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i

August 4, 1992 NG 5 1992

o
DIVIET™

CERTIFICATE OF COMPLETIOR AND ACCEPTARCE

Sandy Thompson

SMC Properties, Inc.
P.0. Box 11519
Albuquerque, NM 87192

RE: PROJECT NO. 3116.90 , SANTA FE VILLAGE UNIT I PHASE V, (MAP KO. F-10)

Dear Mr. Thompson:

This is to certify that the City of Albuquerque accepts Project No. 3116.90
as being completed according to approved plans and construction | R
specifications.y If all required rights-of-way and/or easements have been
dedicated, the City of Albuquerque will accept for continuous maintenance all
public infrastructure improvements constructed as part of Project No. '
3116.90. If the required rights-of-way and/or easements have not been
dedicated, the City of Albuquerque cannot accept the project for continuous
maintenance and said maintenance will be the responsibility of the

developer. When a final plat has been filed it will be the developer's
responsibility to provide the Construction Management Division with a copy,

at which time the City will fully accept Project No. 3116.90.

The project is described as follows:--

'—  The installation of water lines, sanitary sewer lines, storm sewer
" lines and inlets, curb and gutter, and paving in Santa Fe Village Unit

I, Phase V.

— The contractor's correction period began July 8, 1992, and will be
effective for a period of one (1) year.

Sincerely,

dre Héule, P.E.
Division Manager
Design/Construction Division
Engineering Group o
Public Works Department -

- AH:tp .
————————— AN EQUAL OPPORTUNITY EMPLOYER ——
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PRUDENT LINE ANALYSIS
* FOR THE

SOUTH BRANCH OF SAN ANTONIO ARROYO

' ALBUQUERQUE, NEW MEXICO

~ prepared for

Roberson Construction, Company
6001 Atrisco Road, NW
Albuquerque, New Mexico 87120

by

Resource Technology; Incorporated
2620 San Mateo NE, Suite B
‘Albuquerque, New Mexico 87110

HYDROLOGY SECTION

;  | Aprll 3 1986
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~ INTRODUCTION

- This report supplements a preyiouslreport titled'"Drainage Report for

Santa Fe Vlllage Unlt 111, Phases I and II Albuquerque, New Mex1co.

That report was prepared by Resource Technolog}’s Inc. (RTI) and was

submltted to -the Clty Iof Albuquerque De51gn Hydrology Sectlon on

- October 21 1985 The De51gn Hydrology statf rev1ewed the report and

had several relatlvely minor questlons and one requ1rement whlch had to

be resolved before approval of the report is granted. 'The minor

questions have been dealt with and this report responds to_ the

requirement that a Prudent Line 'Analysis “be performed on the unlined

reach otf the South Branch of San Antonio Arroyo. Th_is reach extends

. west from the_ Vulcan Parkway crossing to the toe of the volcanic

escarpment, a distance of 1,015 feet, as shown in Figure 1.

'Resource Technology, Incorporated, has conducted the Prudent Line

‘Analysis in consultation with Dr. Peter Lagasse and Dr. James Schall,
~ the prin'cipal authors of "Erosion Study to Determine Boundaries for
- Adjacent Development - Calabacillas Arroyo, Bernalillo County, New

.. Mexico".

 The concept of Prudent Line Analysis was applied by _ Simons, Li and

Associates (SLA) to the Calabacillas Arroyo Channel and is described in

 the report just mentioned. Their methods were developed  to determine |

, & &
boundarles (called offset tangents) along both sides of the channel

within which development would not be prudent.
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'Theproéédure fbr‘PfudentiLine AnalySis used in this stﬁdy isisimilar
to that used in the Calabacillas_ Arroyo Study. A -multiple leyel-
solution which "stresses that knowledge of governing physical processes -

plays the most 'impor_”tan't part in determining an appropriate level of

'ﬁlathémat:;cél analysis" was used. Only two levels of 'analysisr were

considered for this’ study. Level ‘T analysis is qualitative and is

bas.ed on ap'plicatibn of géomorphic | princii)les_. 'Lev1e1 11 is

q'u'ermtitati'vé | and base_d on more complex géomorﬁhic rélationshipé and
bésic engiheering relationships. A ‘Level III analysis which‘is

quantitative and basedan_detailed mathematical modeling was not
considered necéssary for the Calabacillas Arroyo, and consequ'ently was-

not performed in the preseﬁt stﬁdy.
HYDROLOGY

A range of peak discharges for corresponding recurrence intervals is-

necessary to perform the Prudent Line Analysis. .

~ The lOO-—yr. "peak dis;charge for | the 855-acre watershed of the South
Br-+an§:h of San Antonio Arroyo is 762 .cfs'. with a time to peék of .1.5
.hburs ét'AtriscoRoéd NW. This value was determined ﬁrevi&usly by Fred
Denney and Assbciatés, Ihc. in "Hydrologic Report San Antonio -
Mariposa and Boca Negra Aronos" (Oct. 1980). Tﬁe City of Albuquerque
and AMAFCA have approved the report, énd the hydrology presén‘ted in

that report was used in this Prudent Line Aﬁalysis'. _ . KR

Resource Technology, Incorporated has previously perfdrmed hydrologic '



. _ ] .
) - - - -
. " . . r -
) a
. . .
| ] R N .
+ + .
. . . -
L L
. . i
L] . . .
+ - -
- . _| .
" ) .
-
. . .
' . " . i
'
[ ] = . - . .
N - -
+ . - 4 . . b -
- - -
.
. . .
L - - -
- " . .

.
L]
. .-
d
b ’
* - 4
N
. - -
. -~ :
= [ » -
- -
- - [
. o .
L]
"

analyses on several basms on the ?'_West Me;sa""for the SPF, IIOO'—-y_r.', |

50—yr., _5—yr. and 2- yr frequency floods. One such basin - is _that for

Boca ‘Negra ‘A'rro‘jrd .which‘ lies approximafely l*inil'e'inbrth‘ of the South

Branch of wSan Antdnio+ Arroyo basin. The results for one of the

'sub—basins ef ‘Boca Negra Arroyo," which has very-' similar basin

characterlstlcs to those of the Mlddle Branch of San Antonlo Arroyo, B

were used in this study. ‘The area_ of this sub—basm, as shown in

Figure 2 is 1,837 acres with a 100-yr. peak discharge of 1,237 cfs.

and a time to peak of 1.52 hours. The shape of the sub-basin is also

similar to that of the South Branch of San Antonio Arroyo.

To  develop a eomplete frequen'cy range of hydrologic data for the

South Branch of San A"nt'onio~ Arroyo, the 2-yr., S5-yr. “and 50-yr. peak

discharges w‘erle' determined as follows. The two basins (Boca 'Negra‘

-s'ub-basi‘n‘ and South 'Branch of San Antonio _Arrdyo) are - similar | in

.phys:Lca,l and hydrologlc characterlstlcs. To substantiate that the two

"I.."*

bas:ms a}e 81m11ar in hydrologic characterlstlcs, the rati‘o of the
100-yr. storm runoff volumes was compared to the ratio of the drainage

areas as follows:

1. 100-yr. storm runoff volume ratio -

South Branch of San Antonio Arroyo/Boca Negra Sub-basin
87.64 ac.-ft./192 ac.-ft. = 0.46

H

2. Drainage area ratio -

South Branch of San Antonio Arroyo/Boca Negra Sub-basin
855 ac./1,837 ac. = 0.47 * . xx3

Therefore the two basins produce almost exactly the same volume of



EGRA SUB BASlN “\«-/ s
; &20” ’ "'". |
. .H-\NT "1_ N Ot

" . . ¥ L ) f . ..', .' :." H -l' .F“- y = . '
P& rc<. R cH | ‘ oy : I A WO 7, — T~ mﬂk‘ SOF Q'_J -}1‘1{1:’-’[_11_'. N N

FIGURE 2




v - .. . . - a
ro® .t . - .
- . . . 1 = - * .
- .- - . L N a 1
.
- - . . ' .
1 bl _ . . L[ ]
. "‘ - ] . - -
- - . . i 1
. - Fl . N L} -
- - . . k " -
- . ' . _
. '
- - -
- L . . _ . - .
LS o . .
L] - » R ) '
L Y ] M . r L] " -
rF . -
4 . ' - o
'.I‘ - I a ) .
- L] - L]
i ' - .
a
4 -

water per unit area and thus both areas may respond almost the same to
a hydrologic event.
Based on Ithi's discussion a factor of 0.46 was used to reduce the

pre'viously determined lOO—yr.,.-SFO—yr., J>-yr. and 2_'-yr. pe.ak_ discharge

~ for __th;e Boca Negra Sub-fba_siri to determine the same ffequency peak

"disﬁharge for the.SOch Branph of San Antonio_Arroyo. Table 1 giﬁes the

results of this'protedure;-

' These data were used to ‘develop a _flolod frequency vs. - discharge

curve for the Soul:h“Bra-ﬁc.h of San Antoni:o'Arroyo, Figure 3. The 'lO—yr.

and 25-yr. peak dlischarges were determined from FFigure '_3 as 265 cfs.

and 379.cfs., respeétivély.

- The peak discharges given in the top section of Table 1 are those for

' the total basin area of the South Branch of San Antonio Arroyo,

Howeve'r,- the Prudent Line A'nalysis' will only be p'e'rformed for the

- drainage area contributing flow to Vulcan Parkway. Therefore the peak

diSCharges at Vulcan Parkway were determined by a peak discharge to
d.rai'nage area rétio‘. , The 100-yr. peak at Vulcan Parkwa'y 'equéls (730
ac./855 ac.)(762 cfs.) = 651 cfs. The peak discharge for the other

frequency storms were determined the same way and the bottom of Table 1

gives the adjusted peak discharges to be used in the Prudent Line =

Analysis.

FLOOD PLAIN ANALYSIS

The HEC-2 Water Surface Profi_les computer program'; developed by the
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U.S.'_ 'Ar'_my Corps of Engineers 'was used to -d_etgrmi-ne the flow
characteristics of _ﬁthe arfoyo, c:hannel"f_dr the _IlO'O-y‘r. , 25-yr., 10-yr.,”

S—yr.,'rz;yr. ‘and 1/2(2-yr.) peak flows in__the existing channel.

Manning's roughnes*s_ 'v'alules used in this study are 0.03 for most cross

- section overbanks with grasses and small plants 0.05 was used forlsdﬁe

cfoés sectiops with_eitremely_densé bushes, 3 to 4 feét tall; and 0.035
waé' used for cross-sections with 'gr'asses', small plants-and a few 3 to
4-foot tall bushes. iCross—section' _11 1s located on the esc'arp.me_nt and
0.08. was uséd in this ‘section to account for the large basalt

boulders.

This réport defines the 100'—yr. flood plain from the base of the

escarpment to Vulcan Parkway more accurately than previous reports

because the analysis is based on field surveyed cross-sections of the

arroyo.

Figure 1 shows the location of the cross sections used in the HEC-2 -

progi‘am for the exis'tihg arroyo. The HEC-2 program was run assuming

subcritic'al flow for the existing arroyo chaﬁnel; ~in those reaches

w.here the flow w’erit_l to a supercritical conditioﬁ, critical depth was
used to d'efine the .flood plain 1imits becai.ise supercritical flow is
very unstable. Table 2 contains the summary output for the 100-yr. and
10-yr. peak flows.. The Iresulting 100—y1{ f:lood plain _lirhits- are also

shown in Figure 1. Figure 4 shows the 100-yr. water surface profile.

X E X
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" QUALITATIVE GEOMORPHIC_ANALYSIS .

e

Qualitative' geomorphic" analysis involves the understaagiing of basic
phyaical proceaaes of Lwatersrhed and arroyo respdnSe. - To dev'el*op this
" understanding, field iavestigaﬁiohs‘wefe per formed by RTI staff.' Other
: qu'alitat'i.ve' aaalyses included comparision of aerial photographs tak‘e‘n_
over a pefiod of sevefai years', bed and baak_ ﬁlaterial samples and
compositiaa, and arroyo.profile aaalysis. A1l of the above quaiitative
analyses comprise th'e bulk of Level I analysis for. Prudant Line

definition.
Site Observation

RTI staff -vis“iil:atli ‘the '1sita to asses's the physical cbndii:ion'_ and
attributles of the | Sou-th Branch of San :Anto'nio ArrOYO and the
surfaundiing watershed. Potential problem areas were noted and
geomorphic featufes aithia the arroyo and surroﬁnding flood plain were_'

_observed.

" The site . observation _eﬁitended from the watershed area above the
‘escarpment to Atrisao Road.'De£ailed investigation baganat the base af_
the escarphlent and con'-t-inued to Vulcan Parkway which has been staked
out in the field. The arroyo  above the escarpment is nolt ‘well
definad. Below the escarpment the channel is well defined from the
Ibase of the escarpment to the 'large m.eander _(see 'Figure '1) and thehx x
becomes less defined downstfeam to the AMAFCA pabion grade control

stucture at Atrisco Road.
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Thg" s+oill'1.typ;e- ‘within the study reach below ' the escarpment ‘is the
Bluepointhokanasso@iation(BKD)aé presented'in'the U.S. "Soil Sﬁrvey
~for Bernalillo County and Parts of Sandoval and Valencia Counties, New

| MexiCO”.:The soil appeared to belfine pnconsolidatéd sand.

o Beginniﬁg at. thle | base Lof _the' eécalr.pment the arroyo has _a' trapezoidal
o Shaﬁe ‘with a bo'tl;(')'m .widlth' df about 4O feet, The north bank has ra. B
mo‘d_eraite‘ 1810pe_ (a;.)‘prodximat'ely 30 d*egrjee's)_ with moderate vegeté'tion'.
The south.baAk has very steép to vertical faces on 10 - to 15-fdot tall
bru.t_tes which a'ré located at the ﬁclor-lflll_llences of the smavll arroyos from
the south bank énd the main érroyol. The s‘teep faces oﬁ tl:‘he‘ soﬁth have
- very little vegétat;.i;on.' The low flow channel is very small with a |
2—'fbot w1dth and 3__;inch high banké. Th.e-bottomli of the entire arroyo

iéhannelhas mdderate vegetation denSity with bushes 2 to 4 feet tall.

'Easl': of _the es'carprnent at the c.onflu‘ence o_f the first small arroyo
(Sub-basin J) and the main arroyo, theﬁ low flow _ channel_ is
non—-exista'nt.’. The arroyo crosé—section 1S tra-pezoidal wi-th _the north
and south rbanks similar in sldpe (‘appkro_ximat-lely 30 degrees)._ - The
arroyo bottom width varies ffom.abdut 25 to 40feetf The arroyo bottom
Has more vegetation than the overbénks with 3 to L-feet tall bushes

becoming more numerous,

Near the confluence of the second small'arroyﬁ (Subebasin 1) and the
| W

el il agegealil

main arroyo, the arroyo is trapezoidal in cross-section and a low flow

..’ channel is non-existant. The arroyo bottom is approximately /0 feet

- 12 -
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wide and gehselylvegeteted with bushes 2'to L feet tall. The slopeslof:
the be.nks.' are a:.pprox'im'ately the s'ame '(-30 deg'rees),_ and the benks are

moderately vegeteted with'grassee'and tumbleweeds.

Approximately 200 _feet west of Vulcan 'Parkway the . arroyo 1is
approximetely trapezoidal--l in cros's—'section wit.h lthe‘ 'ba-nk. slopes
becoming increas'ingly mild. The bottom width is 'approkimately' 7I0 feet
wrth m.oderate. veget'atiou.‘The 2 uo b- feet _tall bushes become' sparse.-
A low flow channel is uiSible as a 2I - uo b-foot wide shallow

-depressiou with no defined benks;.

From Vulcan Parkway to the large meander a low flow channel becomes
'iucreasing more defined uith moderate vegetation .density 'grasses,1'
'tumoleweedsand brushes. The arroyO_hes a defined low flow channel for
abo_ut 2,000 feet east of the large meander e'ndl then becomes poorly
defined for the remainder of its - distance to the AMAFCA gabion grade

control structure.,

The Prudent Line Analysis described in this report did not extend
downstream (east) froxu Vulcan Parkwayl because this section of the
arroyO ‘will be concrete 1lined. Figure 5 is a typical arroyo

cross—section west of Vulcan Parkway.

In'summary, the soil within the study reach appeared to be fine sandy
unconsolidated material, and the ?vegetation density is moderate Q4

dense throughout the study reach. " The arroyo generally has a

trapezoidal cross—section with the side slopes becoming increasingly

- 13 -
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‘mild with distance from the esoarpment. The bot tom width also

. increases with distance from the escarpment. Throughout much of the

study reach a defined low flow channel is not viSible.
Aerial Photograph Analysis

Aerial -ph_otographs spanning a ‘ period of several years can provide

" information on ‘channel geometry changes and historical trends. Four

sets of photographs were obtained for"_the years 1935, 1959, 1967 and

-~ 1980.

In 1984, Denny—Gross and Associates developed a set of topographlc:
maps based on photogrammatical methods. However, these photographs
were not used because-theylwere so near in time to the 1980 Albuquerdue

Ortho_;photo thus offering very little ‘difference from the 1980

ortho-photo in terms of a long time span.

The 1935 photograph was taken by the U. S So:Ll Conservatlon Serv1<:e

at a scale of. s 31 680 The 1959 photograph was taken by the U. S

. GeologicalrSurVey at a scale of 1: 19,400, The 1967 photograph was also:

taken by the U.S. Geolog1ca1 Survey at a scale of l 25 952 The 1935,',

1959 and 1967 photos were all enlarged to a scale of 1: 2,400 for
comparlson in this study. The 1980 map used is the AlbuquerQUe
ortho-photo topographie Map No. F-10 which was based on photographj,r by

Bohannon—Huston, Inc. at a scale of 1: 2,400.
‘ | | R g 1

Therefore, a period' of 45 years can be inspected to determine

- geomorphic changes of the South Branch of San Antonio Arroyo. Figure 6

- 15 —
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is a compéfisonfbfithé'érroyo alignment shown by each photograph. Note
that Figure 6 is approximate due to parralax and scaling errors on the

enlarged photdgréphs.

The following paragraphs discuss the change in channel configuration

'detérmined from the aerial photographs (with reference to Figure 6).

Betwéen theéE¢ér§ment énd VUlcan Parkway the arroyo showed no bhange _ "
except for.a. v'ery“ short | r_eac;h | iminediately west of \;Tﬁlcan Parkway. The
arroyo élignment determined fro:m the 1935 photo 1s a.pp*rox.:i.fnate-ly 10
feét south of the alignment shown on the 1959, 196-7 and 1980 ‘photos.
BaSed,on the aerial photographs the arroyo alignment in this fea'ch has

' remained very stable.

'Easlt of Vulcan Parkway the arroyo showed -varying alignments in 1935
and 1967 near the iarge meander and other locations. However, this

reach of the arroyo_is planned to be concrete lined.
Arroyo Classification

T‘he_ SIOpe between the base of the escarpment and Vulcan Parkway
rip-rap transition structuré was determined as 1.19 percent. The 2-yr.
peak discharge used as the mean annual discharge for arroyo

classification is 85 cfs.

Baséd on a slope - discharge relationship developed by Lane in "A
| | | 2 4
Study of the Shape of Channels Formed By Natural Streams Flowing in

Erodible Material" (195?),,1 *fthe_‘ South Bram-:h'_(;f San Antonio Arroyo is. -

-~ 17 -
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';classified,és a braided stream.

" The a'rroryo' has gréde controls at the t.op 'and thtom' of the study

reach. The top of the a'rfo"yo reach is controlled by the escarpment.

-The bottom will be controlled by" the -prbpdsed rip-rap ' transition and

. concrete -box culvert at Vulcan Parkway. These controls will therefore

limit the net channel grade for the entire reach to 1.19 percent. The
net channel grade cannot be ‘lower than this _slopé,: but shorter

intermediate reaches could have steepér or lower slopes.
Arroyo Profile Analysis

The arroyo profile was analyzed using the cross-sections which were

surlve'yed ~in the field in 1985 . and | the | ‘Albuquerque orthophoto

' topbgraphic-Map'Nog F-10 (1980). The cross—sections were located on the
'*top1ographic map and Figure 4 shows the .profiles" from the proposed

rip-rap transition at Vulcan Pa'rkwa-y (Section 1) to the base of the

escarpment between sections 10 and 11.

- Figure 4 shows that the arroyo 'is degrading very slightly' from

Section 1 to appqroximately' Section 4, From about Section 4 to the base

~of the escarpment the arroyo appears to have aggraded since 1980.

Results and Conclusions

The South Branch of San Antonio Arroyo is a 'relativelyl straight
- - | i 4
arroyo .with a mild slope (averaging 1.19 percent). The arroyo bottom

width varies from 25 to 70 feet and bank heights vary from 15 feet at

- 18 —
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obtained. Figure 7 shows the representative bed material - sige~--

the base of “th_e'_ | es'carprnen.t to mildly sloping sides :-Iwhlic:h have no

‘defined top or bottom.

Based on an 'analy'sis' of aerial photographs spanning 45 years, the

_a'rroyo appears to be very stable with respect 'tp lateral migration,

The en'tirea.'rea'ch appeared 't_o be aggrading except for a short reach

approximately  100_ feet west of Vulcan Parkway. In thie reach an
extremely' small -low flow channel was visable which may indicate

degradation.

f . e e o g y———— _‘.

" EROSION AND SEDIMENTATION ANALYSI

_.....-'I""-'-'

Using the flood frequency distribution previoueiy 1develeped by
corhparison to a. tributary ' of the Bo'ce 'Negra Arro&o, addirional flow
frequency rates were selected by interpolatiOn froe the frequency curve
(Figure 3) so- that peak flow data for the 2-, 5-, 10—, 25—, 50—, and .

100-yr. floods on the South Branch of San Antonio “Arroyo at Vulcan

Parkway were established.

'Sediment Partitle Size Analysis

During the field_ observation, RTI staff obtained six soil saiﬁples,.
The'samples, classified by number and location in the watershed; are 3
bed samples, 1 floodplain sample and 2 watershed samples. A sieve

analysis was performed on all samples and gradation curves were

W

distribution. The flood plain and watershed gradation curves are

similar to the representative bed material.

- 19.-
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Sediment Continuity
AL Representatiee Subreaches

The South Brench of San Ani;enio Arroyo was divided into 3

representative sub-reaches for analysis of sediment 'centinuity._' The -

sub-reaches are numbered beginning at the base of the escarpment and

""werek delineated for physical characteristics of the channel, VélfJCit‘Y:T

sediment gradation and '_relatively uniform reach lengths, where
possible. The sub-reaches are shown on Figure 1 in plan view and on

Figure 4 in profile.
B, Sediment Transport Relations

A sediment 'discharge per unit width equation was developed for the
South Branch of San Antonio Arroyo based on the following data.
1. The representative bed material size distribution was broken into

6 intervals and the geometric mean of each interval was determined to

be as follows:

Interval  Size - Geometric = %» Of
Range = Mean Total Range
1 9.6 - 0.4 1.96 107%
2 0.4 - 0.28 0.33 107% .
3 0.28 - 0.21 0.24 157 T
4 0.21 - 0.15 0.18 207%
B 0.15 - 0.10 0.12 107%
6 0.10 - 0.074 0.086 107%
< 074 —— 257
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- Using this unit sediment discharge equation,

The D (50) size bed material was"also'determined_as 0.17 mm.

2. The max1mum. and minlmum slopes wlthln the total reach were

determlned to be 1. 95% and 0. 697 respectively.

3. The minimum and max1mum unit discharges were determined from the

2-yr peak Q (85 cfs. ) 1n a sectlon with the largest flow top Wldth (T-

= 77.13 ft ), and the lOO -yr, peak Q (651 cfs ), and in a section with

the smallest flow top width (T = 51.91 ft ) Therefore, the minimum

unit discharge is 1.1 cfs./ft;, and the maximum unit discharge'is 12.5

cfs./ft.. These hydraulic data were obtained from the HEC—2 output.

4. The maximum veloc1ty and maximum Froude No. were determined to be

P

8 97 fps. and 1.09, respectively.
- 2. Manning's roughness coefficient was assumed to be 0.035.

These data were 1nput into a computer program whlch solves for the

l\leyer - Peter Meuller bed load equatlon combined with the hll‘lSCElnl

suspended load equatlon. The resulting sediment transport per unit

width equation is

gs = 0.000062 (Y**0,803)(V¥%3.992)

where Y

the total sediment

- 22 _
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transport capacity of each sub-reach was determined as follows:

Step 1 -

The HEC-2 computer program was run for the total reach (including the
proposed ripfrap transition'into theboxculvert athplcan‘Parkway) for N

the following discﬁarges..

(1/2) 2-yr. Qp 43 cfs.

2-yr. Qp = 85 cfs.
5-yr. Qp = 169 cfs.
10-yr. Qp = 226 cfs.
25-yr. Qp = 324 cis.
100-yr. Qp = 651 cfs.

" For each sub-reach and each Qp above, the QS was determined (using

the derived equation above) for each cross-section.
Step 2 -

The average qs for the cross-sections within a s'ub—re:;ch was then
multiplied by the average top width of the sections in the sub-reach to

obtain the total sediment discharge (Qs) for that sub-reach.

Therefore, the range of peak discharges (Qp) and the correspohding
sediment discharges (Qs) were determined for each sub-reach. A

regression equation of the form

Qs = a Qp¥**b
Xk

x».;as then developed for each sub-reach. Coefficients a and b were

derived for each sub-reach.

~ 23 -



- Step 3 -

Triangular Shaped- hydrographs were developed from tli-e ruhoff
hydrographs of the 2-yT., 10—yr.,_ 25-yr., and 100-yr. Storm_s as shown
on Figure 8. The procedure for determining the triangular hydrographs

is as follows.

1. The volume under the triaﬁgﬁlar :hydfograph and the runoff

hydfograph must be eqﬁal._

2. The rising' and 'fallling limbs of the triangular hyldrograph should

be equal (the triangular'hydrograph is symmetrical about the peék)._

This procedure allong with the fact that a runoff hydrograph has more
volume to the‘right of the peak than to the left (not stmetrical about
the peak) account‘s for the lagged triangular hydrograph peak as shown

in Figure 8.

The total duration of each triangular hydrograph (d) was then

determined frOm'Figure 8.
Step 4 -

The total sediment transport capacity per storm for each sub-’-reach
was then determined using an equation of the form
Qs = (a Qp*¥b) d/(b+1)

R

where a and b were previously derived, d = the total duration of the

triangular hydrograph in seconds, - Qp = the peak discharge in cfs., _ahd




Qs = the sediment transport capacity in cu./ft.
C. Storm Related Aggfadation/Degradatidn

The a.ggradatioﬁ./ degradatien volumes .for each reach were .determined'
ﬁsing the sediment ‘_'transport capacity of1 each reach by application of
eedimenecontiHUity principles. In short, if thetransport'capacityof+

| en upstream sﬁb-’—reaeh is greater than that of a .downstream sub-reach,
. then deposition will eccﬁf in the downstream sub-reach. Ifl-the
transport capacity of the_ upstream .seb—reech is less -than the
ddwﬁstfeam sub-reach, then erosion will occur in..the_ downstream
sub-reach' until the ‘volume of sediment being transpcl)r‘ted equals the

transport eapecity (Qe).

For aggrading reaches, a bulking factor of 0.6 was applied to account
for compaction of the‘ sediment. Therefore, the voiume of deposited
sediment was assumed to be 60 percent greeter than the volhme of

 sediment re'moved from the water flow. However, 1n -degrading reaches
the volume of sediment erodedl and the volume in i:he water flow were

assumed to be equal.

Table 3 1lists the .aggradation or degradation volume for each

sub-reach for the 2-, 10-, 25-, and 100-yr. floods.

Equilibrium Slope Analysis
xxE

Bquilibrium siope 'is determined by assuming that, if over the long

term there are no changes in channel geQmetry or sediment supply, an

- 26 —
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| eq'uilibrinm. _'slope" would be achieved. 'Equilibrium slop'e:' implies that

Qs(in) = Qs(OUt),ttherefore no ageradation or degradationrwonld occur,

The unit sediment transport equation derined previously was based on
factors .for the 'entire' reach and .'therefore is applicable for
equilibrium slopel dete_rmination. The following equation (developed by

.* Sim_'ons Li and Associates) was used to determine the equilibrium slope

for each reach.

Seq..= Sex. (Qs snpply/Qs capacity)%*(Z/(b—x)j

where x = 0.6(0.666 b + ¢)

- Seq. equilibrium slope

o Sex. existing slope

Qs supply = supply of sediment to the reach

Qs Capacity sediment transport capacity of the reach

i1

b and ¢ are defined in the unit sediment transport equatlon
as the coeff1c1ents of velocity and depth respectively. '

- The unit sediment transport equation is
= 0.000062(Y*#*0,803)(V¥**3,992)

Therefore b = 3;992 = 0,803 |
~ and consequently x = 2.079 and 2/(b - x) = 1,045

The resulting equilibrium slope equation 1is

Seq. = Ser..(Qs_supply/Qs capacitjj%*l.045
Table 4 lists the results of the equilibrium slope analysis.
Definition of the Representative Storm

As _disoussed previously, erosion potential was considered for th&*¥
short term (100-yr.) and the 1long term (25-yr.) which is the

cummulative effect of many storms over a 25-yr. period.

- 28 —
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T'he long term (25 ~-yr. ) e’rosion ' poten'tial is based on the

- representatlve annual flood multlplled by 25 years | Simonst-Li &

Associates developed the follow1ng equatlon "which considers the.annual
probable occurrence of storms with various return periodsr”

0.01 (Vols 100) + 0.0l (Vols 50) + 0.02 (Vols 25)

(Vols r) =
-~ + 0.0 6 (Vols 10) + O 1 (Vols 5) + 0.3 (Vols 2)

where Vols - sediment yield
r = representative annual storm _ -
100, 50, 25, 10, 5, 2, = recurrence interval

Sediment volumes were determined previously for the 100-, 25—, 10-,

and 2-yr. storms and the values for the 50— and 5-yr. storms were

‘obtained by interpolationr

Table 3 liets "the" rebresentative annual aggrédetion/degradatiOH |
volumes and the resulting long term (25-yr.) aggradation/degradation'

volumes.

fﬁﬂﬂll______ _l_l?
LATERAL _ MIGRATION ANALYSIS

The lateral migr'atiOH potential for ‘each sub-reach was determined
based or the qualitative geomorphic analy51s, fe};ment &ontlnulty%and

equilibriurr.l‘,_ slope analysis. Sub-reach 1 and 2 will aggrade over the
— +

short and long term and consequently the erosion potential beyond the
100-yr. flood limits is unlikely.

B &
Vertlcal bank failure is possible in Sub-reach 1 along the south bank

at the vertical walls between Sub-basin J and the base of the

~ 30 —



‘es.carpmen'f: (szee Figure 1). .Howev.er, no deve..lopme:nt is pla*rim-ed; ‘west of
Sub_basiﬁ_J.‘Verticél bank faiiure is possible'élong fhe steep fa;es of
Sub—_-ba'sin I at the ‘location’ of the apartmeht 'building: (Figﬁre 1). The
problem will bé elimiﬁafed by the Construt:tibn of a gabion retaining

'_wéll which will providé protection from bank failure.

Vertical bank failure will not occur in any other locations within
the study reach'_dﬁ'e too _LVLlery mild side slopes (see Figure 5). T-herefo're
the 100-yr. flood plain bo'undary as shown on Figure_ 1 is the prudent

line for sub-reaches 1 and 2;

Sub-reach 3 will degrade ‘under both the short and long term
conditions. 'S'le-+rea'ch 3 will have' the most degradation in the long
term and therefore the lateral migratidn distancés_were determined,fdr

the long term.

The total degradation volume within Sub-reach 3 was assumed to be
- eroded from the banks and none from the channel to give a conservative
Lestim_ate_ of the distance for lateral migration. Furthermore, because

the diljeci':ion _Of lateral migration is not known for certain, the total

%
3

volume of'sediment was assumed to come from either bank. The sediment
; ‘ b v . .

was asssumed to erode uniformly throughout each sub-reach. The
distance from thg thalweg to the erosion face for each cross—section as

given in Table 5 was determined as follows.

v {

The volume of sediment eroded between cross—sections was divided by

the channel distance between cross-sections, to determine the average

—~ 3] -




-cfoss?SECtiQnal_.area that :COUldi be lost to provide the | ﬁolqme of
sediment.  Using the 1crosls_'-s'e(;tion' plots and _ assuming an angle of
repose of 26 ‘degrees (2H:1V), the required cross-sectional area ‘and

consequently the distances from the thalweg were determined.

The channel _relocaf:ioh 'di-sco"\r_'ered in the 1935 aerial phbtog‘raph as
- shown dn'Figure 6 lies within the lateral migration limit.

_--—-—l——-_'-__-_‘*_—_-—-—-*—-h-—#—-h

| OFFSET_TANGENTS _____§

As discﬁésed'previoﬁsly, sub-reaches 1 and 2 are in an aggrading modé
andhistorical‘e§idence1(aerial photograph analysis) indicates'that the

- arfoyo.will _reﬁain w.it_hin' the 100—yr'. flood plair.lh boundéfies as éhown*
oﬁ-?Figﬁfe 1.* Tﬁerefore, offset tangehts were -not defermined' in
sub-reaches l and I2 because the 100—y;. _flood plainl 1s t‘he prudént
line. I- Consequently, l a proposed dréinage righi_:-of—wéy inclqding the

entire 100—Yf. flood plain was plotted.for future platting purposes.

Sub-reach 3 will degrade according to the sediment continﬁity
analysis‘+and the équilibriumslope analysis: énd. tﬁerefofe- OffSef

- tangents were d.e'termi‘ried.  The 10ffse‘t _taﬁ‘gent-lines in this_ sub-reach
as determined by the lateral migratioh analysis are shown on Figure 1.
The:'offset- tangent. lines generally exceed the 100—yr.f fléod 'plain

- throughout Sub-reach 1.

Figure 1 shows that the proposed drainage right—of—way is beyond the*.>
100-yr. flood plain limits in sﬁb—reathes 1 and 2. The proposed

right-of-way limit within Sub-reach 3 1is the offset tangent line or a
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| 1ir-1e_:_'which is outside the flobdplain and offset t-angent line. This
o ~allows for use of straight line boundaries to simpiify platting.

B OPERETibN AND MAINTENANCE -

The rﬁai‘_nten'ancfe costs alss_ociated with the 2-yr., 10-yr. , .25—yr. , and
representative annual storm, and thelbng term effects of annﬁal storms_
are basédon two factors. The aggrédation/degradation volﬁmés;as given_' 
in TableB'and revegétation that may be neceséary due-to aggradation or

degfadation.

Téble 6 lists thé costs for removal and1hauling of sediment from the;”

' aggfadingréaches and the éost of fill forrdégrading reaches. The unit.
coét for removal and hauling was $4.00/cu. yd and tﬁe uqit cost for
.bOrfow énd hauliﬁg 6f suitéblefillmateriallis,$5.00/cu;1yd. as given

in "Contract Documents for City'Wide Utilities and Cash Paving No. 31",

Table © also lists the-rQVegetation cost associated with each Stbrm.- 
Therevegetatioﬁ cost is $3,000/aCrerforhydro mulchingﬁithirrigation
twice a _'dayi for 'th_e first two ﬁeeks and once a day ‘for the second two
wee'k‘s. - This cost alnd . irrigatio‘n sphedule wé.s obtained from' ther City .
Parks and Recreation Opén Spaée Divisibn and was based on their

experience with revegetation projects on the west mesa.

~ Revegetation costs were only determined for Sub-reach 3 which may
degrade and thus vegetation may be lost. The surface area requiring
revegetation in Sub-reach 3 was determined as follows. Using the same

method discussed in the lateral migration section and using a typical
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arroy'.o cr'dss—_'-sec‘tior.l "(Fig'ui‘e 5) - the lateral migration ~distance and

corresponding eroded perimeter was determined. The average eroded

perimeter multiplied by the '_reéch length equals the average eroded

area. Table 7 gives the results of 'this' p'r'oc:ediure and these results

were used to determine the revegetation cost given in Table 6.

.
*%

Sub-reach 2 is expected to aggrade and is not expected to require

| r'evegeta'tion'forl-' the following two reasons. The ‘estimated deposition

deptﬁ for Sub-reach 2 was determined by using a typical arroyo
éross—sectioh (Figure 5)- with the 'wetted‘ perimeter corresponding 'the.

2—)_?1'.,' -'1'0—_yr., 25—yr.' and 100-yr. peak flows. The wetted perimeter

multiplied by the reach length determines the total deposition area

(assuming uniform dep'ositi::jh acroSs ; the wetted perimeter and o';curing
fr'oni the hydro’graph peak to thel hy-drograph ter'minus), ‘The aggradation
jv'olumes in Tablie.3_dai'v‘ided by thewe‘tt.e'& rarea' for each stom determines
the estimatéd sediment depth throughout Sub-reach 2. 'The results of .

this procedu:é are given iﬁ_Table 8.

'TheRepresehtativeAnnual aggradation depth will be between the 2-yr.

and 10-yr. depths based on aggradation volumes (Table 3). The long term

. .. aggraded sediment depth will occur very_ sradually and therefore, the

vegetation should be able to adapt to this gradual change. The 100-yr.
storm may -produce an average sediment dept.h of 0.63 feet and the other

storms = would produce' insignificant sediment depths. Therefore, as -
| ' & W W

gl gyl g A

described in the following' paragraph, revegetation ‘will not be

necessary.
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.~ As discussed in the qualitative geomorphic analysis, the arroyo in

'Sub'-r-ea}_cih 2 .is"mo.delr;atly‘ "tb"dle'n.é'ely ‘vegeta'ted ‘and 'jz'e:ry. dense 2 - 4 ft.

tall bushes are preSen’t‘;i ‘The estimated 100—yi‘. '.sedi'm'elnlt depth is olnlly

0.63 feet and theféfore' the bushes wbuld nét be buried danger. The

smaller grasses andl'plants méy be buried; thever,l the existing R

vegetatidn' and mild slope in S_ub-re'ac'h 2 (éee Figﬁre 4) indicates that

this reach may infiltrate a considerable volume of storm runoff. Thus

 the area willinathally revegetate with grasses.and other vegetation.

Based on the above discussion, a revegetation cost was only tomputed

 for Sub.—‘-'reach 3 .an.d is given in Table 6 which also gives the total

revegetation, soil removal and fill costs fpr-sub—reéchés 1 and 2. The

_costsgiven in Table 6 for _r_émoval of sediment in Sub-reach 2 is v"ery'
‘unlikely to be a realify based on the a#erage'sedimeﬁt depths given in

| Tablé 8_. Therefore; the dnly maintenance cost expectled' for the study o

reach is within Sub-reach 3. The vertical bank failure thét'may occur

on the south b'anklk between Sub-basin J and _t-he base of the ‘esc_r-pm-entf

(see' .F_igu're 1), will need to be addressed during design of the open

space trail/bike path that is proposed at this location.

A gabion grade control structure is a possible solution to accomodate

the posSible degradation in Sub-reach 3. The structure would be located

at the junction of sub-reaches 2 and 3. The elevation drop necessary to

- reach the e_q_uilibrium slope for Sub-reach 3 is 3.77 feet and Wag x w

determined as the difference between the existing slope multiplied by

the estimated distance of 315 feet the equilibrium slope multiplied by

-39 -
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| 315‘feét:."The unit cost for gabidns is $l30/cu, jd. and filter cloth
is ‘$1/s'q._ ft. as givéri in "Contract ‘Docﬁment‘s for City Wide ["]‘tilitie.:é '

" and Cash Paving No. 31",

A conceptual gabion gradecqntrolsfrutture may consist of a 110-foot
wide struéturé with 1efdot thick aﬁdIZO—footlohg géﬁion mats at either
end, and a .15-foot drop. This structure would hafé a total \.rolum:e",of
. " 261. cu. yd. 'ar_ld 7,7OOFSq. ft. - of- filter cloth woqid Ib‘e ré'qﬁired.
Theréfore, the estimated cost of the gabion is $33,930 and the filter

gloth would cost$7,700 fot a total cost of $41;630.

The channel between Vulcan_ Parkway and the 'gébion gra‘de' colnt'rol
structﬁre would Lbre g.racli'e‘d ét* Ithe eqﬁilibfitdlm slope; and _réveg’etafion
would be necessary.  A rough calculé;ion oflthe earthwork volume to be
- removed was .determinedr | as the area of a right angle triangle with a

315-foot base and é vertical side of 3.77 feet multiplliecﬁi by a .10-foot
width equals 220 cu; | yd - The cdst of r'e-m-ov-al equa_lls ( 22.0 cu. .
yd )(4.00/cu . yd.) = $880 Th+e revegetation cost was estimated aé
10;fodt bottom width plué two (ZO—foot gradéd'widths toreachéxisting
undistﬁrbed g;ound,ﬁn each bank, mﬁltiplied by 3315—f00t1iength; LThis
éréa equals 0.36 écres. The cost of revegetatiori I= (0.36

acres)($3,000/aqre = $1,080).

Another added cost that is not included in this cost estimate for a
| ' Sk ¥ &

eyl o

gabion grade control structure is surveying of the equilibrium slope in
Sub-reach 3. _Therefore, a rough cost eshtima_te for the gabion grade

control structure and excavation to - the ‘equilibrium slope with
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revegetation is $43,590.

RECOMMENDATTONS

The recommendation for a plan of action is based on economics. As

 discussed p'reviously; ‘a rough cost estimate for a gabion grade control

_' structure and a_SSocia'ted works is $43,590. The total costs for leaving

the arroyo' in its n_a_tural- state are given in Table 6 for Sub-reach 3.

The annual cost may be $730, a 100-yr. storm may cost $11,460 and the
representati\?e annual cost (considers the annual probable occurence of

storms with various return periods) may be $1,612,

Based on the above discussion, leaving the arroyo in its natural

state appears to be a feasible plan of action.

.3 M@=
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: 934 Main Ave., Unit C
Elabrlﬁnsge&” Durango, CO 81301
Engineering Ph (970) 385-4546
Fax (970) 385-4502

February 16, 2009

Brad Bingham

City of Albuquerque

Development and Building Services
Plaza Del Sol Building, 2™ Floor
6002" StNW

Albuquerque, NM 87102

Re: Petroglyph National Monument — Rinconada Day Use Area Improvements

Mr Bingham,
We are resubmitting our 60% submittal package along with storm runoff calculations for
your review.

Per our discussion on 2/10, I have also included a quick storm runoff calculation using the
rational method and assumptions that should be conservative for a project of this size (less
than an acre). This spreadsheet highlights the worst case scenario as far as increases to
flow volumes are concerned, showing projected increases to the flows for the 2, 10 and
100 year storms. All flow within the site will be along the surface and will be conveyed
via curb and gutter, valley pans, curb cuts and swales. The offsite drainage will be routed
via a swale on the north and east sides of the proposed parking lot to the existing roadside
ditch running to the northeast from the intersection of Unser Blvd and St Josephs.

We were able to route significant portions of the runoff through the center island within
rock-lined swales. This will account for some amount of infiltration that is not reflected 1n
the calculations, providing you with a more conservative estimate of the flows.

Please let me know if you have any more questions regarding this project or if there are
any more steps we need to take with the City of Albuquerque. I appreciate your continued

help with this project and we looking forward to a successful completion later this summer.

Sincerely,

PP e

Drew Chandler, P.E.
Project Engineer



100 YR|100 YR{100 YR
Areal1 | Area2| Area 3

10 Year | 100Year | . .-i'." 10 Year 100ve Yaar 2Year | 10Year | 100 Year 2YR12YR|2YR|10 YR
mtﬂ,ty lntussty 2 Year Area Flow Rate Fiow Rate | Flow Rate Area1 | Area2 | Area3 | Area | Area | Area|Area 1
Coefficient coafﬁczent Coammnt (cfs) " {cfs) (cfs) | (Acres) | (Acres) [(Acres)| 1C | 2C | 3C| C

) C C C
mmmmmmmm 049 | 045 | 0.04]0.28 | 0.25 0.50 | 0.58
.+ r -+ .t -+ -t ;b | grass_|_gravel ]

Developed| 004 | 1000 | 275 | 550 | 1000 | o078 [ o8 | o090 | 202 | 431 | 847 | 0.12 | 0.82 0.04 | 0.89 0.25 0.50 | 0.96

Net increase in flow (cfs)] ' 1.62 | - 260 | 341 grass | asphalt

| | concrete




