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Executive Summary

The road network within the state of Utah is contained within a diverse suite of terrain,
which in some arcas presents substantial rockfall and slope stability hazards. With
projected future increases to the traffic load on Utahs roads in mind. a project was
initiated to implement a rockfall hazard investigation statewide. An existing model used
by the Oregon Department of Transportation during the mid 1980°s known as the
Rockfall Hazard Rating System (RHRS) was adopted as a starting point for developing a
program in Utah. During the summer of 2001, Phase 1 of the RHRS was conducted
statewide to classify rockfall sites into three categories in order to prioritize them for
future study. Over 1099 rockfall sites were inspected in the field. A total of 479 sites
were given a rating of A (immediate potential for rockfall danger). 569 sites were
classified as B (moderate rockfall potential), and 51 sites were ultimately rated as C (low
potential for rockfall) based on RHRS criteria. Following the completion of these ficld
ratings, a GIS database was constructed for all A & B-rated sites and some C-rated sites
statewide and includes basic descriptions. locations. and photographs of the sites. This
rockfall database can be implemented immediately in some aspects of state transportation
improvement planning.

Phase 11 should proceed by first completing an initial survey of between 90 and 100 A-
rated slopes using three alternative detailed rocktall hazard rating methods. These
include ones recently developed by New York DOT, Oregon DOT, along with the pre-
existing Oregon DOT system. This comparative study will help determine which method
results in a detailed database that can best be applied to prioritization of future mitigation
efforts. Regardless of the system chosen. rating criteria will vary from purely subjective
categories to ones that are numerically based.  These rating categories will initially be
based on the RHRS system but will be modified to better fit the rockfall conditions of
Utah roads during the comparative study.



Introduction

With increased development, tourism and concomitant traffic, the potential for traffic
incidents and road closures caused by rockfall in the State of Utah will dramatically
increase in the future. Associated with these geologic hazards will be increased numbers
of accident claims, service interruptions, as well as additional negative press.

Many states have implemented rockfall hazard rating systems and associated rockfall
inventories with the purpose of prioritizing the mitigation of this hazard. This report is
the first step in the implementation of such a system in the State of Utah. Once fully
established, the system will facilitate the development of a maintenance management
program, would prioritize the mitigation of problems associated with rockfall, and
maximize the benefit of each dollar spent.

Objectives

There are five major objectives associated with the establishment of a rockfall hazard
mitigation program. These objectives focus on first tailoring a rockfall hazard rating
system to be specific to Utah, completing a full inventory across the state, then
establishing a maintenance management program.

1 — A preliminary inventory of potential rockfall sites throughout the state of Utah
must first be completed where the potential for rockfall may affect UDOT transportation
facilities. This inventory should use a preexisting inventory method that has proven to be
useful in other states. A GIS database should be created with a complete compilation of
these locations throughout Utah.

2 — Using the preliminary inventory, a rockfall hazard rating system specifically
tailored to Utah should be developed. This rating system will be used to evaluate each
site of potential rockfall and prioritize those sites where mitigation efforts should be
centered. Establishment of a maintenance management program based on this
prioritization will ensure that prioritized rockfall locations receive treatment in an orderly
fashion.

3 - By following a rockfall maintenance management program, Utah’s
transportation systems can be more cost-effectively protected from rockfall damage and
interruption of service. Rockfall areas with the highest priority can be serviced first, thus
providing mitigation for areas with the highest potential for damage and interruption of
service.

4 - As priority areas receive mitigation efforts, the Utah Department of
Transportation should see a long-term reduction in maintenance costs associated with
rockfall damage. Efforts to secure high risk rockfall areas before problems occur will
keep these maintenance costs down.

5 - With priority areas becoming less susceptible to rockfall damage and
mitigation efforts taking place to minimize potential rockfall hazards, liability of the Utah
Department of Transportation will become reduced for rockfall associated lawsuits.



Tasks

There are nine major tasks associated with the establishment of a rockfall hazard

mitigation program. Tasks 1-3 have been completed and constitute Phase 1. The results
of this phase are summarized in this report. The other six tasks are also listed so as to put
the results reported herein into the context of the overall program. Through these tasks.,

the overall objectives previously mentioned can be met.

1.
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6.

The first task has been to identify existing sources of information on rockfall hazard
rating systems. including states that currently have such rating systems. It was
recognized at the beginning that the existing models would hikely need to be moditied
to fit the needs of Utah's rockfall arcas.

To begin establishing rockfall locations and places of potential rockfall problems in
the state of Utah, the maintenance supervisors for the Utah Department of
Transportation have been interviewed at the various rockfall sites where possible.
Site verification and classification was then completed with the assistance of local
maintenance foreman to establish details about rockfall sites in cach of the
maintenance stations affected by rockfall.

The information obtained from the interviews, site verification. and classitication
with the maintenance foreman has been used to create a preliminary rockfall hazard
databasc. This database contains all existing information on particular rockfall arcas
throughout the state of Utah and serves as the basis for developing an appropriate
detailed hazard rating system through more detailed inventories. This database is
described in this report. Subsequent tasks are to be completed during Phase 11.

A detailed inventory should be completed that tests several candidate hazard rating
systems simultancously on a subset of the sites identified in Task 3. Given the results
of this analysis, a detailed hazard rating system should be developed that is
appropriate for the State of Utah.

Using the rockfall hazard rating system. rockfall areas can be prioritized according to
potential problems. Each rockfall area should receive a rating according to the rating
system, and arcas with more problematic potential should receive higher priority.

Rockfall areas with the highest priority should be the sites to first focus mitigation
eftorts. Additional field investigations of these special high priority sites will need to
be conducted. These investigations will allow for further understanding of each
rockfall arca and a better idea of what kinds of mitigation cfforts need to be involved.

Mitigation strategies need to be developed for high priority rockfall areas.
Implementation of these mitigation strategies can then be carried forward to alleviate
hazard associated with each high priority rockfall arca.

‘»d



8. Associated with these mitigation efforts is obtaining information on mitigation
strategies currently being used to reduce rockfall hazard. Other state DOT's should be
surveyed to gather information on their strategies and methods for reducing the
hazards associated with rockfall.

9. The final task is to prepare a manual detailing the prioritization system and GIS
databasc. Maintenance strategies for station personnel, comprised of the maintenance
management program, may also be included. This manual will allow the user the
proper knowledge to use the priority system and will be the key to implementing
mitigation efforts to high priority rockfall arcas. Areas of highest priority will receive
proper attention first and thus reduce the hazards associated with rockfall throughout
the state of Utah.

UDOT maintenance personnel will use the results of this study to prioritize
funding for mitigation of hazards in problem areas. The manual will make maintenance
personnel more cognizant of topographic and geologic features related to these hazards.
By focusing on high priority rockfall areas the objectives of this study may be reached.
Ultimately the Utah Department of Transportation will spend less money on maintenance
associated with rockfall. and become lcss liable for the problems associated with rockfall
damage.

Methodology

The various rockfall hazard rating systems in use by Departments of Transportation
across the U.S. were reviewed at an early stage in this study. The Rockfall Hazard
Rating System (RHRS) was chosen for use during Phase | and is essentially the same
system developed in 1984 by the Oregon Department of Transportation (Pierson, 1990).
The system has a proven track record in Oregon and portions of it have been embraced by
other states.

ODOT RHRS Systcm

The RHRS used in the Phase I reconnaissance study classifies rockfall sites into three
broad. manageably sized categories labeled as A, B, or C. The purpose is to climinate
some sites from the overall inventory based on their inherent lack of danger and to target
those sites that warrant future detailed investigation under Phase II. This rating is a
subjective evaluation of rockfall potential that requires experienced. insighttul personnel
to make valid judgments.

The criteria associated with the rating are given in Table 1 and is based on estimated
potential for rockfall on the roadway and historical rockfall activity. The RHRS is
primarily aimed at assessing the rockfall potential at a site. The estimated potential for
rockfall on a roadway is the controlling element of the preliminary rating. For example,
if a rock slope contains a large block with evidence of active displacement and no ditch is
present to catch it if it falls. it would receive an A-rating, regardless of past rockfall
activity. The historical rockfall activity criterion supplements the primary rating where
clarification is needed.



Table 1. Preliminary Rating System.

Class
Criteria A B C
Estimated Potential
for Rockfall on the HIGH MODERATE LOW
Highway
Historical Rockfall HIGH MODERATE LOW
Activity

The following factors have been considered when estimating the estimated potential for
rockfall on the highway:

Estimated size of material
Estimated quantity of material
Amount available

Ditch effectiveness

B

In addition, the following factors were considered with respect to the historical rockfall
activity:

Frequency of rockfall on highway
Quantity of material

Size of material

Frequency of clean-out

BN

A sample of the Phase I field-rating sheet is given as Figure 1 and includes fields for both
location and estimates of rockfall magnitude and history. A detailed description of the
definition for each blank in the form is given in the Section entitled “GIS Database”. The
rockfall magnitude fields are based on somewhat subjective recollections of past events
or on the physical characteristics of the site. For this reason it was important that a
UDOT maintenance station foreman or a maintenance employee familiar with the site
participate in the estimation. Estimates of historical rockfall frequency are also based on
interviews with UDOT personnel.

Classification Criteria

The A-B-C rating system is based on the following criteria:

e C-Rating. This means that it is unlikely that a rock will fall at a given site, or that,
if a fall should occur; it is unlikely to reach the roadway. In other words, the risk
is nonexistent to low. The RHRS Participant’s Manual (Pierson and Van Vickle,
1993) suggests that “it is not worthwhile to clutter a database with information on
slopes of this nature”.




Data Sheet for RHRS, Summer of 2001

Section # Highway GRADE
Waypoint Start ) Shed (#) )
Waypoint End . Mileage . N
Estimated Potential for Rockfall on Roadway:
Avs. Sizc of Matenal <6in. 6-12in, 1.3t >3ft.
Max. Sizc of Matenal <1ft 1-2 1. 2-51¢. >5ft
Cstimated Quantity of Material
" b Event
Amount Available Limited Limited ¢+ Plentiful - Plentiful
Ditch Effectivencss Poor Fair Good V. Good
Historical Rockfall Activity:
Frequency of Rockfali on Highway < tyr. 1.2yr. 3-6lyr. 7-10lyr. >10
Frequency of Clean-out < 1yr. 1-2lyr. 3-6lyr. 7-10/yr. >10 -

Quantity of Matenal

COMMENTS:

Figure 1. Rockfall Hazard Rating System, Phase | data entry form.

e B-Rating. This means that the risk ranges from low to moderate. Although
rockfall from a slope is possible, the frequency is low enough or the roadside
ditch is large enough to restrict nearly all of the rockfall from reaching the

highway.

e A-Rating. This means that the risk ranges from moderate to high. In these cases
the source of rockfall must be obvious. If this situation is combined with small
roadside ditches and a history or frequent rock on the roadway, it is clearly an A-

rating.

In this study, it was often difficult to decide whether a slope with a moderate risk should
fall into the A-rating or B-rating. For this reason, it was found to be advantageous to
adopt a finer scale where B-rated slopes that had a clearly moderate risk would be given a
B+. Similarly, if an A-rated slope was more at the moderate end of the risk scale, it

would be given a rating of A-.

Field Work

The Phase I field work was accomplished mainly in a three-month period from June
through August of 2001. Most of the work (75%) was done by one worker (Jamie
Farrell) with a second worker (Bob Pack) performing surveys of the remaining 25%.



Beginning in May 2001, all maintenance stations across the State of Utah were
systematically contacted and key individuals interviewed by phone to determine the
nature of the rockfall hazard (if any) in their jurisdiction. If no significant rockfall hazard
was identified by these personnel, the maintenance station was erased from the inventory
schedule and not considered further. If any hazards at all were identified, an estimate of
the number of sites requiring visits was used to partition off a block of time in the
inventory schedule. An appointment was then made with the Station Forman or his
identified employee to meet at a time and place to visit the sites. Each site was then
visited in the company of a UDOT employee so as to include an estimate of rockfall
frequencies, rockfall quantities, and cleanout frequencies. Many of the sessions involved
driving more that 100 miles in one day in a UDOT truck (with flashing lights for safety)
to cover the territory. In virtually all cases the UDOT personnel were extremely helpful
and provided valuable insight into the nature of their rockfall problems. Efforts were also
made by the raters to search for potential rockfall problems that may have escaped
UDOT’s notice. Such new discoveries turned out to be relatively rare. Only slopes
relatively close to the roadway such as rock cuts were included in the inventory.

Potential sources of rockfall from natural slopes further upslope were not included.

The rating process itself progressed fairly quickly and only took a few minutes per site as
UDOT personnel under the tutelage of the USU raters became *‘practiced” over the first
hour or so of each session. At each site the site data sheet was filled out, GPS
coordinates recorded, and one or more photographs taken. Once the data and associated
classification was recorded. this information was entered into an ArcView v3.3
geographic information system (GIS) database at the end of the day or week. Because
geographic coordinates of the beginning and end of each road section were taken with a
GPS receiver, the two coordinates could be used to estimate the road section length and
mark the site location in the GIS. At least one photograph was taken at each site for
inclusion into the GIS database.

The A, B, C rating itself is mainly subjective but as stated before, raters become fairly
adept at these judgments within a short period of time. The two raters spent considerable
time together to harmonize class definitions and rating criteria. Examples of the three
different categories of rock slopes are included as Figures 3 through 5. The ratings
themselves are based on guidelines created for the Oregon DOT in (1984) and listed in
Pierson (1990 & 1993.) The key factor in preliminary ratings is the concept of “risk,”
which refers to the likelihood of rockfall material reaching the roadway (Kliche, 1999).
The emphasis must be on fall material actually reaching the highway. A vertical and
imposing slope does not always warrant an A rating.

Phase I Results

A statistical summary of Phase I results is given in two tables found in Appendix A.
Table Al shows the number of rockfall sites per shed classified by the A, B, and C
ratings. The number classified as A is 479, as B is 569, and as C is 51 for a total of 1099
rockfall sites. Table A2 shows the total length of road section falling into each
classification summarized for each maintenance station. The number of kilometers of






Figures 3 through 6 are photographs of representative slopes in categories A through C.
The C slope given in Figure 3 is located in the jurisdiction of the Emery Maintenance
Station in central Utah. The slope angle for this site is relatively low and is cut through a
sedimentary rock unit (shale or mudstone) that is subject to moderate weathering. The
upslope portion of this rockfall site has evident rounded boulders likely from an upslope
alluvial or conglomerate source. The lower portion of the slope poses no risk to the
roadway, save for small soft scdiment sloughs where the upslope material might
represent a low risk. However, because of the large roadside ditch and the low slope
angle, this slope was given a C rating.

Two B-rated slopes have been included as examples. Figure 4 is from the Huntington
Maintenance Station located in the Uinta Mountains while Figure 5 is from the Colton
Maintenance Station. These two photos were chosen because they illustrate two very
different B-rated slopes. The site in Figure 4 is what might be envisioned as a typical B
slope. This cut is surrounded by heavy forest and has abundant plant cover on the slope
itself. The presence of rock slabs on the slope surface indicates some possibility for rock
sliding despite the plant cover and relatively low slope angle. In the background, it is
apparent that there is a relatively modest berm area. This slope was given a B rating
because of the small ditch/ berm area combined with the presence of slabs that could
potentially slide on the slope face and reach the roadway. Figure 5 also shows a B-rated
slope. This slope has both vertical and laid-back rock faces cut through multiple
sedimentary rock-types. Differential weathering is apparent in two of the three layers
shown. On first glance. this slope might seem to warrant an A rating but on closer
inspection, the width of the ditch area indicates very effective catchments for debris (both
slough and boulders evident in the ditch). This is also borne out by the modest amount of
rockfall reported on the road over the years. This slope demonstrates the effect of well
sized catchments on this preliminary rating system. This slope may have significant
cleaning requirements to maintain its B status.

Figure 6 is a typical A-rated slope. This cut located in the Beaver Maintenance Station
jurisdiction is a representative A-rated slope for several reasons. The catchment ditch
area is inadequate in both width and depth to catch the size material weathered from the
rock face. While the face itself is not extremely high and has good cover on top, the sizes
of the blocks that are weathering from the cliff face are large and casily capable of
reaching the road surface. Final contributing factors to instability on this face evidenced
by vegetation are (1) the potential effects of saturation due to relatively high rainfall and
(2) the potential effects of seasonal freeze-thaw action during the spring thaw.









GIS Database

The culmination of the Phase I inventory was the creation of an interactive database that
links the field data spatially to the Utah state road grid. The database has been built to be
compatible with the ArcView GIS software package in use at Utah State University and
at UDOT. The database created for this project was compiled in a dBASE (*.dbf) file
format and contains 1100 lines corresponding to sites (one line per site) and 27 columns,
which include specific site information. The sites themsclves are grouped by the state
DOT maintenance station jurisdiction in which they lie. The column format is as
follows:

Waypoint (GPS system notation) - these points were sequentially numbcred in the
order they were collected. They serve as a reference between the geographic
coordinate and the inventory site.

ID - A unique identification number was ascribed to each inventory site. It
incorporates the maintenance station number to avoid number duplication in other
maintenance stations.

Easting - East geographic coordinate in the Universal Trans-Mercator (UTM, NAD
83) map projection.

Northing - North geographic coordinate in the UTM, NAD 83 map projection.
Elevation (feet) - Elevation above sea-level in NADV 84 coordinate system.
Length (meters) - Horizontal distance of slope exposure along roadway.

Slope rating - Rockfall hazard rating using the ODOT system. See the section on
Methodology for an explanation of the A-B-C rating.

Maintenance Station name - Name of the Maintenance Station.

Maintenance Station ID # - Station ID assigned by UDOT.

Highway Name - sclf explanatory.

State route # - Highway route number.

Mileage - the mileage marker for the site. This field created for UDOT use but this
data was rarely input during our inventory.

Largest maximum fall block size (inches) - This is the upper limit of the maximum
size of boulders noted by UDOT to have hit the highway.

Smallest maximum fall block size (inches) - This is the lower limit of the maximum
size of boulders noted by UDOT to have hit the highway.

High average fall block size (inches) - This is the upper limit of the average size of
boulders noted by UDOT to have hit the highway.

Loow average fall block size (inches) - This is the lower limit of the average size of
boulders noted by UDOT to have hit the highway.

Availability of rockfall material - This is a subjective description where plentiful
means that a plentiful supply of loose boulders can be seen on or above the slope
adjacent to the roadway. L.imited means that few loose blocks or boulders were
noted.

Fall frequency (# falls/yr) - This is an estimate of how often UDOT maintenance
personnel need to clean the roadway of rockfall cach year.

Ditch cleanup frequency (#/yr) - This is an estimate of how often UDOT maintenance
personnel need to clean the ditch of rockfall each year.
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Evaluation of Alternative Rating Systems

Over the past year of compiling the 2001 project data we investigated several rockfall
hazard rating systems in use in other states. Since the formulation of the Oregon RHRS
in the 1980s several states have adopted, and made modifications to this original RHRS.
Other independently developed systems have also been implemented. After reviewing
these options, we recommend that two systems be tested on a subset of sites as a part of
Phase II. The first was developed by the State of New York DOT during the 1990s as an
improvement on the original RHRS system that New York had adopted in the late 1980s.
The New York system has some fundamental capabilities that have led to some increased
utility in the State of New York. The second system was developed by the State of
Oregon DOT as a refinement of the original RHRS with some improvements (ODOT,
2002). The new Oregon system has not been adopted state-wide but has been recently
applied in one of their districts.

Following is a brief synopsis of the differences between these competing systems. The
existing ODOT rating system computes detailed hazard ratings based on scoring
road/traffic characteristics, geologic/hydrologic characteristics, and rockfall history. In
addition, the system provides a method for estimating mitigation costs at a site. The total
hazard score can be used alone for project identification and prioritization. Alternatively,
the ODOT method recommends that both cost and hazard score be used together to rank
a site using the ratio of cost/score. With this ratio, high costs mitigation coupled with
high scores can rank equivalent to low mitigation costs and low scores.

In the New York DOT System (Hadjin, 2002), a “Total Relative Risk” (TRR) is
computed based on geologic factor (GF), road section factor (SF), and human exposure
factors (HEF). The factors used are similar to the ODOT system except they are
formulated so as to be more directly related to the “probabilities” associated with
consequences and hence risk. The GF, SF and HEF values are multiplied together as ina
probabilistic risk assessment to determine TRR. This risk approach is quite deferent from
the “addition” of scores in the ODOT method and therefore possibly lends itself
particularly well to the concept of “‘risk reduction.” Risk reduction is defined as the
benefit provided by one of several possible treatments applicable to a given rock slope. If
the TRR after remediation is called the residual risk (RR), then Risk Reduction = TRR-
RR. The concept in practice at the NYDOT wherce different remediation efforts are
assigned RR values that are then subtracted from TRR to determine Risk Reduction,
allows DOT officials to evaluate cost-benefits for given sites. Questions like, “How
many dollars can be assigned to a site and at what benefit?” might be more readily
answered with this approach. It is therefore recommended that NYDOT’s Risk
Reduction score system also be tested in Utah during Phase I1.

The modified ODOT system generalizes the hazard rating system to include landslides as
well as rockfall. It is an adaptation of the Washington State DOT's Unstable Slope
Management System (USMS) and, like the original ODOT system, uses an additive
scoring system for rockfall, but with five categories instead of three. The five categories
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are (1) Failure Type/Hazard. (2) Roadway Impact. (3) Annual Maintenance Frequency.
(4) Average Daily Traffic. and (5) Accident History. A score is calculated for each
category. then added together to provide a total score. The system then multiplies the
total score by two factors in order to provide a final ranking for the State Transportation
Improvement Program (STIP). These factors are (1) the Maintenance Benefit Cost
Factor (MBC) and the Highway Classification Factor (HCF). The first factor has to do
with the 20-year maintenance cost and failure repair cost for the site. The second factor
weights the final score depending on its district. regional. statewide, or interstate highway
classification. Unlike the original ODOT system where the cost is divided by the hazard
score, this system multiplies the hazard score by a “cost factor™ that varies between 0.5
and 1.5. Unlike the NYDOT system. this system is not risk-based and therefore cannot
take into account the effects of partial risk reduction on prioritics. It is recommended that
the modified ODOT system be tested in Utah during Phase 11.

Summary and Recommendations

The application of an RHRS based system in Utah has been initiated and completed
through Phase I. the preliminary evaluation process. The results have been encouraging
and the ArcView-based GIS database delivered to UDOT has been well received and
with continued maintenance. should be a useful tool. A total of 479 rockfall sites were
given an “A” rating (high probability of rockfall on the roadway) and identified tor
further study under a future Phase 11 of the project. A total of 569 rockfall sites were
classified as having a "B rating.

It is recommended that the goal of Phase 11 be to calculate a detailed rockfall hazard
rating for the 479 A" sites that will likely require remediation in the near term. Those
569 sites given a "B rating might be investigated later as the budget permits would not
be reviewed in the near term. However, it is recommended that the B~ slopes be
subjected to a detailed rating so that their true ranking relative to the A-ranked sites can
be investigated.

It is recommended that a detailed investigation of 90 to 100 slopes using the ODOT.
NYDOT and modified ODOT rating systems be completed in carly summer 2002, The
objective is to test all three systems in the field in order to determine the best system for
use in Utah. This task would take place during May and June of 2002. All three systems
would be applied to each rockfall site from a variety of geologic suites across the state.
Following the gathering of field data. the data would be compiled. analyzed. and
reccommendations developed for such that a preferred system could be chosen by UDOT.
Collection of detailed rockfall hazard ratings would then proceed using the preferred
system throughout the rest of the summer 2002 and likely into the summer of 2003.
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