City of - llbuquergque

PO A0 1293 ALBUCLIERILE, KEW MEIXILO BT

May 13, 1991

Mr. Cleve Matthews

Land Dperaticns Manager

Pazeo del Herte Joint Venture
10 Tramway Loop, TE
Albuguerque, New Mexiea ET71I2

RE: TRACT H-28-A CRAINAGE REQUIREMENTS
{C-12/D1 PLATE 4, RECEIVED 2/28/86)

Terar Mr Hatthews:

The follewing is a brief overview of the dralnage concept for Tract H-ZIB-A per
the Riverview Master Dralrape plan. he master plan identlfled two on-site
ponds, one of which is te be located at the east end of this tract with an
cutlet to the storm draln in Golf Course Road. The second pond is propesed
alpng Taylor Ranch Drive with 1its discharge into the Mariposa system. This
cencept includes the acceptance and conveyance of flowa from the Mlsslon Eldpe
Subhdivisgicn theu this site.

Please be advised, eny revisions to this concept will reguire vpdating of the
Eiverview Master Dralpage Flan.

I hope this letter provides you with the information veu reguested regarding
the draipnzge concept for Tract H-28-4.

T fj | .f:.:ia.,w

-

Einrerely, fﬁ:,fffq

bYW
“Fred J. Agwlreree !
Hydrologist
FIA
(WE+266E)
RFUBLIC WORKES CEPARTMENT
wiatar Fl Mickeresn, Jr . P E EMGINEERING GROWIF Tisephone (505 7GR 2500

Assistan] Dirpcior Pubilic Works

Al EQUAL OPPORTUNITY EMPLOYER =



City of « llbuquerque

POBCK 1293 ALBUCUERIJUE. WEWMEXILD BMAS

July 5, 1949
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CEETIFICATE OF COMFLETICH ARD ACCEPTANCE HYCROLOGY SECTIOM

Mr. Bob Evals

Bellemeh Cormunlty Developzent
121 Indian School Roed HL.E.
Albugquergue, A ET1LO

RE: PREOJECT HO. 3435, GOLF COURSE RCAD/PASED DEL NORTE, (MAP HO . =E=4as

Dear Mr. Eyala:

This i3 to certify that the City of Albuguergue accepts Project Ho. 2435 as
teing completed accordlng to approved plena and cenatruction specifications.
1f 81l required right-of-ways and/or easezents have been dedicated, the Clty
of Albuguerque will accept for continucus malntenance all public
infrastructure lmprovements constructed as part of Project Mo, 3435

The project 1s described as followa:

- Installatlon of water, sewer and storm sewer between Calle Heortena and
Fases Pel Horte on Golf Course Road, Constructed crossing structure
and channel station acrcsas the Pledras Marcadas at Galf Course Faad.
Pavipng and curb and gutter between Calle Hortena and Pagec Del HAorte cn
Golf Cour=ze Road.

- The contractor's warranty began on April 24, 1989 and will be effective
for & pericd of cpne (1) year.

Sincerely,

*3 aéff:;?ffij -
.‘«M/-;—--f’”"*

Eussell B. Givler, F.E.
Chief Congtructicn Eanglineer
Construction Mgmt. Division
Engineering Group

Publirc Works [epartment

K\

RBEG:kt

m——— AN EQUAL OPFORTUMITY EMPLOYER
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City of . lbuquerqgue

P.O.BOX 1293 ALBUCUERQUEL, MEWMERICOBMIO]

ALBUTLERECE

Nik o MENICD

June 1%, 1989 |

v CERTIFICATE OF COMPLETION AND ACCEPTANGE  |[{y100 -y =r

Mr. Oovg Beymolds

Bellamah Commumity Development
F.4. Bex 3300

Albugquergue, WM 87190

EE: FROJECT WO. 2850, RIVERVIEW RCADS/PASEQ DEL RORTE, (MAF NO. C-11, 12)

Dear Mr. Ryals:

This is to certify that the City of Albugquerque accepta Proeject No. 2850 as
belng completed according to approved plans and constructien speciflcations.
If all requlred right-of-ways and/or easementz have been dedicated, the Clty
of Albuguerque will accept for continueus maintenance all public
Infrastructure improvements constructed aa part of Profect Mo. ZESO. If the
required right-of-ways and/or esgements have not been dedicated, the City of
Albugquerque eannot accept the project for continuous malntenance and sald
maintenance will be the responsibllity of the developer.

The project s described as follows:

- Flaced paving and curb and gutter on north slde of Paseo Del Horte
becween Golf Course Road and Eagle Ranch Dr. Flaced storm draln at
Paseo Del Rorte and future collector. FPlaced sewer and water at Faseo
Del Horte and future collector.

- The contractor’s warranty beglns the date of this letter and will be
effective for a period of cne (1) year.

Fuasell B. Givler, P.E.
Chief Comstruction Englpeer
Construction Mgmt. Dlvi=zion
Engineering Group

Fublic Works Department

EEG:kt

el E: g
suihﬂﬂtﬁﬂggfﬂ ) L e

AMEQUAL OFFORATUNITY EMPLOYER



City of Albugquerque

PO, BCX 1233 ALBUQUERCUE, NEWMEXICO B7103

KE SCIMETE Hovenber 28, 19843

hil& TR

Michael Yost

Community Sciences Corporation, Inc.
Fogt Dffice Box 1328

Corrales, New Mexico BJD4B

RE: TRAINER DYEES FDE MAIN BREANCH OF PIEDRAS MARCADAS
AWD PASED DEL WNORTE (C-12/D1) RECEIVED AUCUST 30, 1938

Dear Mr. Yoat:

I have reviewed the proposed trainer dyke scheme of transitioning
hiztoric off-site [lows within the City's right-cf-way and agree thak
thiz concept is feasible. However, the major issues with thisz coneept iz
the compatibility of this scheme with Transportatleon tequlrements and
recreaktional requirements; hence, I tecommend that you contact the
Tranzportation Divizion to determine their position on this scheme.
Flease keep thls offlce informed of your findings.

1f this concept iz in accord with Transpoctation requirements, the
following information wlll be requiced prior to DREC submittal to approve

this trainer dyke concept.

Wa will need detalled drawicgs of the trainer dykes. Also, the water
surface will have to be shown at the traiper dyke area. We will need
calculations for the water sucface and speclficationz for the trainer
dykes. Easements will be reguiced if wpstream propertles acre impacted by
the Lrainer dykes.

Should you have any questions, please call me at TeB-2650.
Cordially,

. :

(e by 7

- Carlez A, Montoya, P.E.
City/County Floodplain Administrator

CAM s ]
(WE+372)

¥c:  Adelia Kearmey
Jotn Winton
C. Dwayne Sheppartd
Bave larman

i AN ECUAL OPPORTUNITY EMPLOYER
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February 24, L9E8

Mike Yast

Community Scilences Corporation

PO, Box 1328

Corrales, Hew Hexico BYD43

RE: South BranchePiedras Hascadag drmaya, City Profect 3457

Dear Mr. Yast:

AMAFCA approves the enecgy dlssipator design depicted on sheec
7 ehiraugh 10 of subject plans.

¥a license frem the City will be required, because AMAFCA's
Pipdrag Marcadas Dam exists for the purpose of accepting

gtorm wAter

You may present this letter to the DRC as our acceptance of
the design.

Sincerely,
o S
f"*"‘fﬁ Like

La::y.ﬁlair
Field Engincer

LB/s

b o)



Cily f;}‘ IH HguUerque

-y :I

- . - A0, oL}
PO, BOX 1293 ACHE, MEW MEXRICO B3 G3

e
it J-.Ll.rl. iy hem

Ken Schultz

petcher 27, 1987

Doug Reynolds

Bellaman Cormunity Development
Fost DOFEice Bax 3300
Albuguesque, Hew Mexico B7194

RE: ERIVERVIEW SECTCR PLAX

z for yaur project, the gtatus of GolEf Course Roa
iadrag Harcadas Accoyo/Paseo Cel Hothie Boad crassing

i
L

HITTLE BEANCH/PASED DEL HORTE
In our meebing of June 3, 1937, wa agrezed kthat:

1. Ballaman would submit a plan showing gongtruction,
eagsements, property lines, ekc., for the trainer dykes,

review the plansg and identify Lhose parcels

2. The City will
gt be purchased.

which mus

3. Bellag=mah will provide a legal deseription and appraisal
far tha parcel before the CITY will make an affer to the
progerty cwner for the parcel.

<tems 1 and ? have heen completed. We kave peviewed the concepkual design aof

the trainer dyke at Paseo Del Hotie and the lezal deseriptien of the cff-site

pooperty.  We concur to the loeation and size of the latter. The propecty

acpraisal is mow all that 15 rapded to make an offer to the propecty owner.

Pipase have an appraisal made and forwa=d it to us for review and foco making

an offer. It iz ioportanc that you be aware cf the following requlrements:

PUEBLIC WORHS DEPARTMENT

Gecrge E. Selvia; P.E, EMGIMEERING GRCOUA Telesnona 1505 T83-2500
Asngizzant Direstor Public Warka




Coug Reymaolds
Qckober 27, 1987
Papge 2

= The Gity must quallfy the appraliserc usaed by Ballamah
Community Develeooment. I Suggest that BCD subkmit a list
of progpective professicnal appraisers to us for review
and quatification. The C

ity, however, iz mot cbligated to
accept the list of appraisers submitted by BCD,
ha City needs to review the instructions to the appralser
rnd the material provided to him by BCD.  The fnsbructlons
hould inelude, at a minimum, a plat showing toe Eotal
swnership before the bzking, tagether withh the part kaken,
and the remaining propecty.

o omol

e« The Cikty resecves the right of review cof the cenpleted
appraisals prloc to acceptiance.
The purmosa of these restrictions 1s to ensure that the zppraisal will hald
in courck.

GOLF CCUBSE EROAD
We agread that:

1. Bellamah would prepace a legal deseription of the
right-of-way needad thoough chuceh property and khrough
M propaecty.

7. GCecrge Meador will wse that information to initiate
dizruesiong with the chureh and UM

4. Bellamsh will provide a drawing of the intecsectlion of
golf Course Bead and Faradisa Bouleward.

4. Tna Ciky Trafflie Depariment will uvse the drawing to
prepars interseckleon gecmetrics and determine what further
propersy may be needed abt the inkersection.

regm 1 has been completed; item Z is in poopress. e await your
tha intersestipn deawing and remind you that the drainage faszilitles
Caurze Boad have been approved gconceptually.  We understand that Eime i
icpertant to you and urge yeu to have your engineers submikt a Einal des
thie system, ineluding the necessacy mydraulics and hydrology caleulatlons,
before the scheduled DRI review

=]
3



Doug Reynalds
detober 27, 1987
Page 13

If you have any gquestions, or if [ can be of any assistance, please call me at
TER-2526.

Cardially,

G3/bsj

we: Fred Apulcee; Hydcolegy Sectien/UDD/SFUWD
Adella Kearney; Legal Cepartment
Dave Harmon: Transportakbicn-Development Division/FPWD
Gaorpe Meadar; Planning Divisien/PWD
Walt Miekarson; Uillity Develcpment Division/FWD
C. ODwayna Sheppard; Planning Division/FWD
Roland Flateher: Property Management



City of . Albuquerque

PO, BOX 1293 ALBUCUERQUE, NEW MEXICO BTIOD

Ken Schultz UTILITY DEVELOPMENT DIVISION
Mayor HYDROLOGY SECTION
{505) Té8-2650

Septembetr 10, 1987

Doug Heynolds

Bellamah Community Develocpment
Post Offlce Box 3300
Albuquerque, Hew Mexico 87190

RE: ERIVERVIEW OFF-SITE EASEMENT EEQUIREMENTS
(C-12/D1)

Dear Mr. Beynolds:

We have reviewed the referenced topagraphy and easement and concur with
the trainer dike aligoment. The lezal descriptlons should be made as an
exhiblt to a City Standard Easement. Coples of the standard essement can
be obtained from Dalla Gallegos (768-2515). The easemsnt should be
completed and submitted for review by the Cley.

If you have any gquesticns, e¢all me at TEB-2650.
Cordially,
| : Zt
(Vs ) Pk~
Carlos A. Montoya, P.E.
City/County Floocdplain Adminlstcator

CAM/b=j

depromd plan . Ll §-87

PUBLIC WORKS DEPARTMENT

Walter Nickarzan, P_E., Clty Enginear ENGINEERING GROUP Tetephone {55) 763-2500
AN EQUAL OPFORTUNITY EMPLOYER




CITY OF ALBUQUERQUE

ALBUCQUERQUE, NEW MEXICO

INTER-CFFICE CORREZPCMDENCE May 21, 1937 ReF. No. 8THLSL

TO: Gearge Selvia, Asst. Director, Engineering Group, Public Works
Denartment

NV PO SO L S Q.ES\H
FROM: E?~ Dhayn 15?%5} ; ﬁﬁhuger, 1J;Ernlﬂgy-5pctial Prejects, Plarning
Group, Public Works Department

SUBJECT:  EASEMENT OM THE PIEDRAS MARCADAS AT PASED DEL NORTE

Attached is a packapge of materials referred to the Flanning Group for response by
Phil Garcia, City Planner. Upon review of the material and the circumstanees it
appears that the matter more appropriately belongs with the Engineering Growp,
Development Divislon.

The following, resulting from our review, may be useful to you in this regard.

It is not clear to us why this request is being made at this time. The City has
no apparent responsibility to pursue such easement unless BCD has made an actual
v, .pood faith, reasonable effort to cavuse the Easement, with an area and terms
satisfactory to the City, to be granted to the City by the earlier of:

A.  June 30, 1588 or;

B. Within thirty (30) days of the City's written notice to BCD that
development within the Riverview Secter Plan reascnably reguires the
off-site drainage improvements to be constructed; or

C. Within thirty (30) days of the City's written notice to BECD that the
impending construction of Paseo del HNorte in the vicinity of the
property requires the dedication of the Easement (the ''Deadline”)."

Since no  description or terms of easement required have been presented to the
City for approval by BCD, obviously no offer For such approved easement has been
formally tendersd to property owners. Additionally, to our knowledge, no written
notice requiring BCD to provide the subject easement any earlier than June 30,
1988 has been issued by the City.

To date, we are unaware of any proposed plans for trainer dikes that are specific
as to area of eascment necded. There exists an AMATCA  easement on the Paradise
valley Properties and it is our understanding that BCD has permission to work on
the property east of Paradise Valley at the point where the FPledras Marcadas
presently  crasses the Riverview Plan Boundary. Have the possibilities of
developing appropriate training facilities within these areas been explored? Has
the possibility of exchanging existing easement(s) for required easement(s] been
explored? MNote that BCD's responsibility would appear to be only to obtain any
excess easementis) over those existing required to accomodate the facilities

which, subject to City approval, BD proposes to install.



MEMO TO: George Selvia
May 21, 1987
Page 2

It would seem necessary to clarify the status cof all of the Eoregeing before
appropriate action on the Clty's part can be recommended.

CDS:mrk

Eile: William Otto, Asst. Director, Planning Group, FWD
Phil Garcia, City Planner, Planning Department
Adelis Eearney, Asst. City Attorney, Legal Department
Fred Aguirre, Hydrology Secticn, Engineering Group, PWD

Attachments
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Walter Mickorson, P.E., City Enginar

AN EQUAL OFFORTUMITY EMFLOYER
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FINAL REPULAT
AGGRADATION,/DEGRAUATION ANALYSIS
OF

~PIEDRAS ¢ARCADAS ARRUYD
BERNALILLD CUUATY, WEW HEXICD

e
'.'i| OCT 10 1985

WETEET T kb
Cubmitted To HYDROLOGY SECTIONM

Community Sciences Corparatiaon
P.O. Box 1323
Corrales, Hew Mexico 87043

Prepared By

Simon=, Li & Associates, Inc.
J655 Stanford Hoad
P.0. Box IHLG
Fort Callinsg, Coalorado BUOG5Z2

SLA Project Number NM-GSC-02
R7DO/ROFE44

October 1985
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I. INTRCDUCTION
1.1 General

Bellamah Coemunity Cevelopment plans to develop the Hughes Estate, which
includes partions of Eagie Ranch, Taylor Ranch, and Zuris-Mann land ownerships
in Bernalilla County, New Mexico. The development is to be a mixture of resi-
dential, commerical, and industrial uses. & general vicinity map of the devel-
opment area is presented on Figure 1.1.

The Pledras Marcadas Arroyo flows through the development site. The
watershed and Tocatfon of the branches af the arroyo beling considered in this
Study area are shown im Figure 1.2. Since the surrounding watershed is com-
posed of highly ercdible soils and flooding 15 caused by high intensity thun-
derstorms, there 15 potential for significant erosion andfor depositicn of
large quantities of sediment. To provide for a well-planned and pruueilg

engineered development consistent with the gnal of maintaining the arroyn in

iEs natural state to _the extent pogssible, proper consideration must be given

to the erpsion and sedimentation potential of the various branches of the

arroya.

—_—

Simons, Li & Associates, Inc. (SLA) was contracted by Bzllamzh Community
Davelopment to conduct the necessary amalysis to evaluate the erosion and

sedimentation potential of the arroyn. The primary objective of the study is
to determine an apprepriate eresien buffer distance along unprotected reaches

of the arroyo within which deveiopment should naot occur. This analysis also

e

provides recommendations om the type and locaticn of pfntectiun measures to
prevent excessive bank erosion and undesirable lateral migration of channels
and excessive aggredation/degradation within the chamnel in critical areas.

Although proper analysis of the erosion and sedimentation potential of
the arroyas requires assessment of the entire Piedras Marcadas Arroyo
waigrshed, the primary focus of this study is to delineate the erosion poten-
tial aleng three branches of the arroyo, the Narth, Middle, and Main Branches.
Figure 1.3 shows the portions of each branch which are to be studied in
cetail,

1.2 Data Sources

The amalysis presented in this report is based on infarmation collected

frem Communtty Sciences Corporatfon (CSC).  This information includes hydro-

logy of the arroyo, topographic mapping, aerial photocgraphs, soils data, and
informaticn on propased development corditions.

et
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1.5

A site visit was made by members of SLA'S project team to collect data
and observe the characteristics of the walershed. Observations were made
regarding watershed development, stream channels, and locations of gxisting
erosion and sedimentation problems. A summary of observations mada during the
site visit 15 presented in Chapter II.
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I1. QUALITATIVE GEOMOAPHIC AMALYSIS
2.1 Generdl

]

A qualitative amalysis of the Piedras Marcadas Arroyo was performed to
identify the general sediment-transport characteristics of the arrayo and the
identify potential impacts of improvements associated with development of
contributing watershod aress.

The qualitative analysis utilized available information to assess the
potential response of the system to change. Historical records, asrial pho-
tegraphs, site visit information, and the hydraulic properties of the existing
systom were analyzed to identify the stability characteristics af the strean,
gealagfc controls, and general tendencies of the system.

A5 Dackground information, the hydrology, =oils, and geology are alsg
discussed in this chapter. wqyualitative assessment is made of the effect of
edch cn sediment transpart along the arroya.

2.2 Hydrology
The Piedras ilarcadas Arrgyo watershed has a drainage area of approxima-

tely 4.6 square miles upstream of the floocd-control reservolr located sbove

Coors Boulevard. The flood-control reservolr was built as & result of an
assessment of the floeding potential af the arroyo for downstream arcas
(AMAFCA, 1993). The arroyo im its natural state is a tributary to the Rio
Grande.

The average asnual precipitation of the watershed is 7 to 10 inches.
Half of this precipitatien falis from July to dctober, typically as brief,
heavy thunderstorms. Flash flooding is cormen when runafF from these short,
but intense thunderstorms 15 concentrated in local arroyos.

The Piedras !arcadas Arroyo has 4 major branches: the dorth, Middle,

- 3outh, and Main_Granches. The approximate drainage areas of each of the

branckes {s listed cn Table Z.1. The Scuth Branch drains directly inta the
Piedras Marcadas Arroyo floed-control reservoir and is not included as a part
af this analysis.

Na gaging stations are located in the arroyy watershed. A hydrologic
model was used by CS0 to develop peak f1n@s_fﬂg_figyugrggﬂ§ for future deyel-
ppaent conditions alomg the branches. Figure 2.1 shows the locations of

branches and points where discharges were determined.  Table 2.7 chows the
discharge for return perfods at various lecatfons alomg the narth, Middie, and
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Table 2.2. Discharges for Developed Conditicns Along Study Reaches.

———

fReturn Period (years)

Branch Lacation 2 2 L £h 5 LOd

Horth Uischarge (cfs)

at ufs study limit 95 156 2l 287 343 417 -

at confluence with

Main Branch 95 156 216 2d7 358 422
Middle

at ufs study Vimit 230 415 366 T80 951 1,144

at confluence with

subareas 3 & 4 230 415 571 TEO 951 1.154

at confluence with

Main Eranch 233 420 578 783 964 1,163
Main

at u/s study limit 35 B4 64 a7 102 Ly

at confluence with

50 33 62 74 Lah 130 13U

0/5 confluence with

ab 7b 120 L&a £ua 235 2io

at Pt. B 7B 123 LES 200 £15 216

Df5 of Pt. £45 460 bl 7490 470 1,L6%9

at Pt. J 375 B2h az4 1,080 A,.30 1,54

at Dam 400 E60 573 1,150 1,404 1,628
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results to the Wischaeier et al. (1971) soil erpodibility nomograpn. In
general, the soils are very sandy and exhibit moderate permeabilities. They
have wvery high potential for wind erosion and low potential for water erosion
due to shallow overland flow, although erodibility characteristics are
variable,

The s0i1 lying west of the escarpment is rather homogeneous and covered
by Alemeda Sandy Loam. It is an undulating soil on the basalt flow described
in the Zection 2.3. small areas of winnowed Toamy sand also occur in thisz
unit.  Runoff {s mederate, but potential for water erosfon dus to shallow
overland flew fs slight due to low slopes, high infFiltratien, and a discon-
tinuous drainage network.  Approximately 20 percent of this mapping unit
includes rock outcrop.

Two smaller sell units also cccur west of the escarpment: Bluepoint
Loamy Fine 5and and Madurez-Wink Association.  The Dluepoint unit cccurs on
nearly Tevel areas where runoff is slow and the potential for water ercoion
due to shallow gverland flow is Tow. About 10 percent of this mapping unit is
comprised of sand deposits. The Madurez-Wink unit Wes adjacent to the
Bluepaint unit on slightly convex piedmont fans and gently sloping side sio-
pes. Rumoff 15 slow anmd the potential for water ercsion due to shallow
overland flow i5 slight.

The Kokan-Reck OQutcrop Asseciaticn cccurs along the narrow escarpment
forming the edge of the basaltic mesa break. This unit marks a change in
soils, slopes, and draimage conditions of the Tower part of the basin. The
Kokan $0f1 unit is formed from old alluvial sand and gravel deposits and
comprises 75 percent of the mapping wnit. It is steeply sleping soil charac-
terized by gravel, sandy loam, Tow runoff, and medium water erosiocn potential.
The basaltic rock outcrop comsists of bedrock and bowlders 3 to 4 feet in
diameter. Runaff conditions are wvery rapid.

Ine remaining area below the escarpment forming the lower watershed is
composed mainly of the Madurez-Wink Association, the Bluepoint Loamy Fine
sand, and the Rluepaint-Kokan Asscciation, which are described above. The
Bluepoint-Kckan wnit cccurs on the rolling slope of fans and on steep, gra-
velly ridges bordering the lower drainage channels. Runoff iz lew en this
mapping unit and the potential for water erosicn is mederate to high.

A smaller area of the Alemeda Sandy Loam also occurs in an fsolated area
overlyinyg basaltic substrate inm the southerm part of the lower watarshed.
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£.6.3 Channzl Characteristics

Mast of the ¢hannels in the Piedras Marcadas Arroyo are not well defined.
The wmall a=cunt of anpual rainfall and high infiltration rates im the
watershed prevents development of significant amounts of rumoff for small
return period, los intensity storms.  Channels alang the Middle and Main
franches above the confluence with the Horth Eranch wmere found to be the least
well definsd. Vegetation is found within the channel and no defined banks
were ohserved. The horth Oranch channel is significantly different, having
defined banks and a bottom width of about 15 feet. Little or no vegetatica
was found in the active channel of the Horth dranch. The banks along the
Morth GBranch are about 2 to 3 feet in hefght and fairly steep with bank slopes
ranging from 1V¥:2nd to vertical.

The fact that the Horth Branch channel is more defiped than either Fﬂ?
Middle or Main Branches can be attributed to the greater volume of runoff and

higher runoff peaks caused by the development of approximately 50 percent of

its drainage area.
The steepest banks were found along the outside of bends, of which there

are several along the North Branch. The steepness of the bank is attributed
to the erosion that takes place in these areas. ihe potential for migration

of chanrels during large floods fs quite high considering the erodibility of
the soil and the lack of vegetation. Although no significant migration of the
Horth Branch has yet occurred, increasing potential exists as degradation and

incisement of the channel continues. It is expected that as the drainage area

of _the Midd? 13 § che L ayeloped, they will experience Jarger

valumes of runoff and higher runaff peaks. This will §n turm cause those

driinagzways to become more defined, increasing the potential for migration.

Downstream of the confluence with the North Branch, the Wain Bramch was
also more well defined. The effect of the greater volume of runoff being
carried by the Horth Branch has apparently translated {tself fnto tnis reach
as well,

At the point where the Main Branch flows imto the flood-control reser-
voir above Coors Soulevard, the channel gradient steepens significantiy.
aignificant erosicn potential exists in this area due ta the increased veloci-
ties. In an effort to mitigate this problem, several grade controls have been
constructed in the entrance channel. 1t appears that these grade controls may
not be fied sufficiently far finto the banks to prevent the channel from

migrating arcund the ends.
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growing  in the channel. In the 1935 photos, the banks of the channel were
s1i{ghtly more defined, particularly at hends in the channel.

2.7.3 Maim Branch

Comparisen of 1973 and 15985 aerial photographs of the Main Zranch

Tittle difference betwsen the channels far reaches upstream of the north

branch. For the reach of the Maim Eranch, downstream of the forth Branch, the

channel is more defined with less wvegetation. The effect of development in

the rorth branch drafirage has apparently translated itself downstream into

this area. Ho other significant changes 1in the Main
noted.

2.3 Conclusions
et

granch channel wero

The arroyo watershed is at present mostly undeveloped, The channels

draining the undeveloped portions of the watershed are iV defined having no

discernibie bank Vines. Vegetation grows withim drainage paths and no evi-

dence of significant erosion or sedimemtation problems exist. The chamnels in

the undeveloped porticns of the watershed appear to be relatively stable.

The Horth Branch of the arroyo was found to be considerably diffepent

show

T o Ema

channel with little or no vegetatfon. The banks aleng this branch are 1 to 3
feet high and nearly vertical along the outside of bends. The channal also

has mare defired bends tham either the Main or Niddie Branches.

From comparison of the aerial photographs, it is evident that significant

changes have occurred along the north branch of the arroyo betwsen 1973 and

1935. The channel banks became more defined, vegetation was removed from the

channel bed, and the bends in the channel have migrated up to 10 feet in soie

Tocaticns.

It 1z apparent that the development which has occurred in the north

branch drafnage between 1973 and 1985, has causcd significant impacts. These

changes are attributable ta the {in¢reased number of occurrences of runaff,

larger runoff volumes, and higher runoff peaks asscclated with the developed

portions of the watershed tributary to the Karth Granch.
tage aof impervicus areas in the developed areas causes runoff to occur for

Tower return period:s and intenzities of rainfall than
yader undeveleped conditions. The increased number of

The higher percen-

wouid have happened
occurrences prevent

>
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III. OQUANTITATIVE AMALYSIS
3.1 General -

A guantitative analysis of the erosicn and sedimentatica patential alang
each of the branches of the arroyo was conducted. The purpose of the U=
titative analysis was to determine the expected amounts of degradation aor
aggradation and the maximum limits of potential bank erosicn along each aof the
arroya branches.

3.2 Hydraulics

Hyaraultc analysis for this study was performed wsfng the Corps of
engineers' (CDE's) HEC-2 vackwater program {COE, 19482). Channel geometry data
was taken from available topographic mapping (LSC, 1945), which was developed
from fay 1985 aerfal photography.

Manning's rouyhness coefficients for the main channel and overbanks were
selected based on the characteristics of the channels. Roughness values for
the main channel and overbanks were estimated to be 0.030 and 0.035, respec-
tively.

Results of the hydraulic analysis were used to delineate the 100-year
flood plain for developed flows using the present topography of the area and
develop average hydraulic parameters for the various computational reaches in
each branch of the arroyo. The reaches were selected based on similarfty of
hydraulfc, geometric, and soils characteristics and are delineated in Table
J.1. The average hydraulics in each of the reaches from the HEC-2 analysis
are presented in Table 3.2. Additicnally, Figure 3.1 shows the varfaticn in
total top width alang the study reach for the 100-year floocd.  HEC-2 output
for the 100-year flood is included in Appondix A.

3.1 Sediment Supply Analysis
3.3.1 dGeneral
This section presents quantitative estimates of sediment yields from

watershed areas tributary to each of the oranchas. Sediment yields were
determined by use of the Madified Unfversal Soil Loss Equation (MUSLE]. The
VilE was developed by Williams and Berndt (1972) and provides the watershed
sediment yield in the sand-, s11t-, and clay-size ranges produced by a single

storm.
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[ }i.‘)l.l
Eummary of Watershed Paraaeters ,f';;fr

Table 3.4. f
for MUSLE Calculations. j}ﬁfx’ ¥4 P
= |
|I|' I
Drainage

Tricutary” Area

Area [mig) K LS o
Offsite Areas
1, 3, and 4 3.06 .39 0.8¢ 0.24
Offsite Area 2 0.85 0.31 0.65 0.24
Offsite Area & 0.04 0.40 b.48 0.24
Offsite Area 58 0.03 .40 1.26 .24

L3

Bffsite areas refer to basin deliseations used im

Community Services Corparation’s Master (rafnage
Plan [C5C, 1985]).
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Table 3.5, Sediment Yield Estimates From MUSLE
For 2-, 50-, 10-, 25-, 50-, and 100-Year
Retura Period F1mqﬁs-
laudind o
Watershed Peak = Hydrograph Bed-Matarial
Heturn Discharge Yolume Load-Developed
Periads Up ¥ Watershad
{years) (cfs) {ac-ft) (toms) oo,
e
North Branch oz
2 95 7.8 T
b 156 12 .9 93
10 213 17.6 139
£5 £57 23.7 193
z0 348 8.7 £40
100 a17 4.4 £93
Middle Branch
2 230 31.0 321
] 415 Bh.9 B21
14 571 7.0 H53
25 780 105.1 1259
A 950 124.1 1571
124 1155 156.7 1955
5A
2 35 1.6 6
5 B4 2.0 10
10 64 3.1 13
25 ar 4.1 17
) 102 4.7 £0
114 117 5.9 24
5B
2 18 0.7 ]
B 28 1.0 B
11 35 S 7
2o 45 1.6 g
a0 53 1.9 11
100 61 2.2 13




3.5 Equilihrium Slope Analysis

Equitibrium channel slope is defined as the slope at which the chinnel's
sediment-transport capacity fs egual to the imcoming sediment supply. Under
this cendition, the channel npeither aggrades nor degrades. When the present
stope of a channel 5 greater than the eguilibrium stope, the chamnel will
degrade in arder to reach its equilibrium slope. Conversely, when the present
slope of a channel fs less than its equilibrium slope, the channel will
dggrade. The equilibrium slope method 15 sometimes referred to as the dynamic
equilibrium slope because the gradient of the channel gcontinually changes with
upstream sediment supply.

Calculation of the equilibrium slope for 4 channel is accomplished by
applying the continuity prieciple

O 1y = Y5 put (3)

where represents the supply of sediment into a channel reach and

us IN
Ds auT ropresents the sediment-transport rate ocut of a channel reach.
Comnining the sediment-transport capacity relationship (Equationm 1) and the
hydraulic conditions im each reach allews calculatien of the slope at which
the transporting capacity of the reach 15 equal to the fmcoming supply.

The equilibrium slope concept is generally wsed to evaluate the long-term
dggradation/deqgradation response to the chamnel to fleod floews. Fer this
reason, a single, domiramt discharge is selected for the analysis. The domi-
nant discharge is that discharge which, if allawed to flow constantly, would
have the s=ame channel shaping effect a5 mnatural, randomly occurring flows
{Oesign of Small Dams, USOA, 1977). In ephemeral stroams, suth as Piedras
HMarcadas Arrocyo, the dominant discharge is usually between the b- and lU-year

fleod peaks. For this study, the dominant discharge was assumed egual to the
10-year flood peak.

Equilibriuvn slopes were ¢alculated for the 10-year peak discharge for
each reach of the arrgyo. The results of these calculations are presented on
Table 3.T7. The eguilibrium slopes shown im the table are significantly
flatter than the existing channel slppe indicating significant degradation in
all of the reaches being considered in this study.

Since there are no apparent natural grade controls within the study
roaches, the amount of yertical degradation indicated by the equilibrium slope
calculations 15 excessive. Consfdering the non-cohesive pature of the bed and
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bank material, the amount of vyertica) degradation will be limited by the
stable bank height. Additional degradation will take place in the form of
channel widening and tateral migration. A continuity analysiz was performed
to estimate the potential degradation and lateral migration that could-take

-~

place. & -

3.6 Zediment Continuity Anmalysis r i

3.6.1 Sediment Volume Estimaticn ;;

The wvolume of sediment trangported through each reach of the arroyo
during each of the varfous return perfod floods was estimated by integrating
the flood hydrographs with the sediment rating curves presented in Secticn
1.4. By Cumparjng the volume of material being supplied to each reach with
the transport capacity during a given storm, the wolume of materiaj_ﬁéﬁéadnd
{or sediment deficit) from the reach wis estimated. Table 3.3 summarizes the

results of these calculatioms.

1.6.2 Channel Degradatiom

Estimaticn of the maximum potential wvertical degradaticn in each reach
was made based on the sediment deficits identified in the preceeding section.
The ampunt of degradaticn was determined by dividing the sediment deficit by
the réa:h 1535th and ayerage main channel top width in that reach. The
results of the channel degradation calculations are shown in Tabie 3.8. These
calculaticns are based on the assumption that all of the deficit will be taken
from the channel bed.
(1 [ i P o

3.6.3 Lateral Migration & £ v AE

The maximum potential lateral migration in each reach was determined by
gssuming that the total sediment deficit for each reach will be remcved from
one channel bank. Since most bank erosicn occurs along the outside of bends,
the channel length over which the sediment is to be removed was assumed as a
typical length of bend 25 seen on topographic maps of the area. For the
reaches of the fain and Middle Eranches, the typical bend length was estimated
ta be 330 feet. For the Herth Branch and Reaches 1 and 2 of the Hain Granch,
a smaller length of 200 feet was wsed. Since the channel {n the existing
conditicn has no defined banks, it was necessary to estimate the effective
bank height that will be subject to ercsion during the wmigration process.

I...._l-

e
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This was dome at each cross section wsed in the HEC-2 hydraulic analysis based
on relative flew depths im the main channel, maximum stable bank heights con-
sidering the characteristics of the bank material, site ohservation of
existing banks, and the shape of the cross section in the erosion area. Inm
places where the hillslopes are relatively close to the channel, the lateral
migratien potential will be limited. For Reaches 1 and 2 of the #ain Branch,
and 4 of the Main, and Middle Eranches, the maxfmum vertical bank height was
estimated to be & feet. The maximum vertical bank hEigH%_fnr the Morth Branch
wat estimated to be 3 feet. The results of the lateral migration calculations
for the 100-year flopd are summarized and presented on Table 3.9. Channel
distances shown in the table are cumulative distances of each respective crose
section from the entrance of the dam on the #ain dranch and the confluence
with the Main Branch on the North and Hiddle oranches. Exact cross-sectional
lpcations are shown on the 1" x 50' scale maps provided to C5C. 5= o

3.6.4 Average Annugal Erposion Potential

The long-term average annual erosion potential along the study reaches
was estimated based on annual sediment yield calculations. The annual sedi-
ment yield for each reach was estimated by integrating the flood freguency
curve using the following equation:

Y =0.015Y +0.015Y +0.04Y + D.08Y
3 5100 Sen 5 o

+ 0,20 Y, +0.40% (4]
Sg 5a

where ?5 is the average annual sediment yield, YEi is the =zediment yield for
the individual storm events. Maximum potential degradation estimates were
then computed using the procedurs described inm the previcus sections.  The
results of the calculations are summarized in Table J.L0.

The erosion estimates given im Table 31.10 represent the expected average
annual erosion rate for the developed condition. As shown in the table, the
Morth and Middle Branches and Reach 3 of the Hatn Branch have a relatively
high erosion potential with lateral migration rate of 20 ta 30 feet per year.
It shouid be noted that the rates shown in the table are long-term averages.
The actual erosion 15 mast Vikely to occur in discroete elements depending wpon
the sequence of flogding that ofgurs in the future. Little or no migration or

E\.



Table 3.10. Average Annual Erosion Estimates.
Potential Patential
Unbulked* Maximum Channel Chanmel
sediment Deficit Degradation Migraticn
Reach (CF) (ft) (ft)
Narth Branch 23,400 1.1 21
| e
Middie Branch £9,.030 2.7 n g0
Main Branch
1 1,310 0.1 &
2 o0 0.1 Ky
3 6,600 1.0 il

&

Assuming porosity = 0.40.
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I¥. CONCLUSIONS AND RECOMMENOATIONS

A gualitative and guantitative sediment-transport analysis was performed
to evaludate the erasion poteatial of selected reaches of the Pledras Marcadas
Arroyo near Albuguergue, New Mexico. The primary cbiective of this study was
to evaluate the bank erosion and lateral migration potential of the arroyo
during floading to provide the basis for erosion buffer distarces anmd/or other
noecassary protection measure for the proposed watershed developmeat.

In genaral, the results of the study indicate that, due primarily to
fncreased runoff and reduced sediment supply associated with the increase in
impervicus area in the watershed, the entire study reach is degradaticnal
during flooding. The degradation and lateral migration potential is signifi-
cant, but varies depending on the location along the arroyo beimg comsidered.
The following specific conclusions can be derived From the study:

1. The overall watershed upstream of the Pledras Marcadas Dam has a drainage
area of approximately 4.5 sguare miles.

2. The watershed is naturally divided by a 53- to 100-foot high escarpment
with overland slocpes ranging from L to 3 percent upstream aof the escarp-
ment and 2 to & percent below the escarpment.

1. In its existing condition, the watershed is less than 2J percent deve-
lopod with the largest developed area occurring in the upper portion of
the HNorth dranch drainage. & small portion of the Middie granch is also
developed.

4. Current development plans will increase the amount of -impervicus area-in
the watershed to approai@ately 40 percents ﬁ'?'ﬁHhJLAm.ﬁif:‘if ﬁhdif_.:
A (e [0 P BT R - a_a--: i
&. The significant increase in impervious area will increase the frequency
of occurrence and amount of runoff resulting from precipitation in the
watershed. This will also result im a reduction inm the supply of sedi-
ment from the watershed.

6. Sediment samples collected inm the arroyo beds indicate relatively unifom
sandy material with 1ittie or no cohesicm. HMedian size of the material
is approximately 0.25 mm. The nature of the bed material indfcates that
it 15 highly susceptible to erosion during flooding.

7. Based on [tems 3 throuwgh 6 above, a qualitative analysis indicates that
the increase in rusoff and redeuction in sediment supply associated with
the proposed development will result in increased erosion potential in
the various branches of the arroyo.

B. The above conclusion is supported by historical evidence found in the
Morth Eranch study reach. Tne watershed for this branch 1s approximately
0 percent developed. Observations during the site visit indicate that
the arroyo channel has a well-definea channel with 2- to 3-foot high,
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As the development progresses, the channel will undoubtedly begin to
ingcise. As this occurs, it may be desirable to install grade controls at
critical locations in the channel ta limit the amaunt of vertical degra-
dation that takes place. By limiting the wvertical degradation, the
tendency for unstable banks and lateral migration will also be reduced.

[a

Cue to the highly erodible nature of the channel bed material, it is
recommended that protecticn be provided at the outlet of any storm
drainages or culverts that enter the arroyo chammel. This protection may
be composed of either properly sized riprap, reinforced concrete, or soil

cement and should be construgted to protect the channel bottom and oppo- !

site channel bank from erosicn due to flow impingment from the outlet
works.

The degradation potential (including local scour) within the arroyo chan-
nel should be given consideration in destgning the foundation of head-
walls and outlet works for any culverts or other structures within the
main arroyos channel or the storm drain outlets discussed in [tem 4 abgve.
If sufficient toedown or erosion protectiom 15 not provided, Tocal and
general scour could result in Failure of the structures.

e
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ATTACHMENT B
Background Information on Development
of Sediment-Transport Relationships
I. GENERAL

Transport of the bed-material lead fn a river channel is divided ints two
zones. The sediment maving in a layer close to the bed is referred to as the
bed Toad. The sediment carried in the remafning upper region of the flow is
referred to as suspended bed Toad. The total bed-material Toad is the sum of
the bed Toad and suspended bed load. The turbulent mizing process and the
actien of gravity on the sediment particles cause a continual transfer between
the two zomes.  Although there s no distinct line between the Zenes, the
definitions are made in order to aid in the mathematical description of the
process. The wash load occcupies the entire depth of flow, but consists of
fine particles that are not present in the bed in appreciable quantities, and
Will mot easfly settle out. Wash Toad fs primarily cantrolled while bed lcad
and suspended bed load arz primarily contralled by the transport capacity of
the river and availability of materfal in the channel bed and Banks.

sediments of different sfzes will experience different rate: of
transport. Therefore, the transport capacities for a range of sodiment sizes
are determined and totaled to produce anm acceptable determination of total
transpert capacity. The total bed-material transport capacity for a channel
sectian is

0 =T TP (g, *+ g (1)

5

In Equatfon 1, T is the top width of the channal, Pf 15 the fraction of
aone sediment size, %4 is the bed-lgad transport rate per unit for the its

siz2, and q {$ the suspended Toad transport rate for the {th 5iza,

51
IT1. BED-LOAD TRANSPORT CAPACITY
The Heyer-Peter, Muller formula gives good results for bed-load transport
over 4 wide range of sediment sizes. The Meyer-Peter, Muller farmula will
well suited to modal the dynamics of channel armaring processas as well as
transport of sand sizes with Tittle armoring potential. The formula 13

_12.85 1.5 .
% e = 7 ! (2)
BT,

in which



1= Fy tvg - vld g (3

In Equations 2 and 3, G is the bed-load transpart rate fn volume per unfit

width for a specific size of sediment, T fs the critical tractive farce
necessary to initiate particle motion, p 45 the density of water, ¥ is

5

the specific weight of sediment, + 1{s the specific weight of water, ds is
the sediment size, and F, {is the Shield's paramater which ranges between
0.033 and 0.CeQ, fnclusive.

The boundary shear stress acting cn the grain {3

F
e (4)

where p s the density of flowing water and fu is the Darcy-Weisbach fric-
tfon factor, and V is the mean velecity of the flow.

The Darcy-Weisbach friction factor is related to Manning's n  by:

23 (5)

Fu = nE — 7
1.49" R
where g 13 the acceleration due to gravity and R is hydraulic radius.
Asseming the wids channel approximation is valid, then the kydrauliz radius R
iz equal ta depth.

For sediment-transport calculatigns, Manning's n  im Eguation & repre-
sents the skin resistance only, which is typically 0.6 to 0.9 times the total
Maraing's n for the channel depending upon the prepondarance and type of bed
forms.

I11. SUSPERDED BED-MATERIAL TRANSPORT CAPACITY

The suspended sediment-transpert capacity is determined by using a salu-
tion developed by Efnstefn. This method relies upon integration of the sedi-
ment concentration profile as a fumction of depth. The nature of the profile
is determined wusing turbulent transport theory. The sediment profile is
assumed to be inm equilibrium, and therefore the rate at which sedimant is
transported upward due to turbulence and the concentratioa gradient is exactily
equal to the rate at which gravity is transporting sediment downward. The
resul ting concentraticn prafile 15 given by:
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z
il SR (6)

a

where L[ is5 the comcentration at a point vy, C, 1% the concentration at

point a gemerally considered to be the bed layer thickness, Y 15 the depth
and z 15 given by:
W
z . Ay (7}
where w 15 the fall welacity for a given size sediment, U, 1is the shear
velocity, and 15 the von Karman constant (0.4). U, is defined as

i where 1t is the shear stress on the bed and p is the density of the

flufd. (Note: 1 should be the total shear stress on the bed and not the
grain-asscciated shear stress. The shear velocity U, characterizes both the
turbulence and grafn resfstance, and the fall welocity w characterfzes the
sediment properties.)

A Togarithmic velocity profile fs used to describe the velocity distri-
buticn in turbulent flows. The eguation utilized is

i £
i = B+ 2.5 kn tﬁ—} (8]
3

in which wu, 1s the point mean velocity at the distance & from the bed, B
iz a CDnstaﬁt dependent on roughness, and n, {s the roughness height.

The {ntegral of suspended load above the bed layer is cbtained by eom-
bining Equatfons & and 7 or

¥ z

¥
- fucCde=cu, J[B+25en (591 (122 3y g2 (o
a 4 a 115 - d

d
Y=

where qs1 is the suspended bed-material transport for a specific sfze sedi-

ment abave the bed Tayer. In thiz eguation

(10}

L=
Hi
=4 |

where o is the dimensioniess relative depth and

-4
Gvmgy
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in which G s the relative depth of the bed layer. Integration of Equaticn
9 yields

) 1
GZ | e
q., = C.U.a- (B +2.5 & nl—)] f (=2) z
51 -3._ [1_'3]1 1'-5 é q da
- l-5, z
¥ 25 I [T] Eng do} Ell}
[

The average flow velocity V {5 defined by the equation

Yomd S (12}

Substituting Equaticn 8 into Equation 12 and integrating yields

_:

=B + 2.5 in [%—1 - 2.5 {13}

K ]

The two integrals in Equation 11 can be defined as

1 .
3y = | (E9F (14]
G .
and
1 l-o.2
-JE - é 1_|J'_:I 2 mo da IlE]

Substituting Equaticns 13, 14, and 15, reduces Equaticn 11 to

z-1 v

g G 5
0y = LU0 T [l + 2.5) 0y + 2.5 3] (18}

Accarding to finstein, the concentration at the upper level of the bed layer
15 related to the total tranmsport in the bed layer by

Ui = 11.8 C,U,3 {17}

Substituting fnta Equatien 16 produces
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%1 &l oy
qSi = l—lh-ﬁ' I_GI [{E-‘- 2.5} ']]. + 2.5 JEJ {18}

Generally, sediment measurements are taken in a zone approximately 0.3 feet
above the bed and higher since cormenly used measuring devices are imcapable
of getting claser ta the bed. Hence, commenly reported sediment measurements
consist of wash load and suspended bed lead. This zone of measured sediment
transport will be denoted the "measured zone" in the following discussiaon.

For practical purposes, wash load conzist: of no particles greater than
0.062 mm. If sfze analyses of suspended sediment and corresponding con-
centraticn m2asurements have been made, then the concentratfon of suspended

bed material in the measured zone 135 given by

C LI I:.rn (20)

BEm

wherea Ebﬂ is the concentraticn of suspended bed material in the measured

zone, P is percent of suspended bed-material load, and C, 15 total

measured concentration.
Na Ehﬂ may be calculated theoretically using the following procedure.
First, the s$uspended bed-material concentration at 0.1 feet above the bed i:

calculated from:

I
_2'3 2, (211

¥
{ Y- a

=
Cad
e
= om

Substituting this cancentration into Equation 16 and changing the limits cof
integraticn appropriately, yields the transport rate of suspended bed matsrial
for a specific size in the zone extending from 0.3 feet ahave the bed to the
water surface. The resulting relation is

~ Z=1

G Y ' 3
Gﬂ',ﬂf = I:i:l_3 U*[]-E —|—z [|:|'J=-" ¥ 2.5] l.]l + 2.5 '-IE_] [EE]
{l-g ] .
whapra

foon.3

C = e (23}
; 1 1-a,2

.Ji = j: ‘Tr" da {24]

G

and
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f { ] o da {251
]

Rewriting Equatfon 22 and using Equatfon 21, produces the relation

z -1

z G ¥ ' '
%y 35 © E u.0.3 [_ﬁ___ "--] II:ET]I[{H: + 2.5} Jl + 2.5 Jz] (25])

Introducing Equation 17 modifies the foregoing relation to read

_ Oy ¥-0.3,z § 2} : :
A aq ;ﬂ_] m “L‘"}' + 2.58]) J, + 2.5 Ja {271

The total concentraticn of suspendad bed materfal in the measured zone is
given by

C. o= § fp *

bm © gk %.37) / 4% 5.6 (28}

where Clbm {s the thecretically computed bed-material concentration, g fs
water discharge, and 5.G5. 15 the specific gravity of the sediment, n s
the total number of sediment sizes.
Comparing Eb.I and l:'h,Irl
measure of the accuracy of the thecretical computation procedure.
This procedure cam be "calibrated" sa that the C° P values agree clo-

sely with the Ehm values by adjusting one or more parazmeters involved fn the

for a wide range of discharges yields a

procedura.  These paramaters are;

l. Shield's parameter F*. This 1is generally assumed equal to 0.047, but
may range in value from 0.030 to approximately O.060.

2 Manning's n for skin resistaznce only. Typical values of 0.01 to 0.03.
This parameter may be estimated from Stickler's relation;

1/6

D]
el

whore [21%| 15 1m meters.

3. Bed layer thicknass a. This s an extremsly fmportant parameter since
it determines the concentration C; which defines the suspended bed-
material concentration profile. The value of a s typically taken as
twa time= the DES ar ng of the bed material.
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4. As a last resort, the exponent 1.5 and the coefficient 12.85 in Eguaticn

2 may be adjusted.

The next step is to use the "calibrated" transport procedure to generate
values for total bed-material transport for a wide range of river discharges.
HEC-2 use used to determine the hydraulics for these discharges. A regressicn
analys!s was performed on the resulting data to obtain a relation of the form:

g =3 yoy© (23)

whers q5 fs unit bed-material transport, ¥ is velocity, Y is depth, and

a, b, and ¢ are coefficients.

The calibrated transport relaticns are then applied using the average
hydraulic and sediment conditions in each of the computational reaches to
determine the bed-material rating curves of the form:

. Y ut' {30}

for each reach, wers ﬂs is total bed-material transport within the reach and
0 is river discharge. These relationships form the basis of the continuity

calculations.



