm ni stration, Departnent of Commerce, Wshington, DC.,
U S. CGovernnment Printing Ofice, 1977.

Hansen, EE M, L. C Schreiner and J. F. Mller, Application of
Pr obabl e Maxi num Precipitation Estinmates-United States East of the
105th Meridi an, Hydroneteorol ogi cal Report No. 52, National Wather
Servi ce, Nat i onal Cceani c and Atnospheric Admnistration,
Departnent of Commerce, Wshington, DC, U S Governnent Printing
Ofice, 1982

Hydrol ogi ¢ Engi neering Center, HEC 1 Fl ood Hydrograph Package,
Users Manual, US Arny Corps of Engineers, Davis,
Calif., US Government Printing Ofice, 1990.

Jansen, Robert B., ed. Advanced Dam Engi neering for Design,
Construction, And Rehabilitation, New York: Van Nostrand
Rei nhol d, 1988.

Mller, J. F., E M Hansen, D.D. Fenn, L.D. Schreiner, and D.T.
Jensen, Probable Maxi num Precipitation Estinmates-United
States Between the Continental Dvide and the 103rd
Mer i di an, Hydr onet eor ol ogi cal Report No. 55A, National
Weat her  Servi ce, Nat i onal Cceanic and At nospheric
Adm ni stration, Departnment of Commerce, Wshington, DC,
U S. CGovernnment Printing Ofice, June 1988.

8

I11-8



Mller, J. F., R H Frederick, R J. Tracy, Precipitation
Frequency Atlas of the Wstern United States,
Volune T11-Colorado : NOAA ATLAS 2, National Wather
Ser vi ce, Nat i onal Cceani c and At nospheri c
Adm ni strati on, Departnment of Commerce, Washington,
DC U S. Governnment Printing Ofice 1973.

Scherard, James L., Richard J. Wodward, Stanley F. G zi enski,
and WIlliam A devenger, Earth and Earth-Rock
Dans, WIley and Sons, 1963.

Schreiner, L. C, and J. T. R edel, Probable Maxi num Precipitation
Estimates-United States East of the 105 th Meridi an,
Hydroneteorol ogical Report No. 51, National Wather
Servi ce, Nat i onal Cceani c and At nospheri c
Adm ni stration, Departnment of Commerce, Silver Springs,
MD, U S. Governnent Printing Ofice, 1978.

U S Departnment of GCommerce, National GCceanic and Atnospheric
Adm ni stration, National Wather Service, Preci pi tati on- Frequency

Atlas of the Western States, Volune II1-Colorado, Silver Springs,

MD, 1973

U S. Departnent of the Interior, Bureau of Reclanation, Design of
Arch Dans, Washington, D.C, CGovernnent Printing Ofice,
1977.

U S. Departnent of the Interior, Bureau of Reclanation, Design of
Gavity Dans, Wshington, D.C, Governnment Printing
Ofice, 1976.

U S. Departnent of the Interior, Bureau of Reclanation, Design of
Small Dans. 2nd ed., Wshington, D.C, Governnent
Printing Ofice,1973; (revised reprint, Washington D.C,
CGovernnment Printing Ofice, 1977.)

U S. Departnent of the Interior, Bureau of Reclanation, Design of
Small Dans. 3rd ed., Wshington, D C, Governnent
Printing Ofice, 1987

U. S. Departnent of the Interior, Bureau of Reclamation, ACER

Techni cal Menorandum No. 6, "Quidlines For Determ ning Wether
Normally Tnundated Qutlet Wrks Features Should Be Exam ned",
Washi ngton, D.C., Government Printing Ofice, 1985.

United States Water Resources Council, Quidelines for Determ ning
Fl ood Fl ow Frequencies, Bulletin # 17B of the Hydrol ogy
Subcomm ttee, (Revised Edition) March 1982.

I11-9



