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Floodwater Lessons Learned
Channel Stabilization
In Santa Fe, NM

1. Course Overview

I am proud to present this course. | was a young civil engineer with the Corp of Engineers when
I was called out to investigate some minor flooding in Santa Fe, NM. The cause of that minor
flood was a large branch caught in a concrete box culvert under St. Francis Drive. There | met
the Santa Fe city engineer. He explained his long-range plan to reduce the number of residents
in the 100-year floodplain. The challenge he faced was a large number of old (Santa Fe was
started in 1607) structures that functioned as de facto grade controls. These structures had raised
the channel bottom and robbed the channel of much-needed floodwater capacity. His plan was
to remove these structures and let erosion wash out the accumulated sediment. It worked!
Neighborhoods were removed from the 100-year floodplain. The erosion brought challenges to
stabilize the channel at its new capacity. This course describes how those challenges were met.

I was inspired to meet a public servant with the confidence and judgment to pursue a plan that
benefited the citizens of his community.

This course satisfies 2-hours of engineering continuing education requirement for Professional
Engineer license renewal.

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

This course in Floodwater Lessons Learned: Channel Stabilization in Santa Fe, NM is intended
to encourage the engineer to consider the big-picture result of field performance of many projects
over many decades.

The engineer’s duty is to make things work. Following instructions, complying with the law, and
using current best practices are usually good enough for the present. But the engineer’s task to
make things work in the future. This requires making projections about future conditions and
use. While engineers prefer hard facts, we are sometimes forced to work with “soft data” that
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require evaluating many possible options. During this evaluation, we use legal requirements and
best technology as tools.

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

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

2. Learning Objectives

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

= Recognize many defects in existing flood control structures.

= Review plans to avoid those defects.

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

= Be able to consider making and implementing a long-range urban vision.

3. Summary

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

Reference Socorro Diversion Channel Lessons Learned by Professor Richard J. Heggen
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CHANNEL STABILIZATION
IN SANTA FE, NEW MEXICO
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Channel Stabllization in Santa Fe, NM
Lessons Learned
The Projects

The U.5. Army Caorps of Enginears has six channel stabilization projects on the
Santa Fe River system:

Project Ermargancy Flaod Control Wark, Mascaras Amoyo
Contract DA-29-005 CIVEMNG-59-9

Final Inspection 1959

Projact Santa Fe Emergency Flood Control Prgject, Phase |
Contract DACWAT-70-C-0001

Final Inspection 2 April 1870

Project Santa Fe Emergancy Flood Control Praject, Phasa |1
Contract DACWAT-71-C-0011

Final Inspection 17 March 1871

Project Flood Protection of Capshaw Junicr High School
Contract DACW4T-73-C-0064

Final Inspection 5 September 1979

Project Streambank Protection on Alameda Street

Contract DACWAT-91-C-0007

Final Inspection 25 July 19931

Projact Emergancy Bank Protection, County Road 62 Bridgs
Contract DACWAT-94-C-0024

Final Inspection 27 January 1985

—
The Capshaw and County Road 82 projects are single structures isolated from
ather channel stabilization works. The other four projects consist of multiple sites and
structures that cannot be meaningfully evaluated in isglation. Some sitas contain
canstruction from more than ane Corps project, or a Corps project and previous ar
subsequent work by another agency.

All sites are similar in stabillzation practice, relying extensively on gabion baskets
for bank protection and grade control, Most structures are designed to blend into the
natural channel marphology.

In 1970 the Corps notad, “This mefhod of bank protection is not common with the
Corps ... This praject is the first instance of gabion use in the Albuquergue District. it
would appear that this rmethod of bank protection is ideal to fif the gap betwaen
situations reguining mass concrate (or grouted nprap) and those where Keliner jacks
perform 50 well.”

Richard J. Hegoen, Prafassor of Civil Enginaering, University of Mew Mesxico, July 1997
Page 1
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The Review
This review assesses the optimistic /deafof 1970.

This review covers approximately a dozen channel reaches, several having
multiple improvements, This review covars slructures inspacted in the annual Comps
fiald visits. In some cases these reports include non-Corps construction functioning in
relation with Comps projects.

Bacause the improvemenls tend to be relatively small constructions at different
locations, it is not uncomimon to find an improvement that works in one place does nat
do as well in ancthar,

With ane exception, thiz revlew |5 1opical, nol specific to a particular site and nat
focused on deteil. The exception is the Sewer Line Crogsing case study.

The Short Answers

The following "short answers” are general themes drawn fram the subsequent
topics.

What Warked

The dramatic 20-year channal degradation has decalerated. While there is no
assurance that the channel has stahilized for the long term, solulions are evolving. In
terms of immediate problems, roughly 30 percant of the Corps construction segms o
be productive.

Bemaval of grade control stucturas has increased local flood conveyancs
capacity. Much of the Santa Fe River overbank downstream of St. Francis Drive is no
longer in the floodplain.

What Didn't Wark

Bemoval of grads control structyres has not rectified the City's flooding
vulnarability. Neither floods nor sediment are wall managed by arbitrary intervention.

Like ballarinas, hydraulic structures are no better than their toes. Most failures
Initiate with undercutting. The best structure can topple. Most successtul structures
owe thair existance to a channal stabilized downstream.

Much Coms effort relates what might be called “Section 14 fixes". At risk of
ovarsimplifying a body of law and procedures, the concept of “emergency response”
permeates the engineering. In the spirit of military strategy, the Santa Fe River has
been too-often seen as Granada. Unfortunately, it is Bosnia.

Cogrdination is woeful. Santa Fe River stakeholders lack undearstanding of
causality, agreement on objectives, commitmant to salutions, and a spirit of mutuality.
Gabions cannaot fill this veid.

%

Paga 2
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Sideslope Protection
What Warked '

Fig. 1 shows floodwall gabions tiered
at a 12-inch layback, not 18 inches
as specified. Bacause the toa is
stable, as indicated by the
overgrowth, the canstruction arror
can be tolerated. If the ioe bagins to
rotate, howewver, toppling may follow.

Sidewalls fail when the toe is
undercut, Tha fooling must extend
below any conceivable scour. Fig. 2
illustrates trenching to this effect,
While a practice of, say, 5-foot cover
may reflect general experience, the
depth iz only meaningful when long-

term trends arg understood. g

F

e R YTRE g T A
igure 1. Stable sideslope protection,

g s
L

Figure 2. Tranched sideslope toe

Fage 3
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What Didn't Wark

When a gablan ar rock maltress is undarcud, the wire bears the weight of the
rockfill, as shown in Fig. 3. Rupture follows.

Fig. 4 illustrates a
sevaraly undercut wall
footing. The bridge pier
upstream already has
been replaced. The wall
will fail as scour
continues.

Fagae 4
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The aasthatic
reckwark in Fig. 5
appears to defy
gravity. Ulndereod
sidewalls must
be retrofit with
gabion toes,

Page 5
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Fig. 7 illustrates
the rotation of
sidewall gabions
inta the channel
as the bed
degrades.

Endwalls are
vulnerable to T,
erosion. The wall |rFigure 7. Rotated gabions
in Fig. 8 needs a
fiebarck.

Figure 8. Exposed endwall

Page §
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Dumping extra rock at the end of a structure, the Fig. 8 effort, is not a satisfactory
endwall termination.

s e S i e T e s s ke AL TR T e et S e p—— .
e o 2 ;

Figure 8. Ineffective rock pile —

S

Page 7
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Grade Control

What Worked
The weir of Fig. 10 has end protection, thaugh it appears to be too surfacial

Figs. 11 and 12
show a recent
grade control
imprevament,
bearing little
resamblance to
FPhase | and 1l
improvements.
This structure
rasembles a
suggestad
Maccaterr
configuration.

Figura 11. Design for pemanence

Page 3
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Figura 12 Testad by natura

nl idn

While the
grade control”
structure of
Figs. 11 and 12
functions wall
hydraulically,
its rock
mattress wall |s
vulnerable to
undercutting,
as seen in Fig.
13. Spedcified
toe burial was
not done.

Figure

several inspecticn referencas.

Bana O

The Cily intentionally remowved grade control structures 1o increase channel
capacity. Thasa structures include culvers replaced by bridges, sills constructed by
befare the 1960"s and rock barriers which may date fram the 1930°'5. Following are

PDHNow
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30 July 1974, Several structures lowered or removed as part of City plan to
increase capacity.

23 March 1976, Failed rail and gabion protection of sewer ling. Scour action
now able to progress upstream, the stated objective of the City Engineer.

149 May 1283. The City is still lowering stabilizer structures one rock at atime to
increase channel capacity above Old Santa Fe Trail,

February 1998, Most old grade control structures are gone, contributing to the
degradation of the low flow channel.

Fig. 14 is a breached check dam. The fitlted masonry construction indicates that the
construction is old, The channel has since degradad. From the perspective of
ingreasing flood conveyance, this works wall, afthough withoul much benefit to the
community because of inconsistant employment.

In a mare encompassing management consideration, the grads sontrel ramaoval
strategy Is flawed. Scour Knows not where to stop.

FPaga 10
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Oldar grade control
structuras ndt
purposafully breached,
such as the rock wall
weir In the bottam of Fig,
15, need care, The slab
rocks balow this
structure arg undoarcut.

Fig. 16 Mustrates
the consequence
of lateral
migratiocn arcund
a grade control
structure. End
protaction better
than that of Fig.
10 is requirad.

el

1

Figre 16. End ernsn

Fage 11
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What Worked

Visually, Fig. 17
S2EMS an
unlikely
candidate for the
"What Workad®
calegory. The
box culvart can
arrest a headeout.
Lintil they
collapse into the
void below, box
culverts provide a
lime of defense.

e B U A

Figure 17. One way to halt a headowt

Crossings —— - — ~ l

Crassings that do not constrict the bad are lass likaly to induce scour, as shown by
the 70-year stability in Fig. 18, ;

Fiqure 18, Wide crossing

PDHNow
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What Didn't Work

Mexico State

Road crossings in degrading reaches require extensive channel pretection.
Unfortunately, such protection is does not satisfy all agsthetic tastes, Fig. 19 is the New

i

Highway and Transportation Department's solation to Fig. 17,

Local fixes tend to fail. Figs.
20 and 21 show the
keginning and end of a
three-tier gabion drop at a
Crossing.

Figure 20. Gabion walls ars flaxible, ...

A W
i nagEy K SN

ik

]

Page 13
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Figure 21. ... but r_miyr éu far,

Piers allow headcuts to march upstream, as seen in Fig. 22, While cancrete casing
around an |-beam may provide little structural strength, exposed steel is perceived as
unsafe.

Figure 22 Public confidance can ercde with the channel bed.

Pago 14
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A deep enough drop structure can protect a crossing from scour, More often, this
strategy just moves the problem.

Figure 23. Anather local fix

20
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Vegetation
What Worked

Where general scour is absent, vagatation can protect sidewall footings. In Fig. 24,
gabions protecting the older rock wall are successfully overgrown with grass.

I.1 i3 .. _:ir;- ._I..., : "? ..

Fig. 22 shows
complementary
vegelation and
siltation
covering a
gabion toe afler
25 years. The
butied mash
has probably
cattaded, which
is acceptable if
general scour
doas not ocour,

Figgure 25, ‘u"getatmn and sedf.ehtﬂtidﬁ

Page 16
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B

Figure 26. Trea protection

Trees provide additional wall protection, as illustrated In Fig. 26.

(e } '_

What Didn't Wark
Shrubs and saplings
rocted within gabions
will eventually
compromise the
structure. The City
generally ramoves the
type of growth shown in
Fig. 27.

Figure 27, Growth in gabion wall

=i : -

Page 17
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Fig. 28 shows
wall damage by
trees left to
mature.

Channel
overgrowth
including
saveral-inch
diameter lrees,
saen in Fig. 29,
has not always
been removed in
a timely manner.

Figura 29, Cvergrowth

Fage 18
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Figs. 30 and 31 demanstrata an over-
reliance on wvegetation. Tree trunks
can resist wall rotation and tree roots
can hold up foundations, When the
vagetation dies, however, so will the
structura

Figure 30, Tree trunk wall

Figure 31. Root foundation

Page 1%
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Rundowns and
Drains

What Waorked

The Fig. 32
autfall serves its
purpose, despite
acrack in the
concreta lip.

What Didn't Waork

Fig. 33 shows the conseguence of a4
flowpath down the side of a rundown.
The initial culprit was more likely
local flow than the design discharge
from the outfall.

Figure 33. Erosion along side of rundown

Paga 20
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The stormwater outfall of Fig, 34
lacked a rundown.

The source of the drain of Fig. 35 is
unknown. A praconstruciion survey
should have identified the location.

26
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Materials
What Worked

The gabion
rockfill has
proven to be
satistactony.
Riprap wira in
reaches with
infrequant
ephemeral flows
loaks almost new
after 25 years, as
seen in Fig. 36

Rails appear to
be standard
practica. Fig. 37
shows use af a
double row,

QA

Figure 36, 25-year gabions in "as built™ condition

Figure 37. Double rail rows

Pago 22
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The gabkion wall in Fig. 38 is
reinforced by rails in the far
section and unreinforced in 1he
near section. Note the bulging in
the unreinforced section,

What Didn't Wiork

Figure 38. Bulged unreinferced gabions, straight

reinforced gabions

Gabions in reaches with frequent flow may be approaching the end of thair
effective life. Galvanized wirg corrodes in meist environments. When the channel bed
degrades, compromised bottom wires {the tarm “rotten” is used in the inspections! are
exposed. The wire suffars breakage due to abrasion and snagging by debris. Gabions
appearnng sound from abowve, particulatly if their toes are overgrown, may be

affectively open
bottomed.

Many rockfill
structures appear
to push the lowsr
end of the
diamatar
specification. The
racks of Fig, 39
appear to be
large gravel

28
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Fig. 40 shows the
consequence of small
and rounded rockfill.
Whan the wire corrodas,
the contents escape.

Rackfill has washed out
of the Fig. 41 gabion,

Figure 41. Lost rockfill

Page 24
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While grouting slows some undercutting, the practice appears ta be stop-gap at
best, Grouting in Figs. 42 and 43 is undercut.

e e

A i b
Figure 43. Grouting failure

Page 25

30



PDH-Floodwater Lessons Learned:
Channel Stabilization in Santa Fe, NM PDHNow

Abrasive sediment-laden flow can
consume concrete. Fig 44 shows
two years worth of wear,

Five years of Santa Fe ultraviolst
light cannct degrade the
"degradable” plastic mesh used for
revegelation in Fig. 45.

Figure 45. Petrochemical groundcover

FPage 28
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Agssessment
What Weorked

The record of channel change is adequate. The Cams inspection record provides a
continuous history through the years of great change, a starting point far further
planning.

What Didn't Work

As late ag 1988, annual Inspection repeorting used the inappropriate Albuquergue
District Leves Inspection form. The Inspection format should be specific to tha project.
An improved example is the form developed for County Road 62. Good and bad
inspection format examples ara attached.

Gabions are not perpetual, an understandable oversight in Maccatert literature.
Cormps maintenance manuals should quantify the maintenance effort based on
expenence.

Lack of consensus regarding cause leads to local, short-term, and inefficient
engineering. Understanding may incorporate several factors and may vary by location,
Following are some suggested factars for the scour history:

1. Parkway channalization (1968-71) reduced channal width and avarbank
slorage area.

2. The City removed grade control structuras

3. Paving and urbanization led to low permeability of compacted soil. The time
of concentration decreased and the volume of runoff increased.

4. Exposure of soft sandstone with conglomerate lenses led to |nc:|5|ng,
namowing, and increased thea unit discharge.

5. Gravel mining initiated headcutting.
8. Upstream dams and water supply features cut off sediment sources.
7. Deposition in Arraoyo Mascaras decreased the sedimant supply.

Lack of sciantific data stymies solutions. The Committee on Channel Stabilization
{1890) proposad a plan for the data. Much of the data needs only to be compiled and
unified. No autherity, unfortunately, has carred through with the effort. Without a
systamatic specification of sediment sources, transport, and the geomorphic
adjustment, it seems improbable that engineerad solutions will substantially improve.

Lack of a sediment process model hinders salutions. The model need not
necessarily be a computerized HEC-6 or a HEC-RAS extension. It could be a
simplified set of scientific relationships that govern channel bahavier. The science is
available.

In addressing jurisdictional-perceived problems, the Corps, City of Santa Fe, Santa
Fe County, and the New Mexico State Highway and Transportation Department are
prone to autonomous solutions. The river remains unaware of the distinctions.

Fage &7
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Project aasthatics loom central to decision making, seemingly more so than flood
contral. The public dasires a "natural™ waterway while hydrology and geomorphology
ceased to be "natural’ decades ago. Constituent palitics has led to channel satisfying
neither conveyants or beauty.

Inspection Note Summary

Posltive general comments predominate in many inspection reports, e.g., "Good
condition®, *Satisfactory”, et¢. The attached spreadsheet tabulates the problems noted,
in most cases directed toward local irregularities.

Papge 28
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Sewer Line Crossing
Intreduction
A sewer line crosses the Santa Fe River between St Francis Drive and the Ammoyo
Mascaras confluence. Fig. 1 shows the 1981 topography. Tha sewer ling crassing is

Site & of the Caorps Santa Fe River Emergency Flood Conirol Project, Phase 1 and
midpaint in the 1932 channal lining by others balow St Francis Drive.

Santa Fe River discharge is approximately 4800 cfs for the 100-year event, 3340
cfs for the 5Q-yaar avent, 2320 cfs for the 25-year event and 2100 cfs for the 15-year
event. Fig. 2 shows the 100-year event flood plain for current conditicns.

The sewer line crossing is only a small part of Santa Fe River sediment control
issues. Corps involvement is only as a small portion of its Phase | improvements. In an
illustrative sense, however, the sewer line casa study is pedinent to similar
engineering challenges. Corps records document dramatic channel scour and efforts
o control that degradation.

This report contains photographs from Corps annual inspections. Synopsized
inspection and photograph notes are shaded.

Pre-1970

The sewer line was at channel grade, encased in a 3x3-foot concrete jackst. The
channal reach was histerically held in equilibrium by downstream grade control
structures. The gradse control structuras had deterioraied and/or been removed by the
City to increase flood conveyance capacity,

Ay

oy e b s it

Y e iy kD IE e, :
i

.
_-Q“'-r
"

3. R ‘*"’_'\r‘iﬂ--—-l- .".-'.
Phote 1. 20 August 1962

1970°s

Site 5 was one of 10 channel andior bank stabilization locations for the Santa Fe
River Emergency Floocd Control Project, Phase | This was the only Corps eonstruction
at the sewer line crossing.

Sewer Lina Crossing 1
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TOPOGAAPHY COMPILED BY PHOTOGRAMMETRIC METHODS FROM WERTICAL AERIAL
PHOTOGRAPHY EXPOSED IN A WILD HEERBAUGG RC10, LENS SERIAL MO Sag 11 2004, ON
NCVEMBER 18, 1981. Do _ _

STSG 59 Scale in Fast

o0 L=} =] 200 400 Py

SCALE: 17=2000 1124000
CONTOUR TNTERVAL: ¥ 27 AND B
VERTICAL DATUN: MEAM SEA LEVEL DATUM OF 1974

Figure 1. Site topography, 1981

35
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Local scour below St Francis Drive was presumably identified in Phase |
formulation, but there is no record of the pricr degradational history.

Gablons and ralls were added to form a 3-foot drop at the [acket. Site 5
specifications included:

B4-foot row of 7 gabion baskets, L = 12 feet, H = 3 feet, W = 1 foot, B inches”
Maccafarr ar Bekaert brand gabions, government furnished

Type F units, 3 C.¥. capacity”, 3 diaphragms

3.25 ¥ 4.5 inch mesh, 3-mm heavily galvanized wire

4-12 inch field or rough unhewn gquarry stone
60 to 90 pound rails, 10-foot height, 6 feet on center”

Ma filter fabric or graded backill

* Slightly varied dimensions If metrie gabions weare employed.

Photo 2. 2 April 1870

Design calculations and criteria are not archived in the inspection repors. Fig. 3 is
the design drawing.

Sgwer Ling Crossing 2
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Figure 3. Phase | improvements
Fhase | design is marginal. Maccafarri litarature weir dazign commonly includes:

Filter fabric

At least one basket depth below downstream grade or a horizantal tos mattress
End protection

3-foot square units where gabions interface with concrate

Figs. 4 and 5 are from Maccaferd litarature.

Figura 4. lllustrative Maccaterr 3-foot weir

Sewer Line Crossing 3
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SECTION A-A
Figure 5. lllustrative Maccaferr cross-section, 3 foot drop

Maccaferri literature does not incorporate structural rails.

Despite Phase |, the channel continued to erode. Fig. & traces the subsequent
degradation history.

Elavation

.15-..:..:...-.. Gy
1270 1976 1980 1985 1990 1895

Year

Figure 6. Channel elevation at sewer line crossing, 1970 = 0 fest

Persistent erosion may have been due to both plunge fram the drop and headeut
progression from genaral scour. As the Phase | 1oe was undermined, the gabion
baskets sagged, rotated and rupturad.

There is no indication of lateral flow around the gabion ends, a failure mechanism
seen elsewhere. The sewer line itself may have pravided hardened abutments.

Four to 8-inch gabion rock fill is stable at 17.6 fps channel velocity; the gabion
deforms at 23.2 fps. Respective velocities for 5 to 10-inch rocks are 19.5 and 24.3 fps.
It is improbable that these velocities were exceeded,

Vertical rails provide little resistance to structural rotation and no protection against
undercutting. After the baskets begin to settle and break apart, the rails remained to
collect debris, plastic bag beacons to failed intervention,

Sewer Line Crossing 4
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Had everything else functioned well, Phase | was doomad by toe erosicn.

The 1971 Phase Il Corps improvements included gablons at the Arroyo Mascaras
confluence. It may have been thought that this would stabilize the upstream bed. As
the Phasa Il gabion toe promptly failed and the baskets collapsed, Phase [ did not

benefit the sewer line site.

Photo 4. 30 July 1974

'fécad gab:ons pro"
=-1|na Scour 2 or 3 Teé

_are not damaged

Sawer Ling Crossing &

PDHNow
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-

Photo 5. 20 September 1874

- At the sewer Hne L‘ms
Fa Rivar, tha gabions p
pravent undermtting"“ '
line are themselves u

to 3 or 4 feet. They are

Photo 6. 30 April 1975

In 1376, the drop-structure sclution was abandened. Cthers added a concrete pier
bengath the jacket, allowing flow to pass below the pipe.

Sewer Ling Crossing B
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mspenlmn HEp-ﬂl‘t=
1976 :
i Smur action Gentint

23 November

Clty Englnasr The sewar |

sEd i rngtaceme nt thrs

Photo 8. 23 November 1976

In 1877 the concrete jacket was replaced by steel span. Cne center pier is
mentioned in the inspection notes, though 1978 photos show two, The second pier
may have been added or the earlier report may be in error.

Fig. G's apparent recovery in the mid-1970's probably reflects an error in a relative
cbservatlon. No ingpection notes suggest that the scour reversed.

Sewer Line Crossing 7

PDHNow
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The piers may have been insufficiently deep far an ultimate scour condition. The
expesed sewer line impeded fload flow,

1980°s

The piers provided inexpensive short term reprise for & municipal infrastructurs
problem. General degradation of the channal reach, howevar, necassitated a more-
enduring resolution.
B

T g a

umﬁﬁm B

-

Sewer Line Crossing 8
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Sewer Line Crossing 9
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Plivin 1a. 22 January 14uy

Sewer Line Crossing 10
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1990°s
Degradation continued to the point where St. Francis Drive was endangered.

Photg 15. May 1991

Sewer Ling Crossing 11
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Fhoto 17. May 1981

Sewer Line Crossing 12

PDHNow
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Photo 18. May 1994

Photo 19. May 1981

Sewer Line Crossing 13
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i

L, TR
Fhoto 2

Fhoto 20. May 12331 1. May 1381 - .-

The reach from St. Francis Drive to the Arroyo Mascaras confluence was lined in
1992 in conjunction with New Mexico State Highway and Transportation Department
wark. Channel improvements included gabions and rock mattresses, concrete drop

structures, and extensive grouting. The sewer line piers were removed, allowing the
pipe fo freely span the channel.

Design drawings are asfttached to illustrate the engineering complexity of
improvaments. The concrete drop structure toe extends 2 feet below tha downstream
riprap. This cover is of concern, given the river's bleak history of stationary bottom
gabions. H-Files, 6 feet o/c, may bear the structural load, but will do nathing to inhibit
undercutting, should the gabions fail.

The drawings specify grouting the channel bottom only. As-built, the sidewalls are
arouted as well, reducing any hope the structure ever had for attractiveness.

Sewer Line Crossing 14
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Photo 23. August 1994

Sewar Ling Grossing 15

PDHNow
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Sewear Line Croszing 16

51



PDH-Floodwater Lessons Learned:
Channel Stabilization in Santa Fe, NM

A
=

Phote 27. 26 June 1997

FEMA mapping indicates that
the pipe is balow the 100-year
water surface, Flood fiow cvertops
St. Franciz Drive and reenters the
channel in this reach. The sewer
line is but a minuscule aspect of
Santa Fe's vulnerability to”
probable flood svenis. l-beams
brackating the sewer line may
shield the line from debris impagt.

The 1992 improvements ara
unaesthetic by Santa Fa
standards. A mural on a grouted
sideslope dees not compensate for
the blight. The structure, in prime
view from St Francis Drive, serves
as rallying point for opponants of
channal lining elsewhere. The
Corps is perceptually incriminated
by a non-Corps design.

Sewer Line Crossing 17

PDHNow
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The 1992 improvements appaar to be structurally sound. Nothing else has lasted
five yaars in that location. As the river lacks an encompassing sediment assessment,
however, there Is no assurance as ta the long-term adequacy of the work,

Floeding may destroy much of Santa Fe's riverine Improvemeants. Many Santa Fe
River structures are sized for less than the 100-year svent. By virtua of its rock
tonnage, the 1882 work will likely be among the last to leave. Catastrophe aside,
howewver, vUlnerability remains from the same persistent erosion that conquered
Phase L.

Active scour, evidencad by minor headcutting, is apparent downstream of the 1692
improvements. Downstream grade control structures are under attack. Ancthar cycle of
general scour may occur. To preclude another episode of headoutting (as opposed to
battling a hole at the toe of the 1992 project) edditional downstream protaction may
sgomeday be reguired.

Becommendations

1. Monitor the downstream reach. Corps inspection responsibility seems vague, given
the abandanment of the Corps’ Phase | and || structures, but some agency needs to
be persistent.

2. Determine the lang-term sediment tendencies. Again, this is not necessarily a
Corps task. Multiple agencies should be involved.

3. Review the 1992 design in light of long-term tendencies. Remedy deficiencies,
padicularly any associated with the toe.

Sewer Line Crossing 18
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Sheel1

Stabillzation
Structures

Local
.oo...... DEpSHiON

| Emargency Flood Control Work, Mascaras Arroyo
1 DAZS-005 CIVENGS9-9 .
195 W
:: Wear old City Baseball Park. Project Iolder not provided, Reference I
_:Sama Fe Emergency Flood Conirol Project, Phase | |
DAGWA47-70-C-0001 eyl
ion: 2-Apr-70

Inspection
Data

DACWAT-71-C-0011 :
Inspection. 17-Mar-71 :

Note: As these thrs
 Mast commanis refer to paricular sites.

Sand in'sieel  Weeds,
culvedt. ...
Sand in CBC

“18-8ep-70  Sand washing whrough

"18-Mar-71 Sand washing ihrough

17-Sep-11 Sand washing thrasgh

£8-9 "once again” very, Many tog
:good condilion. 70- | protection and |
(0001 and 71-0011 | irvert contral
| Excallant | struclures

o Lwholly buried.
Sand washing through| Sand in CBC

i5.dan.7z

“Bome bed
avergrowth.

20-Mar-72

Bed overgrowth.

Drains and

1 70-0001 folder.

g€ projects are similar in location, design and function, inspections are combinad.

Power pole
anchors in
channal.

Sissnenis
71.1 ft. scour in
Iower part of

project.

Many]oas
buried,

30-Jul-74 Wall sections
excellent. Undercul

units shaukd adjus!.

problem,

Ciuttered, but nol

stages of 1973,
: Pronounced
| GLour.

.ghannel,

Qebrls

Power pole
anchers in

Power pole
anchors
calching

Page 1
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Sheetl
Inspection Stabllization i Local Drains and
................................................. Date Biruciures Depasiilon Vegstalion Aundowns  General Scou
I0-Apr-75 Az buill aking | Tree limbs thrown
Mascaras. Undercul at | In channel. 15 1. Mascaras, Jord |
contluence, but not + glms in mud bank. It scour beneath |
ghifted oF fuplured. sewer, Otherwise!
Failing at sewer line. unchanged. |
| 23-Nov-76 : One broken basket Treas in mud Cantinued below |
| upslraam. Box culven bank, Mascaras. |
: apron undercut and |
: collapse, Total failure |
: at sewer line. MRy o -
14-Mar-78 Some broken baskels. : Many toes Tree Ihicket to be Light 77 runail.
; ¢ Threa unil slil buriad. i clearad. Stable upper
: collapsed beyond H reaches. Gradual
| repalr. continued scour
i In bawer raach. 4
: or > 0. scour
i R L  baneath sewer.
15-Mar-82 : Gahblon hata fllled wih { Elms ferm a Long 7% and &0
| : concrete. Upsiream : channel wall. 4 in. runodis. 1-3 It
; ends vulnerabda to alms grawing L upsiraam scour,
| soour, Collapsed sill ‘ihrough gabions 8 fi. scour
: holding together. anchor and benealh sewer,
ey v By gtk protect.
18-May-83 Upstream ends Continued 1 1t adcditional
| wulnerable to scour. clearing. sCOUr.
{ Collapsed sill holding
P B Y logether. S e
18-Jun-g4 Wira near end of lile. & in. alms through 11 fi. beneath
| Upstream ends gabions. SEWET,
{wulnerabda 1o scour. o
! Collapsed sill provides
25-Apr-8s Beyond repair. Many loes 5-10 in. trees form High flows,
Undarcul apron. caverad. channgl wall, | Slable,
Rotied. Clean bed.
Page 2

Failing unit |
dedlecting
How inja
masonry wall. ‘

Pothole |
unclar wall
induced by
faibed okl
grade control
struciura,
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Fnspu-cﬁon
. Do
B-Mar-88

Sheet

Stabllization

Stuctures . Peposition

| B-7 fi. cul bangath
i cubvert. Exposed
rebar, Broken wirgs.

12.8epao

Detmlu-rz-lﬁr'lg gabions

i Beneficial

{ vegetation In
igabions. Excellent:
itres cleaning.

Tree walls,

" Drains and '
_ Rundowns

General Scour .

 will be undercut. | Beneficial
i vegelation in
gabions. Excellent
! tree cleaning.
| 25-Sep-a2 Undercut gabions and ; One sile Gabion backlil
concrete. Setiled and ;| complately washed out.
:broken baskets. : buried.
Replacement at 5t |
EE: e R - SO | L L. WA :
2-Jan-96 Once-buried basket : Slumped or 2 1, since the
wira severcly damaged : bulged wall T0's abave S.
or usted whers now idue 1o local Frands, Mingr
exposad. Failed wall. Hintkows al ‘undercutiing
Undergutting. i random - akang uppar
Damaged or destroyed élocatinns_ reach walls.
grade control i i
structures.
Page 3
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Sheet!
Inspacilon Stabilization Local [ | Drains and | i
Date . Stnuctures Deposition Vegelation | Rundowns |General Scour Misc.

T i Prachion i Bensh el
_ Contract : DACWAT-79-C-0064
Final Inspaction 5-5ap-73

2iMarB2 Wailali3, not 12 Piugged RGP Sparse, but good Downstream

Less resistance ko outlel, grass headoul heading
- lailure. for project.
PRSI T e b s e st S el e B s e B e e e e

Projact Sireambank Protection on Alameda

...Contract DACWAT-O1-C-0007

__Final Inspection 25-Jul-81

T 2.Feb-96 ‘Broken baskets and Woody growth in | Cracked and
[ | missing racks. gahians undarcut.

{ Undercut apron not
: settling. Ergsian at
ides.

Brojeci “Emergency Bank Protection, County Road 62 Bridge L
Coriract | DACWAT-84-C-0024

Final Inspection: 27-Jan-95

Page 4
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U.5. Army Corps of Enginears
ALBUQUERQUE DISTRICT
WOMFERERAL LEVEE MalNTENANCE

LEVEE

IHSPECTION

ASSURANCE WO.

‘APPLJEJMT c‘,r-}-‘ "_g. -ﬁ.- I Fﬂ..-r :

DATE GF INSPECTIQN

LEMEGTH E 3 [‘ r( EEEIE

L”EE..;‘dauﬁ Fe Kok e (Cﬂmuq‘j

L EMarcd, L9585

REanng
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Inapecion flnsgeciion Team AlM

A, Levee Embankment
L

Aane

1. Levees Depregsiony

2. Levee Surlace Erosinn

3 Slooe Slabilily

4, Arimals Burrpws

5 Leévaa Greewth

& Encroachments

hfﬂﬂ-ﬂ-

B. ChannelfFloodwry

1. Fuprap i Feveimend Proiechon

#. Rswereard Leven Slooe

b Toe

c. Chanarel Bank

2. Crhannel ! Fhoodway capacily

C. Slruciures

1. Mgvemenl of Cangrelr

i Floodwally - | w

B, Hasd=illi

€. Aprong

2 Concreme Surfaces

AMee,

J Swueiurd) Faundangss k

I(:'tc,__gr_&é;laaif_a&nfﬂ }
-~

4 Culvems

Mmﬂ— - 4

b. Neghgioie Oebo

Meng.

5 Gares *

Other inspacioas Data
Check Nems: Leves. Suamage Sanetius Frsagman,

Clanws Siruchomy CRannaiy gnd § ipomeay. Bansl

Waby, Py iogtet saa Rasd Suflaging

Toral & mor U x

ADDITIONAL REMARKS:

=l

s

An inappropriate inspaction form
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Inspected by:

COUNTY EOAD 62 BRIDGE AT THE SANTA FE RIVER, BaN¥ PROTECTION PROJECT

SANTA FE COUNTY, WEW MEXICO

ANKUAL IHNSPECTION AND REPORT CHECKLIST

Title:

Date:

Item

Ho Des tion Coy on
L. Wire Wrapped Riprap

Blanker

Gabion Drop Structurs
Concrete and Exposed wire

Concrete Capping
Debris

End protection for
flanking

Settlement
Wire condition (genaral}
Encroachments

Scour or undermining

An improved inspection form

Becommended Maintenance
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ST FRANCIS DR.

L 'swawsaoudw] 2661 GLHSIWN

Exist. 4-10'x6' CBC, s
SANTA FE RIVER o 5 .
: ——— oy
" =0 -
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g/z ‘swewsroidw| 2661 QLHSWN

(3+00BuLD W

DRof STRUCTW
I4tsapuns WER
DrOop STRUCTURE
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+++++++++++++++ The End ++++++++++++++

Any questions, please contact info@pdhnow.com

QUIZ for Floodwater Lessons Learned: Channel Stabilization in Santa Fe, NM

1. Santa Fe, New Mexico is the oldest (1607) state capital in the United States. During
its history, many structures have been placed in the Santa Fe River. Some of these
structures functioned as grade controls, causing the river to aggrade (store sediment).
This led to a decrease in flood channel capacity. Some housing developments along
the Santa Fe River were in the 100-year floodplain. Removal of many grade control
structures increased channel capacity enough to increase channel capacity to hold the
100-year flood. This removed many housing developments from the 100-year flood
plain.

a. True

b. False

2. After the grade control structures were removed, considerable channel erosion was
observed.

a. True

b. False

3. Gabion walls should have a layback of
a. 6-inches

b. 12-inches

c. 18-inches

d. 24-inches

e. 30-inches
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4. Sidewalls seldom fail when the toe is undercut.
a. True

b. False

5. In order to prevent channel wall toe undercutting
a. The base of the wall must be hardened with reinforced concrete
b. No special technique is required

c. The toe must extend below the scour line during a flood

6. When a gabion or rock mattress is undercut
. The rock is safely supported by the wire

a
b. The wire is ruptured by the rock, but the rock remains in the mattress

O

. The mattress slumps on the ground and still protects the bank

d. The wire ruptures and rocks exit the structure

7. High stream velocities can damage rock basket sidewalls by pulling rock from the
baskets.

a. True

b. False

8. End erosion of sidewalls

a. Can be prevented by using a slightly thicker sidewall
b. Is not usually a problem in arid climates

c. Can be prevented by installing end-wall tiebacks

d. “b” and “c”

e. Dumping loose rock at the ends of the sidewall
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9. Pushing up rock from the stream to protect an eroded sidewall toe
a. Is a great idea

b. Will fail in large floods because “If the river brought it down, the river will take it
away.”

c. | a cheap alternative that may give some protection against small floods
dl “a" and Hb”

e.”b” and “c”

10. The City of Santa Fe intentionally removed grade control structures to increase
channel capacity. These structures include culverts replaced by bridges, sills
constructed before the 1960s, and rock barriers, which may date from the 1950s.

a. True

b. False

11. Grade control structures left in place in a now aggressively degrading stream
a. Will continue doing their job of grade stabilization
b. Will likely need reinforcement

c. Can easily be reinforced by shoveling some dirt and rock from the channel to fill in
any holes immediately below the structure

12. A wide channel crossing is less likely than a narrow one to induce scour
a. False because there is little difference in channel velocities

b. True because the wide channel will have lower water velocities than a narrow
crossing

13. Gabions placed below eroding culvert worked we to control erosion
a. True

b. False
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14. Channel erosion can

a. Increase channel capacity

b. Expose bridge piers

c. Expose iron bars in reinforced concrete
d. Erode public confidence

e. All of the above

15. The bottom of a drop structure

a. Must rest firmly on the existing channel bottom
b. Be hardened

c. Be placed below the design flood scour line

d. Be made of reinforced concrete

e. “a” and “d”

PDHNow

16. Where general scour is absent vegetation may be used to protect channel sidewalls.

a. True

b. False

17. Shrubs and saplings rooted in gabion basket sidewalls

a. Will eventually compromise the structure

b. Will help anchor the sidewalls during flooding

c. Will grow too big and break the wire causing rock to spill out

d. Needs to be removed

e.“a”, “c”, and “d”
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18. Several-inch diameter trees used to hold gabion sidewalls up
a. Can grow too big and damage the baskets

b. Are a good economic practice in many areas

19. Several-inch trees in a city channel
a. Are an eco-friendly multi-use opportunity
b. Should be encouraged to provide rustic scenery in urban environments

c. Are potentially very dangerous if enough trash forms a temporary dam and diverts
water out of the channel during a large flood

d. Should be removed during annual maintenance

e. “c” and “d”

20. Tree trunks and roots can hold up gabion walls and anchor foundations until the
trees die.

a. True

b. False
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