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Chaco Culture National Historical Park

Monitoring Chaco Wash Using
Monumented and Surveyed Cross-sections

Introduction — Chaco Wash may have some of the most extensive erosion control efforts
for any stream of its size, however, a long-term channel erosion monitoring program is
lacking. This paper documents a monitoring project initiated by Paul Whitefield of
CHCU and Rick Inglis of WRD. The program is desi gned to monitor long term trends
through low frequency measurement over a long duration and needing only low to
moderate data analysis (MacDonald 1991). The specific monitoring objective is to
identify trends of aggradation and degradation (erosion and deposition) and lateral

migration of key locations in Chaco Wash within the boundaries of the park.

Background — Chaco Wash and its tributaries drain 398,240 acres of overgrazed,
sparsely vegetated land upstream of the park. Since the mid-1930’s various erosion
control projects were undertaken to minimize erosion damage to cultural resources.
Studies of the history of soil erosion control and a review of the existing situation by the
park staff in 1979 and 1980 alerted management to continued threats to park resources.
Three major ruins are threatened by erosion. Soil pipes and gullies have developed within
10 feet of Pueblo Del Arroyo. Chaco Wash has cut to within 40 feet of Kin Kletso and is
at the edge of the road between the wash and the ruin. Soil pipes and large gullies have

developed to within 75 yards of Wijij1 Ruin (Simons, Li & Associates, Inc. 1982).

Bill Jackson and William Werrell wrote a July 1994 memorandum to the Southwest
Regional Director noting that the park has a long history of erosion control, however,
some significant cultural sites still may not be adequately protected against extreme
hydrologic events. They recommended designing and implementing an arroyo
monitoring program, among other things (see appendix). A follow-up memorandum
dated September 1995 from Gary Smillie to the Field Director, Intermountain Field Area

also recommended to develop an erosion program and make an initial survey.

Methods — Thirteen cross-sections were selected with a specific purpose as detailed in
the field work plan (see appendix) and the following site descriptions. Permanent end
point monuments were constructed according to the design drawing except where
archeological features were encountered. At these features, a unique, unmovable location
are used and described in detail. To survey elevations near perfect alignment between
monuments, temporary flagging is tied about 50-feet apart in a straight line between the
endpoints. One person stands at a monument and aligns the other person in order to tie
flagging on the sight line with the opposite monument. An instrument station is located
nearby were all the flagging is seen. Use of an extended survey rod is sometimes needed.
A total station is used to collect the distance/depth measurements along the cross-
sections. A reading is taken to a survey rod at each monument and to the ground surface
along the flagging line at every major topo graphic break. Additional measurements are
made about 25 feet apart along flat or unbroken ground. Key features such as rim and
channel edges are noted in the survey notes. Distance and elevation data is later
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CHCU/General

Memorandum
To: Regional Director, Southwest Region
From: Dan B. Kimball, Chief, Water Resources Division

Subject: Trip Report for Travel by Bill Jackson and William Werrell to Chaco Culture
Nation Historical Park, May 16-19, 1994

The attached trip report by Bill Jackson and William Werrell present their findings
concerning erosion issues at Pueblo del Arroyo, as well as other cultural sites potentially
affected by arroyo erosion processes. Sam Kunkle and Bob Krumenaker of your staff
participated in this field assessment. '

The park has a long history of erosion control; however, S0me significant cultural sites still
may not be adequately protected against extreme hydrologic events.

Kin Kletso ruins; design and implement an arroyo monitoring program; prepare 2 project
statement for the development of a comprehensive long-term erosion control program plan
for the park; prepare a project statement for a geomorphic assessment of the evolutionary
status of Chaco Wash Arroyo, including the influences of Escavada Wash and vegetation
plantings on arroyo evolution; and develop an interpretive display about the Chaco Wash

arroyo, with an emphasis on historic evolution and modern-day process geomorphology.

Recommendations include: develop ,de,taﬂéd,ﬁtjabfﬂiiétiOH'desigﬂs fOI,PUGle.Q@l.AHQYQ,@d,

If you have any questions or if we can be of further assistance, please call Bill Jackson or
me at (303) 225-3502. '

DAN B. KIMBALL

Attachment

cc: CHCU-Superintendent, Ford, Saino
SWR-Kunkle, Krumenaker

479-Jackson, Werrell, Smillie, Hanson, Flora
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Memorandum
To: Regional Director, Southwest Region
From: Dan B. Kimball, Chief, Water Resources Division

Subject: Trip Report for Travel by Bill Jackson and William Werrell to Chaco Culture
Nation Historical Park, May 16-19, 1994

The attached trip report by Bill Jackson and William Werrell present their findings
concerning erosion issues at Pueblo del Arroyo, as well as other cultural sites potentially
affected by arroyo erosion processes. Sam Kunkle and Bob Krumenaker of your staff
participated in this field assessment. ‘

The park has a long history of erosion control; however, some significant cultural sites still
may not be adequately protected against extreme hydrologic events.

'Recommendations include: develop detailed stabilization designs for Pueblo del Arroyo and
Kin Kletso ruins; design and implement an arroyo monitoring program; prepare a project
statement for the development of a comprehensive long-term erosion control program plan
for the park; prepare a project statement for a geomorphic assessment of the evolutionary
status of Chaco Wash Arroyo, including the influences of Escavada Wash and vegetation
plantings on arroyo evolution; and develop an interpretive display about the Chaco Wash

arroyo, with an emphasis on historic evolution and modern-day process geomorphology.

If you have any questions or if we can be of further assistance, please call Bill Jackson or
me at (303) 225-3502. ’

DAN B. KIMBALL

Attachment

cc: CHCU-Superintendent, Ford, Saino
SWR-Kunkle, Krumenaker
479-Jackson, Werrell, Smillie, Hanson, Flora
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Memorandum
To: Chief, Water Resources Division

From: William Jackson, Chief, Water Operations Branch
William Werrell, Hydrologist, Water Operations Branch

Subject: Trip Report for Travel to Chaco Culture National Historical Park, May 16-19,
1994

PURPOSE: The purpose of this trip was to respond to a previous recommendation by
Water Resources Division staff for additional assessment of the arroyo erosion situation at
Pueblo del Arroyo ruin. In addition, we reviewed erosion issues at several other cultural
sites within the park.

ITINERARY: We travelled from Fort Collins, Colorado, to Chaco Culture National
Historical Park (CHCU) on May 16, 1994, and returned on May 19, 1?94.

Sam Kunkle, Chief, Natural Resources Division, Southwest Region

Bob Krumenaker, Branch Chief, Resource Management, Southwest Region
Dabney Ford, Archeologist, CHCU

Carolyn Saino, CHCU

DISCUSSION:

During a visit to Chaco Culture National Historical Park (CHCU) in 1993, Water Resources
Division staff expressed concern about the adequacy of flood and erosion protection efforts
at Pueblo del Arroyo ruin, located on the edge of Chaco Wash. At that time, it was
recommended that additional professional perspective on the situation be sought. This trip,
coordinated with the park through Sam Kunkle and Bob Krumenaker of the Southwest
Region, was designed to respond to the recommendation for further assessment of flood
protection and erosion issues at Pueblo del Arroyo. In addition to Krumenaker and Kunkle,
we were joined in the field by Dabney Ford and Carolyn Saino of CHCU.
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In preparing for the visit, we invested considerable time reviewing the 1982 report by
Simons and Li Associates, entitled Erosion Study at Chaco Culture National Historical Park.
From that report, we learned that at least a dozen other ruins have been impacted or
threatened by arroyo/gully erosion and/or soil piping, and that there have been extensive
efforts, dating back to the 1930’s to manage runoff and erosion throughout the park. Thus,
we expanded the scope of our visit to include a broader overview of erosion (primarily
arroyo/gully erosion) processes and historic efforts to manage runoff and erosion issues
throughout the park.

Arroyo Evolution at Chaco Wash

Simons and Li Associates (1982) draw heavily from the geologic and geomorphic accounts
of Hall (1977) and Love (1977, 1979) to reconstruct the geomorphic evolution of Chaco
Wash over the past 10,000 years. In addition, Simons and Li Associates (1982) draw from
numerous historic accounts, beginning in about 1850, to describe the evolution of modern-
day Chaco Wash arroyo. Several points are relevant to the current assessment of arroyo
erosion issues.

1. Chaco Canyon has undergone numerous (perhaps seven) cycles of arroyo cutting
and refilling over the past 10,000 years. As many as five cut and fill cycles have
occurred over the past 2,500 years. This evolution is consistent with patterns
observed for other southwest arroyo systems.

2. Most documentation suggests that the valley was flat (unincised) and at a slightly

~ lower elevation at the time the pueblos were built. This is not what we see today.
The arroyo incision which coincided with the abandonment of the valley by the
Anasazi is not the modern-day arroyo, and was not at the same location as the
modern-day arroyo. Between about 1200 A.D. and the early 1800’s the valley filled
to elevations which existed prior to 1000 A.D., and Chaco Wash was not incised. A
major episode of downcutting commenced in the early-to-mid 1800’s. By the 1920,s
the maximum depth of arroyo cutting was achieved - approximately 34 feet in the
vicinity of Pueblo del Arroyo. The present-day arroyo is a partly filled remnant of
the period of downcutting in the late 1800’s and early 1900’s. It is interesting to note
that arroyo downcutting was pervasive in the Southwest United States during this
period (Harvey, et.al., 1985).

4. Following the early 1930’s, Chaco Arroyo began a period of filling. By 1963, the
arroyo had reduced its depth at Pueblo del Arroyo from 34 feet to 16 feet. Arroyo
filling, as well as widening, following episodes of downcutting is consistent with the
geologic evolution of Chaco Wash, and is believed to be part of the natural arroyo
dynamics.

5. Also by the 1960’s, a new "inner channel" was cut into the partially-filled arroyo
floor. However, even the floor of this recent inner channel is elevated at least 10
feet over the elevation of the arroyo floor in 1927. This "inner" channel now conveys
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most normal flows. Larger floods spill over the main arroyo floor and can impinge
on the main arroyo walls. In addition, the inner channel is undergoing some
meandering and at places the outer banks of the inner channel are causing additional
erosion of the main arroyo walls.

In summary, the Chaco Wash arroyo is a dynamic system, undergoing repeating episodes of
cutting, widening and filling. Knowing the status and direction of arroyo evolution is
necessary for designing management actions which work with, not against, natural arroyo
processes to the extent practical.

Erosion Issues Associated With Arroyo Processes

Several significant cultural ruins are located on or very near to the edge of the modern
arroyo, and are threatened by further erosion of the arroyo walls. For example, both the
Bradley Site and Pueblo del Arroyo already have lost part of their structure to arroyo
widening, and are subject to additional erosion damage. Both Kin Kletso and Lizard House
are located very near the edge of the arroyo system, and could be damaged if further arroyo
widening occurs. The road between Kin Kletso and Chaco Wash arroyo already has been
directly threatened by arroyo processes. Other ruins, for example Chetro Ketl, have been
threatened by local drainage and the possibility of headward extension of gullies which are
tributary to the main arroyo system.

Ironically, when these structures now threatened by arroyo processes were built, they likely
were not in close proximity to an active drainage, and there was no arroyo incision. Rather,
they have become victim of the somewhat random locating of the 19th century episode of
arroyo downcutting. o

While we believe that the present arroyo has completed its most active phase of downcutting
and widening, and is presently undergoing filling, four mechanisms remain which could
result in further arroyo widening and erosion of archeological sites.

1. Arroyo Widening Due To Extreme Floods: While we did not quantify the
conveyance capacity of the inner channel, clearly floods of large magnitude (e.g., 100-

year or greater return period floods) will greatly exceed the capacity of the inner
channel and will spread across the entire arroyo from wall-to-wall. These large
floods will be capable of further eroding and widening the main arroyo walls.

2. Arroyo Widening Due to Evolution of the Inner Channel: The "inner" channel,
cut in the arroyo floor, has a meander ratio which exceeds that of the main wash.
At points the inner channel meanders up against the walls of the main arroyo. In
these places, even modest flows confined to the inner channel can directly impinge
upon the arroyo walls and cause further erosion and widening. We expect continued
meander migrations to make other points of the arroyo subject to lateral erosion in
the future, even under conditions where flows are confined to the inner channel.
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3. Arroyo Widening Due to Piping: The soils of the Chaco Wash valley are highly
subject to piping. Piping, driven by local surface runoff, is a major mechanism
contributing to the erosion of the main arroyo walls. In some locations (e.g., the
Bradley Site) piping may dominate over main-channel flow as the major arroyo
erosion mechanism threatening cultural sites.

4. Arroyo Widening or Lengthening Due to Local Rainfall and Runoff: In addition
to soil piping, raindrop splash and local surface runoff can contribute to the erosion

of arroyo walls. Where surface runoff concentrates in small tributary channels, the
channels become very susceptible to downcutting and headcutting. Further headward
advance of arroyo tributaries is still possible - especially in locations where
headcutting has been controlled by engineered drop structures. If currently-
functioning structures (e.g., Mockingbird) fail or are not maintained, rapid headward
advancement of the arroyo system will occur.

Field Inspection of Erosion Issues

We had the opportunity to inspect some of the most critical issues involving the erosion of
cultural sites as identified by Simons and Li Associates (1982). Summary observations
follow.

Mockingbird Diversion Dam/Drop-Structure - This large masonry drop structure was built
on a main tributary arroyo and apparently was intended to halt further headward erosion
of the channel. Smaller, dirt diversion structures direct all surface flows to the main
structure, in an attempt to avoid gully erosion around the structure by tributaries.
Subsequent to its initial construction, the arroyo downstream from the structure continued
to downcut, requiring modifications to the structure to extend it deeper. We do not know
if the drop structure contributed to further downstream cutting, or if that occurred
independently of the structure. The toe of the structure has been undercut in the past and
repaired. Further repairs may be warranted now. The structure has succeeded in keeping
Mockingbird Valley unincised, but must be maintained to remain effective.

Chetro Ketl - The small tributary channel east of the ruin has been straightened and
directed away from the ruin. Thus flows presently don’t threaten the ruin. Some armoring
was placed where flows drop to the main channel. This has reduced the tendency for
headcutting to work upstream - something which otherwise could have been induced by
channel straightening and realignment. The drainage should be inspected periodically to
insure that any tendency to headcut remains controlled.

Kin Kletso - A main park road is tightly fitted between the main arroyo walls and the Kin
Kletso ruin. Chaco Wash erosion threatens the road at this point. Riprap and flow
deflectors have been placed along the base of the arroyo wall at this location in an attempt
to increase its resistance to erosion and to deflect erosive flows away from the arroyo walls.
In addition, numerous trees now offer further erosion protection at this site. As the arroyo
floor has filled, some of the bank protection structures have been buried, and new ones
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We think that a well-engineered "hardening" or protecting of the arroyo walls around the
ruin is the best approach to long term stability of the site. The ruin protection should be
based upon sound hydrologic criteria (probably an "extreme" or "probable maximum" flood)
and engineering design. Among other things, we recommend footings penetrating well
below the depth of maximum arroyo downcutting - possibly to bedrock, and as effective
anchoring as possible of the structure in upstream and downstream banks. While we
generally supported recommendations in the Simons and Li Associates (1982) report, we did
not concur with their recommendation for inner channel straightening and realignment in
the vicinity of Pueblo del Arroyo (see discussion of Kin Kletso). Also, we thought that
possibly they were proposing less substantial engineering solutions (e.g., gabions, jacks) than
what we are contemplating for protecting this priceless cultural resource.

Casa Chiquita - We inspected the Chaco Wash channel downstream of the ruin for about
2000 feet. Cottonwood trees in this reach are in much better condition than those upstream.
The inner channel is wider but not as deep as further upstream. The overall channel
pattern is more sinuous here, and the main arroyo is much less deeply incised. We
discussed what effect the confluence of Escavada Wash, immediately downstream, might be
having on Chaco Wash, and how the two washes have interacted geomorphically over time.
Escavada Wash is unincised and steeper than Chaco Wash, and appears to convey enormous
sediment loads in comparison to Chaco Wash. We wondered if Escavada Wash might
function as a base control to Chaco Wash, which periodically might be breached when
extremely large flows in Chaco Wash occurred in absence of concurrent large flows in
Escavada Wash.

Lizard House - Lizard House is located near the head of a tributary arroyo to Chaco Wash,
near the base of a sandstone cliff. The arroyo in this area has soft sandy walls. The ruin,
in places, is within 5-10 feet of the arroyo walls. While this tributary is small, we see no
reason why further erosion of the arroyo walls will not occur during infrequent periods of
unusually high runoff. Protection might involve hardening the arroyo walls with gabions, as
recommended by Simons and Li Associates (1982) or, possibly, re-routing the channel away
from the ruin and filling in the existing channel. Because the tributary at Lizard House is
so much smaller than Chaco Wash, it might be possible to use less-rigorously engineered
protection, such as gabions and loose rock fences, than what is recommended for Pueblo del
Arroyo.

Bradley Site - This ruin already has suffered structural loss, perhaps to a substantial degree,
due to erosion of Chaco Wash arroyo. What remains of the ruin is on the immediate edge
of the arroyo, and is being impacted substantially by soil piping. There is no evidence of
man-made manipulation within the incised channel. However, as we walked from the
overflow camping area to the ruin, we observed several long dikes. We hypothesized that
these contour dikes were intended to reduce overland flow and piping in the vicinity of the
arroyo.

The History of Watershed Management at Chaco Wash: Is there more to learn?
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The Simons and Li Associates (1982) report summarizes from the literature the history of
the extensive erosion control efforts at CHCU. Much of what follows is drawn from the
Simons and Li Associates Report.

The history of erosion control at CHCU extends back to the early 1900’s when flow
diversion structures were built along the east side of Pueblo Bonito. From 1934-1952 an
extensive erosion control program was implemented. During that period, the monument was
fenced and most livestock grazing was terminated. From 150,000-700,000 (depending upon
the account) cottonwoods, willows and other vegetation were planted in the arroyo. Over
five miles of channel were realigned. Twenty miles of dikes and seventy basket dams,
spillways, and check-dams were constructed. Woven wire fences and steel dikes also were
constructed at Kin Kletso and Pueblo del Arroyo to encourage sediment deposition. Other
projects/techniques included spider jetties, rock jetties, brush bundle jetties, cable rail
fences, earth dams, contour furrowing, and post and wire dams.

As far as can be determined, erosion control efforts at CHCU never have been guided by
comprehensive long-term plans - either for construction, or for inspection and maintenance.
In 1977-1978, Dennis M. McAuliffe, a volunteer, compiled all available information on park
erosion control efforts during the period up to 1968. Twenty volumes were produced by this
effort, of which we were able to review two. Simons and Li Associates (1982), drawing from
the McAuliffe works, attempted to identify the purposes and relative effectiveness of the
various classes of erosion control strategies employed at the park. They concluded that
many of the erosion control techniques implemented at CHCU were effective, but that many
others were ineffective or even the causes of problems - either because they were ill-
conceived, poorly designed, or not maintained.

Simons and Li Associates (1982), recognizing the fragmented and piecemeal nature of past
erosion control efforts and CHCU, strongly advocate development of a comprehensive
erosion control program plan for CHCU. They note that the Soil Conservation Service
attempted to develop a comprehensive structural stabilization program in the 1970’s.
However, funds for that program never were appropriated. Furthermore, the program was
keyed to the construction of numerous large drop structures in the main wash - an approach
which Simons and Li and Associates (1982) did not support in concept. We concur with the
Simons and Li Associates (1982) recommendation that a comprehensive erosion control
plan: (1) be driven by clearly stated objectives; (2) identify and work with the dominant
erosion processes and controlling variables; and (3) draw from the lessons of past erosion
control work at CHCU. In addition, a comprehensive erosion control program should
include long-term plans for monitoring resource response to management actions, periodic
inspection and maintenance of project structures, and overall evaluations and documentation
of program effectiveness.

We, frankly, were surprised/amazed at the extent of the park’s past watershed management
and erosion control activities. It seemed that almost every mile of drainage network and
acre of land surface had, in one way or another, been manipulated to control surface runoff
and erosion. Furthermore, an enormous number of watershed "stabilization" techniques had
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been employed in one context or another. We’re not sure we can think of anywhere else
in the western United States where there is such a large concentration of rangeland
watershed stabilization efforts. While we did not have the opportunity to review the vast
majority of the McAuliffe works, we suspect that there is still more to learn and to share

(in a professional context) about the effectiveness of the historic erosion control program
at CHCU.

Conclusions:

1. The arroyo system associated with Chaco Wash is extremely dynamic and is undergoing
a complex morphologic evolution. Both interpreting the cultural resource and managing
erosion issues associated with arroyo processes requires a better understanding of the long-
term dynamics of the arroyo, and a quantification of its modern day status and evolutionary
trend.

2. Arroyo erosion threatens numerous archaeologic resources at CHCU. The most
significant (and in our view, priceless) of these threatened resources are Kin Kletso and
Pueblo del Arroyo. We do not think present stabilization is adequate to protect either site
against extreme runoff events. In these two cases, we advocate heavy-handed, properly
designed structural stabilization of the immediate site. We discourage interfering with
“natural” arroyo evolutionary processes any more than is absolutely necessary.

3. The first step in providing permanent stabilization at Kin Kletso and Pueblo del Arroyo
is to contract for detailed engineering designs, based upon contemporary hydrologic and
hydraulic criteria and a clear understanding of long-term arroyo dynamics. At Kin Kletso
and Pueblo del Arroyo we advocate hardening arroyo walls and deflecting flood flows from
arroyo walls over manipulating the inner channel, or using softer technologies (vegetation
plantings, jacks) in an attempt to tame flows and induce sediment deposition. We recognize
that the entire Chaco valley is composed of highly erodible sediments, and that almost any
structure in effect will be "floating" in erodible sediments and subject to failure. However,
a properly-designed revetment, anchored to bedrock, is less likely to failure during
catastrophic floods than are randomly-placed gabion baskets, rock sausages, wire fences, or
steel jacks.

4. The Bradley site and Lizard House also are threatened by further arroyo widening. At
the Bradley site, so much cultural resource already has been lost that the significance of
what remains may not justify the level of engineered stability recommended for Kin Kletso
and Pueblo del Arroyo. Lizard House is on a much smaller tributary wash and may respond
to a less heavily engineered stabilization approach.

5. Erosion control at CHCU has occurred opportunistically, in a fairly fragmented and
piecemeal fashion, and has not been guided by a comprehensive, long-term erosion control
program plan. Development and implementation of such a program plan, as described by
Simons and Li Associates (1982) is recommended.
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6. The scale and breadth of past erosion control efforts at CHCU is remarkable. Greater
effort is needed to learn from that experience and to communicate it to the watershed
management profession.

7. The Simons and Li Associates (1982) report, though not without its shortcomings, is
extremely well done and provides an excellent documentation of contemporary erosion
issues at CHCU. That report should serve as a starting point for future management
efforts.

Recommendations:

1. Initiate a long-term arroyo morphology monitoring program. This program needs to be
carefully designed, but at a minimum should include monumented cross-sections.

2. Contract for detailed professional engineering designs for stabilization of the arroyo at
Kin Kletso and Pueblo del Arroyo ruins.

3. Develop a fundable project statement to implement an Intergovernmental Personal
Appointment (or some other kind of "sabbatical-type" appointment) with the objectives of
preparing a review of all existing erosion control structures and developing a comprehensive
long-term erosion control program plan for the park. All existing projects need to be
inventoried, original project objectives identified, and current project status and effectiveness
evaluated. Recommendations should be made to passively abandon, actively abandon,
maintain, or enhance all existing structures. Additional erosion control efforts should be
identified and prioritized.

4. Develop a fundable project statement for a geomorphic assessment of the evolutionary
status of Chaco Wash arroyo, including the interactions with Escavada Wash and the
influences of vegetation plantings on arroyo evolution.

5. Develop a fundable project statement to develop an interpretive display on the Chaco
Wash arroyo, with an emphasis on historic evolution and modern-day process
geomorphology.

ACTION ITEMS:

Assist the Region and Park in implementing any of the above recommendations, as
requested. Responsible Party: Jackson, Werrell, Smillie. Target Date: As Requested.

i
1]

watiesy 1 drckash
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To: Field Director, Intermountain Field Area

From: Chief, Water Resources Division

Subject:  Trip Report for Travel by Gary Smillie to Chaco Culture National Historical
Park and Mesa Verde National Park from September 5 - 9, 1995

The attached trip report by Gary Smillie of my staff concerns his recent trip to Chaco
Culture National Historical Park (CHCU) and Mesa Verde National Park (MEVE). The
visit to CHCU was niade to meet with park and SSO staff regarding development of a scope
of work for a WRD funded project. This project will be cénducted in fiscal years 1996 and
1997, and is intended to provide protection to cultural sites that are threatened by water

erosion. Gary’s trip to MEVE was made to inspect flood hazard associated with a location

that has been proposed for a new visitor center near the park entrance.His comments -

regarding these activities can be found in the trip report.

If you have ahy questions, please call Bill Jackson or Gary at (970) 225-3503 or (970)
BAND. RIS AL

Attachment

cc: CHCU - Superintendent, Schultz, Ford
MEVE - Superintendent, Colyer
IMFA - CP - S - Wise
IMFA - SW - S - Kunkle
479 - Jackson, Smillie, Wagner

FNP:SMILLIE:AP:09/21/95:5:\WOB\SMILLIE\CMVTR
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Memorandum
To: Chief, Water Resources Division
- Through: | Chief, Water Operations Branch
From: Gary M. Smillie, Hydrologist, Water Operations Branch

Subject: Trip Report for Travel to Chaco Culture National Historical Park and Mesa
Verde National Park, September S - 9, 1995

PURPOSE: The purpose of this trip was to participate in a meeting to develop a scope of
work for a WRD-funded erosion mitigation project for CHCU and to assess potential
floodplain hazards near the entrance of MEVE.

ITINERARY: I departed Fort Collins on September 5 and arrived at CHCU the next day.
I travelled MEVE on September 8 and returned to Fort Collins on the 9th.

Supenntendent, CHCU
Dabney Ford, CHCU
Herschel Shultz, CHCU
Sam Kunkle, IMFA - SW-S
Janet Wise, IMFA - CP-S
Marilyn Colyer, MEVE

- DISCUSSION:
Chaco Culture National Historical Park

Chaco Culture National Historic Park (CHCU) successfully competed for project funding
from the Water Resources Division (WRD) for fiscal year 1996. The funded project is
intended to provide for protection of cultural resources at CHCU that are threatened by
water erosion. The project statement submitted for funding competition briefly describes
the problems related to arroyo erosion and piping that threaten cultural resources and
provides broad recommendations for a course of action for mitigation. The primary purpose
of this meeting was to develop a more detailed scope of work that can be used as the basis
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for soliciting and selecting a contractor to perform the work. Additional reasons for meeting
were to assign responsibilities to involved NPS staff and to discuss mechanisms of funding
transfer and other administrative details.

An extensive description of erosion-related conditions at CHCU can be found in the WRD
trip report by Jackson and Werrell (July 21, 1994), a report by Simons, Li and Associates,
Inc. (June, 1982), and numerous other reports. Such a discussion will not be repeated here
except to note that many efforts (some successful and some not) have been made in the past
to remedy erosion near cultural sites at CHCU and to study the complex geomorphic history
of the area. The approach to be utilized in this project is to use the considerable knowledge
gained by earlier studies and attempts at erosion control. The goals of this study are: 1)
identify useful existing structures and prescribe a maintenance regimen, 2) recommend
removal of existing structures that adversely affect the stability of important cultural sites,
3) develop detailed construction plans for new structures needed to protect resources
presently at risk, and 4) develop a monitoring program to quantify arroyo evolution and
erosion rates at selected locations, and to assess the effectiveness of erosion control
structures. Implementation of new construction is beyond funding capabilities of this
project.

The following project responsibilities were agreed to at the meeting. The WRD will write
a generic scope of work describing the tasks and products associated with the project. The
scope of work will be merged with site priorities developed by CHCU staff to ensure that
the appropriate sites are included. This prioritization is particularly important since funding
constraints dictate that all sites cannot be addressed by this project. CHCU staff will
provide contract administration, on-site support and coordination with the contractor, and
perform necessary environmental compliance-related tasks. The mechanics of fund transfer
are somewhat uncertain due to the NPS reorganization but the group agreed to work
cooperatively to find means that are acceptable to all. WRD will develop the erroyo and
erosion monitoring program and make the initial topographic survey.

Mesa Verde National Park

Mesa Verde National Park (MEVE) is considering constructing a new visitor center just east
of the entrance kiosks near the north boundary of the park. WRD was requested by MEVE
staff to inspect the area and provide advice regarding the suitability of the site with respect
to compliance with the NPS Floodplain Management Guideline. The following are my
thoughts on this subject.

The area proposed for development is a drainage for several small catchments. However,
the area is swale-like and does not have a discernable channel throughout much of its
length. No evidence was found suggesting water floods occur in this area except sheet flow
associated with heavy precipitation events or perhaps snowmelt. For these reasons, I don’t
believe this area needs to be considered a floodplain subject to NPS guidelines.
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While compliance with floodplain regulations may not be an issue here, there are some
flood-related and other water-related concerns of relevance to the site. A large stock pond
is located upstream and failure of the dam could result in hazardous flooding downstream
for a short distance. This pond has been observed to remain dry in recent years and I don’t
know if there is a potential for filling and failure. Any development in this area should
provide for removal of the impoundment, or at a minimum, surveillance of conditions
associated with this structure. The hill slopes surrounding the site are prone to fail as
mudslides. Evidence for this can be seen in the exposed scarp faces on the hills and the
hummocky terrain at the base of the hills. I don’t know if there are areas in the proposed
site that are safely outside of the runout zone of mudflows and recommend that an expert
in this field provide advice to the park regarding this. The soils in this area are extremely
erodible. A large development with paved surfaces will generate relatively large stormwater
flows that may cause extensive erosion if not properly handled. And finally, some portion
of the area may be classified as wetland and subject to NPS Wetlands Guidelines.

A N ITEMS:

1. Write generic scope of work for project and consult with park staff regarding selection
of contractor. Responsible party: Smillie. Target date: December, 1995.

2. Develop erosion monitoring program and make initial survey. Responsible parties:
Smillie, M. Martin. Target date: To be determined.

3. Reconvene the participants in this meeting to develop a funding strategy involving

cooperation between cultural and natural resources programs. Responsible parties: Smillie
and group. Target date: To be determined.

Gary M. Smilie
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CHCU/General -
To: - Superintendent, Chaco Culture National Historical Park
From: Gary Smillie, Hydrologist, Water Operations Branch
Bill Jackson, Chief, Water Operations Branch
Subject: Trip Report for Travel to Participate in the Pueblo del Arroyo Erosion

Protection Meeting, April 7, 1999

In this trip report we will reiterate and expand upon our professional assessment of the risk to
Pueblo del Arroyo from erosion of Chaco Wash. In light of this assessment we will review
potential management strategies as well as the Bureau of Reclamation’s proposed alternative for
structural protection of the site. We left the April 7th meeting with the sense that there was not
uniform understanding of the risk to the structure from future erosion and geomorphic evolution
of Chaco Wash.

S af Pisblo del Amove

First and foremost, the Water Resources Division believes that a real and present threat to Pueblo
del Arroyo exists from likely future erosion of the right bank (looking downstream) of Chaco
Wash. Our assessment is shared and confirmed by other hydrologists, hydraulic engineers, and
civil engineers, including professionals from Simons, Li and Associates, the Bureau of
Reclamation, and the Corps of Engineers. Risk to Pueblo del Arroyo stems from potential failure
of the right bank of the wash rather than from possible inundation by flood waters. This fact
makes precise quantification of risk more difficult than for more traditional flood inundation
analysis. However, we will try to provide you with our best quantification of that risk.

While several mechanisms could result in the undermining and failure of the right bank of Chaco
Wash at Pueblo del Arroyo, the most probable cause of failure would be an extremely large
flood. We think that floods of roughly a 50-year magnitude would threaten the structure, and we
feel pretty confident in saying that a 100-year return period (or greater) flood would be extremely
destructive to the site. If you recall from our discussions, a 100-year flood would just about fill
the wash in its present configuration, have extremely high velocities (15-20 fi. per second), and
possess considerable erosive power. A flood of this magnitude is difficult to imagine; however,
the risk of a 100-year flood occurring is greater than is commonly appreciated.



A “100-year” flood is, statistically, a flood magnitude that has only a 1% probability (one chance
in a hundred) of being equaled or exceeded in any one year. However, the probability of a flood
of this magnitude or greater occurring over timeframes longer than one year increases
considerably. For example, over a 50-year timeframe the probability of experiencing a 100-year
flood increases to 39% (or almost 4 chances in 10). Over a 100-year timeframe that probability
increases to 63%. That means that there is a 63% probability that a 100-year or greater flood will
occur in Chaco Wash sometime during the next century. This is not an insignificant risk.
Amazingly, there actually exists a 12% chance that 3 or more 100-year or greater floods could
occur during the next 100 years.

[t is logical to ask why Pueblo del Arroyo still exists at all if the risk of flood-induced arroyo
erosion is so great. First of all, we think that the present arroyo is an artifact of processes that
occurred over the past 100-150 years. Arroyos in the southwest United States are thought to
respond to many factors, including both anthropogenic and natural, and are known to go through
“cycles” of downcutting, widening, and refilling. We think that Chaco Wash, like other arroyos
in the region, has undergone significant adjustment since the late 19" century in response to
grazing practices, possible climate influences, and/or changes in downstream base levels.
Therefore, the present location and condition of Chaco Wash is relatively new and in a more
threatening setting than possible previous arroyos that may have existed subsequent to
construction of the building. It is our understanding that several previous floods this past century
in the “modern” arroyo have resulted in significant damage and loss to both the south side of the
building and to the “tri-wall” structure. This seems to lend credence to the concept that while
very large floods are rare in any single year they are very common over longer timeframes and
are very capable of causing damage to the building.

Discussion of Alternative Management Strategies
Clearly, it is not our role to recommend management strategies or priorities for resource
protection at CHCU. However, we do want to point out the general alternatives available to park
management. If it is accepted that the long-term threat to the structure from flood-induced

arroyo processes is relatively high, management would have to accept that loss of or damage to
the structure could occur at any time and be prepared for this eventuality. Another possible
management strategy would be to take actions to protect the site up to some pre-determined (and
reduced) level of risk. The park, with funding support from WRD, contracted with the Bureau of
Reclamation to evaluate alternatives and to recommend a structure that would protect the site
from the largest possible flood that could be contained within the present arroyo. As mentioned
above, this would protect the site from roughly the 100-year magnitude flood. While larger
floods might overtop the arroyo banks and possibly inundate parts of the building, we believe
they would spread across the valley and, in general, would be only marginally more destructive
than flows contained within the wash proper.

Evaluation of the Structural Alternative Recommended by the Bureau of Reclamation

[f park management chooses a strategy to protect Pueblo del Arroyo from arroyo erosion, we
think that the general structure design developed by the Bureau of Reclamation is good and is the



most feasible and realistic option available to you. We thought it was reassuring that the Corps
of Engineers representatives at the April 7th meeting not only concurred with the general sense
of risk to the site but also concurred with the structure concept and design developed by BOR.
Any remaining work on the BOR design represent structural, material, and logistical details that
need to be worked out only if park management chooses the arroyo erosion protection strategy.
Like you, we are sensitive to and regret the fact that meaningful erosion protection requires such
a large and heavy-handed approach. All involved with this project have tried very hard to
identify and evaluate “softer” approaches to erosion control, but this is a difficult situation which
simply does not lend itself well to less intrusive approaches. With creativity and careful
planning, we think that erosion protection can be implemented in a way that will be minimally
intrusive from an aesthetic standpoint and that will provide minimum interference with natural
arroyo evolution.

ummary and Conclusions

It is very difficult to contemplate or “visualize” large floods that only occur with frequencies of
several decades or centuries. This is especially true for large floods in arid landscapes and in
streams that generally experience either no flow or very low flows. However, these relatively
rare events are critical to the evolution of fluvial landscape features such as streams and arroyos.
There is a substantial (63%) likelihood that a flood will occur over the next 100 years that will be
large enough to completely fill Chaco Wash in its present configuration at Pueblo del Arroyo. A
flood of this magnitude will initiate substantial arroyo erosion and evolution and will very likely
cause major damage to Pueblo del Arroyo.

Management alternatives are to accept to present level of risk or to implement meaningful
protection to reduce the risk level. The structure designed by the Bureau of Reclamation under
contract to NPS represents the best alternative for achieving protection from roughly a 100-year
magnitude flood. Smaller, more piecemeal, or “softer” approaches to erosion control would
prove ineffective during extremely large flood events.

We understand that it is difficult to embrace such a “heavy handed” approach to resource
protection and we would not normally advocate this level of interference with natural processes
were it not for the park’s previously communicated interest in preserving the Pueblo del Arroyo
site.

Please call Gary Smillie (970 225-3522) or Bill Jackson (970 225-3503) if you have any
questions or if we can in any way help facilitate additional assessment of either the hydrologic
risk to the site or the protection strategy proposed by the Bureau of Reclamation.

CC:

CHCU - Whitefield, Ford

IMR - Reber

Corps of Engineers — Edson, Selano
2380 — Kimball, Flora



Field Work Plan:
Establishing a Network of Surveyed and Monumented Cross-sections
Across Chaco Wash, Chaco Culture National Historical Park

Contact: Paul Whitefield (505) 786-7014 ext.223

Introduction. Chaco Culture National Historical Park, originally designated as Chaco
Canyon National Monument in 1907, was established to preserve the significant
archaeological features located in Chaco Canyon. The park lies west of the Continental
Divide within the San Juan River Basin. Other than a few small seeps, sandstone
catchments, and small tributary drainages within the side canyons, surface water is
limited to intermittent flows in Chaco Wash and short reaches of the Fajada Wash and
Gallo Wash tributaries. A 20 km segment of Chaco Wash courses through the park,
which typically has flowing or standing water for 3 - 6 months of the year.

The condition of the Chaco Canyon watershed and Chaco Wash remains paramount to
preserving the canyon floor alluvial units and the thousands of cultural sites they
contain. Beginning in the mid-1800’s, livestock overgrazing seriously impacted
grassland and riparian vegetation within the region. The loss of vegetation cover and
topsoil likely contributed to the onset of severe erosion within the drainage system. By
1935, Chaco Wash incised into an arroyo averaging 100 feet wide by as much as 30
feet deep throughout the length of the canyon, and headcuts migrated upstream along
the tributary drainages. Numerous archaeological sites were damaged by streambank
erosion or altogether collapsed into the arroyo. In order to protect threatened sites, the
National Park Service, Soil Conservation Service, and Civilian Conservation Corps
implemented extensive erosion control projects between the 1930’s and 1960’s. These
efforts, combined with fencing the park boundary between 1934 and 1948 and
improved range management practices, have led to measurable recovery within the
drainage system, and the arroyo has been aggrading during the last 60 years.

In addition to preserving the park’s cultural features, the park’s water resources are also
important for: (1) continuing archaeological research into “Chacoan” water control
structures; (2) interpreting the Chacoan and early historic environments to the visiting
public; and (3) conserving the park’s inherent biodiversity. The park’s cultural and
natural resources are certain to be threatened by external development and land-use
pressure within the watershed (e.g. overgrazing, development of groundwater
resources, oil and gas exploration and production, and coal and uranium mining).

In 1977, the NPS filed groundwater rights claims to the park’s primary water supply well
(945 meters deep), and to a shallow well in the arroyo floor of Chaco Wash. The Water
Rights Branch of the NPS Water Resources Division is currently relying upon these
original claims to secure adequate water to meet projected park operational needs for
the next 30 years. In addition, park resource managers are collaborating with the
Water Rights Branch to secure adequate surface flows and §roundwater within Chaco
Wash as necessary to preserve, interpret, and support continued scientific inquiry into



the unique “Chacoan” archaeological sites and environment found within the park. As
part of this strategy, in 1998 the Water Rights Branch assisted the park with installing a
network of groundwater monitoring wells and stream gauges at 3 locations along the
wash. Data from the wells and gauges will be used to correlate water table levels with
surface flows in the wash.

A considerable amount of descriptive environmental and technical hydrological
information is currently available for Chaco Wash and the canyon watershed, but the
park is also in need of a long-term approach to monitoring stream channel morphology
in order to: (1) understand long term changes in base stream level and drainage
channel shape; (2) assess erosion rates and threats to archaeological sites in critical
reaches; and, (3) establish elevation datum points to accurately measure water table
fluctuations within the canyon’s shallow aquifer. Information on stream channel
morphology, timing and frequency of flows, and groundwater levels is also critical for
planning riparian restoration projects to control invasive tamarisk thickets and stabilize
stream channels with native riparian plant species (many of which were utilized by the
Chacoan civilization for construction materials and other products). A program to
monitor chanell morphology would best be accomplished by establishing a network of
surveyed and permanently-monumented, cross-sectional profiles at selected reaches
along Chaco Wash. Information from the profile network would be used monitor for
stream base level changes (including the detection of headcuts originating from
downstream locations) and secure water rights appropriate to meeting the park’s
legislated purpose.

Cross-section Network Objectives.

(1)  Establish profile sites at selected known “critical cultural resources protection
reaches” along Chaco Wash within the park, as described in the Erosion study at
Chaco Culture National Historical Park, New Mexico (Simons et al. 1982),
including:

(@)  Wijiji

(b)  Zorro-Bradley

() Chaco Wash - Gallo Wash “Narrows”

(d)  Pueblo del Arroyo - Kin Kletso reach

(e) Penasco Blanco Trail Crossing site

1) Possibly as many as three other exemplary threatened sites as
recommended by the Chief Archaeologist

(2) Tie into existing elevation datum points near each of the three groundwater
monitoring well transects along Chaco Wash.

(4)  Establish a profile near the confluence of Chaco Wash and Escavada Wash in
order to detect potential downstream base level drops and head-cut initiation.

(5) As field time allows, prioritize and select additional profile sites in key reaches



which would contribute to an understanding of stream base level
aggradation/degradation within the entire canyon drainage system, including
important tributaries (Gallo Wash, Fajada Wash, Mockingbird Canyon, South
Gap, and Clys Canyon).

(6)  All cross-section profiles would be installed for long-term monitoring purposes
and appropriately monumented in a secure location above the 100 year floodplain (i.e.

on the canyon floor above the arroyo walls or the talus slopes beneath the canyon cliff
faces).
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%f w ,\11\ ® Monument @ 34L
i\ 1o Highuwsy \ Rx Reference Rxi
Bidgs . \ / Photo Station 2.~
- \\ ( \é/
. ~— N
¢ / \
S, .
\\\ /]
\ p 6\‘6(
| "3,‘
\ \ <
\ )
| ;o /,
MONUMENT DESCRIPTION: Buiss (%) ) ( /
O TEN " ® by
Xt Lowerded Al Gops = I, \
CC o Wash Mo’ dor Xs-5S 1999 " f‘ ' ‘ g C’{; ,(; \?‘%
REFERENCE DESCRIPTION: | TN 5o

, . %
x{ / ;(7/ \
< <
- _ R 7 \g
: - c
/ j' g
xii M N /( P ) '
s 50(.(: \ J// x / \ :
—~ g N g
s 9 Y

INSTRUMENT SETUP:
Center Hair

Station Reading Elevation ( )

X

xi

xii :
5 Y ,
2 X—>R X Bearing: S EOE

Distance: 3YH4.19

COMMENTS ¢



XS-6 Date: 5/ 11/as R

fﬂi???lnf"’jfdfff'ﬁzlsfM oy 12)elS Crew: <Invous (L) P lh il ebe
4 Instr Loct ____ Right ___ Left
Mon Elev Rod
Lx + - Left Monument Pin Ht:
Rx + - Condition: _Yud
Right Monument Pin Ht:
Condition: )
7(.& -
G Reference Dist:
Recorded {in: m ft Recent Survey Dist:
H20
Sta Dist Top Mid Bot Depth Bed Mat’l Comments

0.0V |18 3y BM L Soudls
.23 1962/ ) TER
2216 17,54 Rimn
2302 12401 S LOPE ~
33.27 [ 1341 | Store
H2.bE 05 28 SLopPE
§7.80 (3.4 S e oPt
b3 01 11.56 St) PE
Ra.75 /ol 74 £P
95.9¢ lo1. 0% e
[07.2Y 100,55 Fe
(5211 1939 T
L6554 79.27 14
[ 77.84 9%.97 P
(4. p1 99.52 TP
191 .00 9€.23 ha
202 85 T .21 PP
117.96 72.00 RANK
PACT L) 95.27 CHAN
229,22 94 06 Lot Rk Gl
231,09 91.92 CHBED
227 .08 17.20 CHBED
24097 T395 Rig Rk £
24807 97.03 BANY
Jol25 I5.%] P
PRL (00.26 SLopPE
77,14 [02.07 . SLOPE
2%395 2397 SLOPE
39092 . 126.07 - TER
>01.86 12b. 29 - TER
21776 (>0 HE B M bNore



CROSS SECTION # _ [, Hidoere Mnsaww? well

Bank Monument

RIGHT/LEFT)
SKETCH MAP
M N
Xs-6s R
? BmHmM ,B5¢
@ ) g P wells
/ ol °
{_,‘ !\w,,(‘;
L )
Isc
FCUT
}C(S{M}‘»;

MONUMENT DESCRIPTION:

X A(bu;nuuw(_wf’gh‘s":“\ Cw..;éw

S*w«éé\ WPs CHCE xS~ ¢
REFERENCE DESCRIPTION:

x§
xii

INSTRUMENT SETUP:
Center Hair

Stacion Reading Elevation ( )
X
xi
i1 :
x P ® S®
R L
EX——3BX

Date:

5////‘77

KEY ex,
@ Monument Q34L
Rx Reference Rxi
/ Photo Station 2.~

0 bl

[ [ /”\
- )rrﬂo o
00 xS 6RA
| / AN
cA tsk ’ ;) \\)«(/6
gﬂji}w \'\
3
“\
Rim
S 69 frugh

Bearing: § b5 € #agN.

[IRVRIVN ,65&&-&5{“‘“ Distance:

COMMENTS:

126-Y§& ’




>

Channel Cross Section # _x5-7

Date: 5//‘//9‘7
Crew: KIielis

[0 IR AR AN

Location: Geallo (Dust <onfluence
Instr Loc: ___ Right ___ Left
Mon Elev Rod
Lx + - Left Monument Pin Ht:
Rx + = Condition: e
Right Monument Pin Ht:
Conditfon: plee”
7‘;3:‘ - 4.9
pher Ll Reference Dist:
Recorded in: m ft Recent Survey Dist:
H20
Sta Dist Yop Mid Bot epth _ Bed Mat’} Comments
(9.00 /01,15 Bm 7 Nartls
I A) /p0.€1 TER
Yo 73 [00.48 TER
€0 5% 99,25 RiM ~
4. T! 75.70 S pPE
623 2269 TP
(1Al 7050 R
(3371 2045 cP
15270 7{ o4 P
(723.14 20.6& CH AN
/%080 2042 CHAN
g (.92 LAl Head et
lgH.55 L9.55 -k
1S b.50 2001 <P
20210 V2.9 rf
20942 72 %5 <P
F18.219 2043 RAMK
23033 £1.97 R]SL‘T%MKQ@M
133,79 (q.19 CHBED
230%9 bsin CH PED
234,33 be. 7L LeCt DpiC
24421 22 1> BANK
2022 72.89 _£p
2772.5% /4 7% <P
3 5.4 72. 94 xP
21621 (435 \a 4
01§17 23.3( <0
22549 7439 TR
342.39 24.11 - Lo
355,98 /3. e
Con 't




e Y

72.K0

£P

294,83

L1b.09 73.06 e

Hip. 21 23,06 Le

H31.&S 23.89 kL

Uy HY 26.19 2Lolt
o160 €70 Kl

441,25 7K. 55 e

Hel. 1y (0D 83 -

515,38 (o0 77 T
547,75 (0! 3(7 BMLS QW{:L

—_ = 3




Dat.: /V\ca({ /L/ /9'19
7/

CROSS SECTION # X5-7 Gaﬂo ast Conft
) lleece

Bank Monument

RIGHT/LEFT) O AL
SKETCH MAP
KEY ex.
R Monument ®34L‘
{ Rx Reference Rxt
/  Photo Station 2.7

e ) RisN
S ; £5
- Rip, @ 4(,;;&

: 5 .
- Th v/ , Qﬂl(?w”‘"
. ,-(e‘(¢,Ct¢‘f
/7,’—\
£ [ - 4
/\1 o g MP(AM { 7\64/7\
. <Z"-1 < v . “ee
BM 75 - ey -
@ i VIR
\_\ < > , CC{
MONUMENT DESCRIPTION: Torr ) ) B <
wle o -
X Cemod el /4/mm:m Cop ; L"q‘j_(
U leuco D sl uom o *§-75 (997 o ) g
REFERENCE DESCRIPTION: Ac N
) /Ces5 \\
e I ety .
xii ¢
INSTRUMENT SETUP:
Center Hair
Station Reading Elevation ( )
X
xi
xii ¢
5 | V o,
L X——>R X Bearing: WS E

Distance: 5H1.78

COMMENTS:



Date: _</74/77

‘L::z::?lnfrosniizii?::a?ui ijficuw Crew: TNazpals O futded.
> Instr Loc: ___ Right __ Left
Mon Elev Rod
Lx + - Left Monument Pin Ht:
Ry 4+ - Condition: Wed)
Right Monument Pin Ht:
Condit{on: Moo
7(13:1 - 4,9
pder slev, Reference Dist:
Recorded in: m /Ot Recent Survey Dist:
H20
Sta Dist Top Mid Bot Depth _ Bed Mat’} Comments
H. 00 /02.32 Bm & jorth
23 4& 102 .23 1 TeRr
S4.21 01, &Y T1ER
760000 00, 6% Rim ~
Bo. €3 23.07 SLopE
(00.Q6 2070 SLovg
13,27 2364 S|opE
129. bb 73.03 CHAN _ Mpckingotid gy
[4(.27 23.06 C HAN
151,96 23.5¢4 cP
156.8¢ 73./S BANK
e 68 b7 Riglit Pk Tl
lbg. 17 65.23 C. HAN
172.8> &5, 30 L HAN
179, 06 b1 1 Lebt Bumtl Cll
IEH, 05 63.70 RANK
20274 73.5b BANK
22063 73.09 &P
2426 13.26 FD
262 b~ 73.82 F
184,08 72. 69 e
204.99 2,34 cP
326.27 22,25 P
345. 9 72.22 P
353. bt 23, 04 $P
37811 /2.7¢ 50
0498 73.29 . &P
qat.0 72,59 S| pPE
434,85 554 - SLOPE
433,50 $2.25 . SLOPE
Cm 't ( ond




441, 62 742 SLOPE
4p0. 2 /00.07 R1mM
Ygl o[ /01,32 TER
49822 [ D132 BM & Sputh




Mo LV»?%LBH‘JL Co\,\g{mu/

CROSS SECTION # XS-8

Bank Monument

SR

Date: szq 7 /929

RIGHT/LEFT) ~3 &%L
. & SKETCH MAP \\\\\
N ] “ \\ :’7 KEY @Stil..
) AN A ( Monument
Meg I'J . \ \ ,3 {@ BMEN Rx Reference Rxt
- ) ! /7 Photo Station 2,~”
‘ ~ . —
-~ \ , \ lesrruce
sz{_ ’ \
% \\CZ\\\
"aa( N ' ?(,
AL o
Q(L, I 4/
Ry /‘;QJ C{S‘
\'\\(‘% q
/\_Mru.z, \\Q
& \\
B MBS \\
MONUMENT DESCRIPTION:
Y haco Wosh Momdor xs-§n 1999 ‘
REFERENCE DESCRIPTION:
xi
xii
INSTRUMENT SETUP:
Center Hair
Station Reading Elevation ( )
X
xi
xii ¢
5 N ,
K X———> KX Bearing: w3, E
Distance: _ 17§ .12

COMMENTS ¢



Y

Channel Cross Section # _XS-9 Date; _S///%r CHeu
Location: Puallo Del heroyo Crew: TWlels () Psex
-7 Instr Loc: __ Right __ Left
Mon Elev Rod
Lx + - Left Monument Pin Ht:
Rx +_ = Condition: Me
Right Monument Pin Ht:
, Condit{on: See Wote g pflersilc
Auwe = S
;‘fﬂ} 1773 Reference Dist:
Recorded 1n: m X __ft Recent Survey Dist:
H20
Sta Dist Jop __Mid Bot Depth _ Bed Mat’} Comments
0.00 /04 03 LOoR
0,45 100.57 Ground
20,55 Gh.07 fatl  Edge
14,73 q5.97 Zedl Cederli o
25,05 42,11 (Walk
59,73 81.4% (AR (ON
8. 63 Y% )5 P
54 28 95.95 TER
bo-43 92.05 TER
73,98 1 92.¢> TER
26.07 TE.86 TE &
[{2.49 94.5% TER
3232 969z TE
1362 95 .4y Rim
150 /3 55,76 SLIPE
(56 09 S4. 14 tP
I4>.03 31.4¢ P
202, £0 Q.32 cp
225, gb 80,05 1’84
23(. 1Y 238 RANK
236,05 76.37 Right Bl Sl
239. 63 Mas _CHRE
LUK q2 24 b CH BEQ
252,44 0.0 BANK
260,b% 82.30 P
26.99 22,07 yP
2. 50 33.0l A4
212.9% &1, 3 P
EXIN: £1. & SLo pe
A4 1Y 5%.79 - SLopE
C W'T ' .J,,. R




352.38

87! 15

SCOPE

206,47 ¢a. on CH4AN
3859 £0:33 £ BEN

395, 11 32, 15 CHAN ~
HoH, 50 £4.50 SLoPE

H21 00 949. %7 Rim

Y24, 37 (901 TeR

YHg . 54 /0021 BM 9 Souwtly




[

oV,
CROSS SECTION ¢ X539 Pucldlo Dol Amyo Date: Loy (2 797
Bank Monument
RIGHT/LEFT)
’ ) SKETCH MAP
'\ ‘ KEY ex,
(®  Monument @ 34L
\ : / » Rx Reference Rxt
| ) ,, Ui /7 Photo Station 2,7
\ ‘ o ok CorNea
\\ | "7(;,(')\ o RN , Euf« "
. 1. N / .
\\ (/__\ "0 B . éej%[’
\ TR N A Pz, - [p
\ AN e >
\\\\ F [ . o S~ R i . \\/
g OZ‘Q )( )( " \‘(
N 'A/ > ~ /\/ Css: A & [
o e ~c vosiow decckes baN
c NER V%}
éec“{‘((}]/’ ~ / A%He( COR D" 30,
CoRNneR RN ("} ;
/Q/\ — _\*:’, N
x ! \&":‘*\f’
%-/ \ N\ N \\\\\\\\\\\\ gﬁkf*\
\ \ - _
MONUMENT DESCRIPTION: NN : (@Q/z
\‘\_ » N \\*~\ N = ML/
X Comeded Xlum;wm Cap & N\ 'med o g «S«
Clraco Werg Mo\«HW BMSS h‘ﬁu Bmgs 1 | ‘ Ce e G ROw
REFERENCE DESCRIPTION: | " N o
Socdl, Gup T "
xt Trioddsry The €3 Rok wes placed,
; Tl Side 0§ tlhe vl
xii Tie Bok Ly motvurtical
be caun The el s Vot
INSTRUMENT SETUP: A |
Center Hair
Station Reading Elevation ( )
X
xi
xii :
£ N
K X—>R X Bearing: o A2 ’z Moq

Distance:

COMMENTS ¢



é‘//;/ 29

Channel Cross Section # __ xS-/0 Date: _& R .
Location: __ Kiw Kletso Crew: Wluelis (1)  fuesd
Instr Loc: Right _  Left
Mon Elev Rod
Lx + Left Monument Pin Ht:
Rx + Condition: ) ew
Right Monument Pin Ht:
, Conditfon: _ Sce Nofe o ollerside
A 51
pler tlw, Reference Dist:
Recorded 1n: m ft Recent Survey Dist:
H20
Sta Dist Jop Mid Bot Depth _ Bed Mat'} Comments
.40 (321 BM 10 Souty,
[6.0% [13. (o TER
3669 [13.73 TER,
57.9¢ (13,40 TER -
8b.4& 109,49 Rim
3% 1% o, 22 S5L0PE
4).%82 9,9 P
103, 60 €. 73 L P
(q.29 97.92 ¢P
29, 14 /00 L% TP
139,95 [0 17 EP
155 .42 9y 17 BANK
[6 9,34 8€. 76 CHBED
[73.36 8. b5 ¢ HBED
178,96 9. U Rt Ut B h((
A
179.29 92,37 BARYK
[89.2¢C 7&,‘47 DIKE
202 45 1001 DIKE
24,8l 97,73 DiKe
229,43 a7.10 NiKE
242,10 9. 00 P
25014 55.9% £ e
2162 .09 95,34 § P
279.17 9z. 06 f
29y 43 6.1 9%
219,83 12,89 GAR
248.53 117, 4( Bm
255.L 1.0 SeopE
4. Y1 16.93 _ Rook
Con't




— s = 3

39120 [17.2] RO
295,32 [20.4¢ ER

4 03,6y (2014 TER
H{e. (0 (2567 Cofwer
419,54 [22.82 R
434,14 12€. 59 Lo




CROSS SECTION ¢

Bank Monument

Date:

RIGHT/LEFT)
SKETCH MAP
KEY ex,
. (®  Vonument @34l
Q - Rt  Reference Rxt
/y 4 / Photo Station 2,~”
'\\lkﬁ f\) ,' E““‘\)
S~ «Col?naz
\\\)z\oa’p ™ =
r /\ ~. SLOPE e
) / ’ "‘~‘\ . .
B Desceiphiom of N orslsEvdud
C}A B’Ew Al""‘ﬁ \A)O/Sf wall o lowa,z,
V d ‘Oow(ﬁQW w (’“A 4(«\01((;0%'{[5
~ - FOUS D) hes @ higled potat neyt
‘.-\ D(Ke to ’H/\L‘*)Gbuasr'([—d_\)buv\
T Cly BM1o N s tlas Mighort
\ ’\A/LA‘( Pot(w‘k
MONUMENT DESCRIPTION: ™~
Jen o T,
. X ¢ Wui (W'Wca»f? B \\ W ‘
. - Mos T 5 i
Chaco Wagh Mowdor BM [0S (9 ER RACEN “ f
REFERENCE DESCRIPTION: -
xi
xii ¢
INSTRUMENT SETUP:
Center Hair
Stacion ~ Reading ‘Elevation ( )
X
x{i
xii :
5 A ,
X Xe—m> KX Bearing: Mib E__Mag
Distance: 4. /b

COMMENTS ! )



S5/

Coemtan L S A crov: Wl T fuak
Instr Loc: ___ Right ___ Left
Mon Elev Rod
Lx + - Left Monument Pin Ht:
Rx y - Condition: Adaoc)
Right Monument Pin Ht:
Condition: Alacd
7‘% - 5.0
per shav, Reference Dist:
Recorded 1n: m x ft Recent Survey Dist:
H20
Sta Dist Top _ Mid Bot Depth _ Bed Mat’} Comments
0.00 112,72 BM st Saudle
15,90 (12,5 TER
30.5¢ 1(0.99 Rim
4.5 100:34 £ >
L5107 99.17 P
gs 58 9&. 85 ve
[{7.28 97€. L2 P
Eal 9&. 47 ey
165,20 9 b7 P
[€2:32 100, (2 cP
233.39 160,24 o
U107 100. 27 - Cp
246- 9 9g .9 BANK
251.94 95,01 £ HAN
215%.02 93,65 Bed
262.b3 93.08 ZED
20692 92,36 CHAN
275,44 055 BANK
>§1,89 79, 5 £P
20269 .92 £p
217,35 937 £y
33040 7. 65 Fp
349.27 /00. 65 TP
265.55 1.2 ¢ P
37686 95,20 §7
38).G2 Q. 15 Cr
29€. 44 /0%, 42 SLOTE
Ho0. 5¢ 3. 66 R 1M
L0290 [>.85 TER
42403 [13 .51 . TeR
SEPRLY 3. | B () Martha




CROSS SECTION # X5~1[  Caso Chiquide wlls e Dates_AMey /4 (T4

Bank Monument

RIGHT/LEFT)
SKETCH MAP -~
- N e Monument ®3‘4}-
/5\1\\ RMINL Rx Reference Rl
/  Photo Station 2.7
@ 'ryvrm
——— ,E,LMZV\A__\_‘
ceem @ Cd*il'v"\w&'o&s
o
\A)a'/ Ccz B S e e e L ‘, .
ced . gwkw
alcf&,%.b. — — - - i ) i
. ‘.?Lwiflm
” SLopE
MONUMENT DESCRIPTION: me
7 E
X :W”‘Q\Al‘”‘”‘"w&ﬁg o BMits
Chalo Wash Mewdor X505 1997 )
REFERENCE DESCRIPTION:
x5
xii
INSTRUMENT SETUP:
Center Hair B e
Station Reading Elevation ( . )
x ‘i
xi
xii : : N
P ' /\) . ‘;.WML“;,._.;. _— |
4 X ——> R X - . Bearing: NIW M"}g

é N
Distance: Y2, 7

COMMENTS



Date: 51”/6‘? R

fzzggﬂn?ms uiiii?'?’rif%%_ Crew: TWZughs (L) fwutd,
= Instr Loc: ___ Right _ _ Left
Mon Elev Rod
Lx t - Left Monument Pin Ht:
Rx ¥ = Condition: I,
Right Monument Pin Ht:
Condition: Aled)
A - H9
m [17m Reference Dist:
Recorded in: m X ft Recent Survey Dist:
H20
Sta Dist Top_ Mid Bot Depth _ Bed Mat’l Comments
_0.00 1,60 Bm\_2 Soudlh
12.60 Lol ' TER
28,5 105 bs SeLoPE
yg. 29 [06.99 e -
5¢.51 10329 F P
2585 plHg Y e
2264 10044 ¥
5. 04 9.3 b P
151,36 7,08 {P
(47.9¢ Ga.02 Fe
(60,90 T%,98 e
12503 99. I& P
15,16 A9,5% CHVTE
186.39 R CHUTE
192,84 47493 TRAIL
20057 22T c HIUTE
20243 q7.€l CHplt
L 09. 4> 95.98 CHUOE
2l b o0 97,62 C_HUTE
219, %0 .72 . CHOTE
225, 40 Q.2 N
134.61 9K, 83 Cr
Fug. 5t 9.9 a4
20,93 Q9. 04 P
165,09 [90. 20 L
296,585 9.21 <P
202,04 ay, U2 . P
320,25 906.73 CP
%27.0¢ Q.99 ' P
339,67 95,47 . cP
Con't : N




PO

246.2.5 96.24 s
355.31 75,72 1 £P

268,93 96> £p

2€2 .40 95,80 £ -
295,13 L 55 ¢

41309 5.6 |

4093 92.06 e

H 4. Lo .14 54
43437 97.06 tp
447,41 G5.63 £p
Hekds 3598 BANK

H 74.59 a4l C HAN
H79.70 7292 CHEN
Yg0, 94 Lee (L HAN BED
He3 10 by CHANBED
He3.90 9240 CH AN
H9%. 14 93.3] CHAN
510.11 123 CHAD
5178 A4, 06 cyAN
51012 97,60 WALL
530.72 [lp_27 Kim
560.49 1108 TER

$£3 43 /My, bf TER T;L@k
6221 [1/, 06 RMpAN




. ' e F
CROSS SECTION # Xs-1»  Pelsco Tradl Crv;a‘hj Date: Ma., /3, /919
Bank Monument
RIGHT/LEFT)
SKETCR MAP
KEY ®“'L
Monument 34
BM’”)/ 2 Rx Reference Rxl
/W':S /}N TERRALE & / Photo Station 2,-”
N 7 Chemed
e | x -
. / / Clood plain T
- . ' —TM]SE . N
. i C?{ﬁ”\wm&
v RN A\
\
— \Q(/Lu(‘(e
. e .
- - ) V \
MONUMENT DESCRIPTION: . \
. Tomer Slope )
X Mu}\ /L(W—l/vwh« C0195 (5k® PE \7;\(14//
o CL‘@Q,O {/\)WSL\ fbko\/\.("bv\ )/S'IZM {7?7 " N <
REFERENCE DESCRIPTION: Mg
Te =
xi RRhCE
xii ¢
INSTRUMENT SETUP:
Center Hair '
Station Reading Elevation ( )
X
xi
xii :
5 Y o
L X———3RX Bearing: __N 5 & puaq
Distance:

COMMENTS:



Channel Cross Section # _AS-13

Date: 5743/§w

Location: _aker Escuveda sk Crew: NTuarz (O fulid,
Instr Loc: ___ Right ___ Left
Mon Elev Rod
Lx + - Left Monument Pin Ht:
Rx + = Condition:
Right Monument Pin Ht:
Condit{ion:
7(;& -
pder 1o, Reference Dist:
Recorded in: m ft Recent Survey Dist:
H20
Sta Dist Top Mid Bot Depth  Bed Mat’l Comments
0.00 [03yq B3 Soutls
o1& 03,00 SLopPE
21,317 [0D. 3% StopE
AR, 29,58 SLoPE
Al 4L 20.07 SLopE
yi. 79 32.0% SLoPe
52. 70 23 b/ Slore
Ll RY 2,00 P
20,21 %226 ¢t
yANAL 5168 4
22102 80,57 BawK
82,49 79.49 CHMD
0.4 18.2% CHAN
Q3. 01 [§.23 C LAY
€ 0K /832 e AR
.54 0%:71 cdAp
102,10 )% &9 C HAD
09 =2 BAv K
LS. Z3.0 &AW
12.0.00 35 S P
12>.53 X 6 L 7
[40. 3% REgl CE
5003 7.1y ST
L340 sb. Yo L
(767 . G v
(et g4 v 1
104 3¢ 8% Sb $P
22].49 90: (ol \ P
251,71 95 37 S LpPE-
26536 1.2 TER
275,08 7655 B Bmod \lMJV




CROSS SECTION # X5-13 M) .ar Escavada Wash Date:_Muy/3,/99

Bank Monument

RIGHT/LEFT)
SKETCH MAP.
- KEY _ ex,
Lol e Wit Monument Q34aL
. A Uil ) Rx Reference Rxt
(ZWWM\L“ _ | et / Photo Station 2,
~ Bm !3N/\
QL‘tx =3 a %
K_ \ 0 &S
L \ %
\e
(‘k./ \ \ d‘g/
\ G o\ 6’}4} g‘\(
Ny %7\“/ N
- 9 (g \ N
. BMB S .
Guearg Rt R < ~ N
SZh )
<lLL - \
MONUMENT DESCRIPTIOle 629“%( N
&& A/( . o
X ¢ Commed wrnivin Gops \\
. i’"WW&‘,(« MM((W X3 \ﬁqqu
REFERENCE DESCRIPTION:
xi
xii ¢
INSTRUMENT SETUP: )
Center Hair-
Station - Reading - ... Elevation ( )
X
xi
xii @
A s g
1L x——-)j(x Bearing: N2 A/\M\S

Distance: _ 27 4. 77’ s%r@d(ﬂfﬁw
27505 Sum oS ghods

COMMENTS:



120

115

110

105

100

95

90

85

80

75

CHACO WASH

XS5-11980 EAST BOUNDARY

150
DISTANCE IN FEET

RIM TER—FER
SLOPE
SLOPE
_ |
200 250




125

120

115

110

105

100

95

90

85

CHACO WASH

XS—-2 SHABIKESCHEE

| ] ! ] o

0 50 100 150 200 250
DISTANCE IN FEET

300



125

120

115

110

105

100

95

90

85

CHACO WASH

XS-3WIIII

lmﬁwmm/emw _Rint———FBR—TBR— BM3N

wmmLme
FP

| L l

0 100 200 300

DISTANCE IN FEET

400



110

105

100

95

90

85

80

75

70

65

60

CHACO WASH

XS—4 NARROWS

| il

BM4S

100

200

300

400 500
DISTANCE IN FEET

600

700

800

900



130

125

120

115

110

105

100

95

90

85

80

CHACO WASH

XS—-5FAJADA WASH CONFLUENCE

—RIM—TER BMSS

[~ TER
RIM

SLOPE

0 100 200 300

DISTANCE IN FEET

400



140

130

120

110

100

90

CHACO WASH

HISTORIC MASONARY WELLS

] | ] ] il ]

50 100 150 200 250 300 350
DISTANCE IN FEET



110

100

90

80

70

60

CHACO WASH

XS—-7GALLO WASH CONFLUENCE

szﬂmﬁﬁﬂ \Aanm\ﬂmw
RIM ™

SLOPE

BM7S

0 100 200 300 400 500

DISTANCE IN FEET

600



CHACO WASH

XS—-8 MOCKINGBIRD

110
SMERER TER
BMSS
100 |- RIM RIM
SLOPE
9 -
SLOPE
SLOPE
SLOPE
80
SLOPE SLOPE
LOREARaNK~BANKFPEP o) g g/ FP
70 |+ NK
LTBF
GTHAN
60 | | | | |
0 100 200 300 400 500 600

DISTANCE IN FEET



110

105

100

95

90

85

80

75

70

CHACO WASH

XS—-9PUEBLO DEL ARROYO

COR

DIRT

100

200
DISTANCE IN FEET

300

400

500



140

130

120

110

100

90

80

CHACO WASH

XS—10KIN KLETSO
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