


TABLE OF CONTENTS 
 
Introduction.................................................................................................. 1 
 
Road Inventory............................................................................................. 2 
 
Evaluation of Road Management Plan .......................................................... 4 
 
Contact with other Agencies.......................................................................... 7 
 
Road Classification ....................................................................................... 8 
 
Road Maintenance........................................................................................ 10 
 
Recommended Road Improvements .............................................................. 13 
 
Conclusion ................................................................................................... 17 
 
Appendix 1: Road Inventory Data 
 
Appendix 2: Standard Road Cross Sections 
 
Appendix 3: Road Management Plan 
 
Appendix 4: Roadway Conditions and Maintenance Practices Report 
 
Appendix 5: Jefferson County Drainage Requirements 
 
Appendix 6: Road Improvement Recommendations from CRRRFPD 
 
Appendix 7: Road Costs 
 
Diagram 1: Road Surfaces 
 
Diagram 2: Road Classification 
 
Diagram 3: Recommended Road Improvements 
 
 
 
 

 



Road Improvement Plan 
March, 2009 

1 

INTRODUCTION 
 
At the request of the Crooked River Ranch Special Road District (CRRSRD), AKS 
Engineering & Forestry (AKS) has prepared this Road Improvement Plan for use in 
the development of CRRSRD’s transportation infrastructure.  This plan is being 
jointly funded by the Crooked River Ranch Special Road District and the Crooked 
River Ranch Club and Maintenance Association for the mutual benefit of both 
organizations.  The scope of the Road Improvement Plan includes: 
 

• An inventory of all roads within the CRRSRD 
• Review of the adopted Road Management Plan 
• Review of road maintenance practices 
• Contact agencies that utilize roads within the CRRSRD for feedback on 

transportation improvements 
• Classify roads into Local, Collector, or Commercial 
• Prepare a list of road improvements 

 
Currently, the CRRSRD and the Crooked River Ranch Club and Maintenance 
Association have an adopted Road Management Plan (see Appendix 3) that outlines 
the history, responsibilities, transportation issues, planned improvements, and 
standards.  The Road Management Plan has adopted ODOT standards for road 
improvements.  Additionally, the Crooked River Ranch Club and Maintenance 
Association had an evaluation of their Road Conditions and Maintenance Practices 
prepared by Brian F. Barnett, PE, in 2007 (see Appendix 4). 
 
During the preparation of this report, AKS contacted the CRRSRD, the CRRSRD 
Citizen’s Advisory Committee, the Crooked River Ranch Club and Maintenance 
Association Maintenance Committee, the Crooked River Ranch Rural Fire 
Protection District, the Redmond School District, the Culver School District, the 
Deschutes County Sheriff’s Office, and the Jefferson County Sheriff’s Office.  
Additionally, Mike Moore, High Desert Aggregate & Paving, Mike McHaney, 
Jefferson County Roadmaster, and Rich Black, Jefferson County Engineer, provided 
very useful information that assisted with the preparation of this report and 
diagrams. 
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ROAD INVENTORY 
 
In December, 2008 and January, 2009, AKS performed a road inventory of all roads 
within the CRRSRD.  Intersections, road surface, road length, and road width were 
identified in order to provide the CRRSRD with a complete inventory of their 
jurisdiction (see Appendix 1).  Additionally, the data would be useful in determining 
road improvement priorities and estimated costs. 
 
Crooked River Ranch currently has approximately 90 miles of roads, of which 11+/- 
miles are maintained by Jefferson or Deschutes County.  Approximately 77 miles are 
under the CRRSRD’s jurisdiction and the remaining 2 miles of roads are within 
private easements. 
 
All County maintained roads are paved, striped, signed, and maintained to County 
standards.   
 
Roads under the CRRSRD have variable surfaces consisting of dirt, red cinders, 
gravel, chip seal/oil mat, and asphalt.  Some paved surfaces are striped and others 
are not.  Intersection street signage, speed signs, and some curve signage are found 
on most roads.  Of the 77 miles of roads under the CRRSRD’s jurisdiction, 25.7 
miles are paved, 10.7 have gravel surfaces, and 40.6 miles are dirt or red cinders.  
Most of the roads that serve a larger number of residents have been paved.  Please 
see Diagram 1 for a summary of current road surfaces. 
 
Most of the paving on CRRSRD roads have been completed during the past ten 
years.  The pavement improvements have been inconsistent, obviously due to the 
lack of a standard for road improvements (which did not exist prior to 2008).  
Variable depths of base rock and pavement were encountered.  Some paved roads 
have held up well and others exhibit premature deterioration.  A few of the paving 
improvements (~3 miles) have been for local roads which only serve the residents 
that directly access the road. 
 
A number of intersections have inadequate sight distance (see Recommended Road 
Improvements).  Many of these intersections have obstructing brush and juniper trees 
that create potentially hazardous intersections.  Some intersections would require 
mass grading or road realignment and could be cost prohibitive when compared to 
the volume of traffic for the intersection.  Adequate sight distance was based off of 
AASHTO standards for intersection sight distance. Sight distance is generally based 
off of the 85th percentile speed; however the variable traffic patterns, the time of year, 
and the extra expense associated with obtaining the 85th percentile speed made 
gathering this data impractical.  Design speeds were assumed to be 25 mph for gravel 
roads and 35 mph for paved roads, which is generally the posted speed limit for 
gravel and paved roads, respectively.  It is true that a significant portion of traffic will 
travel faster than the posted speeds over some stretches of roads.  AKS recommends 
further investigation into adequate sight distance for intersections prior to 
commencing construction activities to improving intersections. 
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Drainage structures, including ditches and culverts, are present within some road 
alignments, usually with the most recent improvements.  Portions of roads are 
located at the lowest point in the drainage basin and can serve as a collection point 
for stormwater runoff.  Recent rocking combined with regrading ditches have 
improved drainage on some roads.  Most drainage problems encountered are found 
on roads that have not been rocked or paved recently, and often exhibit lack of 
crown and necessary ditching. 
 
Some roads, such as Sundown Canyon, have steep sections which exceed a 10% 
grade (the maximum grade allowed by Jefferson and Deschutes Counties).  Many of 
these roads are near the Deschutes River and there is not a cost-effective solution to 
flatten these grades. Flatter grades would require more right-of-way, grading, 
excavation, and blasting.  During the preparation of this report and interactions with 
various Crooked River Ranch organizations, no specific complaints about road 
grades were received.  However, steep roads must have well maintained ditches and 
culverts to prevent premature road degradation. 
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EVALUATION OF ROAD MANAGEMENT PLAN 
 
The Road Management Plan was adopted by the CRRSRD and the Club and 
Maintenance Association in 2008 to ensure road improvements were constructed in 
a consistent manner and to a set standard.  Every year, the Road Management Plan 
is reviewed by the CRRSRD and the Club and Maintenance Association for possible 
changes.  AKS has reviewed the Road Management Plan and recommends the 
following changes: 
 

1. The minimum standard for road improvements is based on the road’s 
classification, which is based on average daily traffic (ADT).  ADT with 
the Ranch can vary depending on the time of year or day of the week.  
There is no described standard on how ADT shall be obtained.  
Additionally, other important factors (such as traffic circulation, 
emergency response, future development, and future road improvements) 
are not considered in determining whether a road is classified as Collector 
or Local.  AKS recommends abandoning classification based on ADT and 
instead, permanently classify each road under the CRRSRD’s jurisdiction.  
A permanent classification would allow the CRRSRD to easily identify 
those roads that should have paved surfaces and those roads that should 
have gravel surfaces.  The classification will also help prioritize which 
roads should be improved.  This report has included a recommended road 
classification specifying each road as either Local, Commercial, or 
Collector. 

 
2. There are some roads within Crooked River Ranch that serve commercial 

traffic rather than residential traffic.  Commercial traffic generally consists 
of larger vehicles and heavier loads, which will increase wear and tear on 
road surfaces.  AKS recommends including a Commercial Road 
classification that requires more base rock (8” depth) and pavement (2-
1/2” or E-11 Oil Mat) to sustain the heavier truck traffic often associated 
with commercial areas. 

 
3. The Road Management Plan includes very little on drainage infrastructure 

but states roads shall have a minimum one foot deep ditch and mentions 
the importance of culverts.  AKS recommends the CRRSRD adopt 
Jefferson County’s drainage requirements, which specifically require 18” 
cross culverts (with exceptions), 12” driveway culverts, and adequate 
stormwater infrastructure to accommodate the 50-year storm.  
Additionally, AKS recommends the minimum ditch depth be increased to 
1.5 feet and include check dams at regular intervals on grades steeper than 
5%.  Driveway culvert maintenance should be the responsibility of the 
owner of the driveway.  Cross culvert maintenance should be the 
responsibility of the CRRSRD.  Road improvements initiated by the 
CRRSRD should include providing adequate drainage infrastructure 
(including driveway culverts for legal driveways) along all improvements.  
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This will minimize damage caused by stormwater runoff and extend the 
life of road improvements, which will save money for CRRSRD. 

 
4. The majority of roads within the CRRSRD are local roads and according 

to the Road Management Plan, shall have a gravel surface.  The Road 
Management Plan requires gravel surfaces to meet ODOT specifications 
for ¾”-0” rock.  However, ¾”-0” rock meeting ODOT specifications is 
intended for base rock that will be covered by a paved surface.  The 
specification is not for a gravel surfaced road.  Although ODOT does not 
have a specification for surface gravel, many other jurisdictions do 
(WASHDOT, Caltrans, etc.).  Last year, CRRSRD roads were graveled 
with a ¾”-0” reject rock from Cline Butte.  This material does not meet 
ODOT specifications, although it was also used by Deschutes County for 
resurfacing some of their gravel roads in 2008.  Additionally, there was 
positive feedback from Ranch residents with the use of this material.  AKS 
recommends that local roads within the CRRSRD be surfaced with a cost-
effective, locally available reject rock material.  The material should ¾”-0” 
and approved by the CRRSRD and the Road Supervisor.  Gravel should 
be placed in no more than 6” lifts, wetted to optimum moisture content, 
formed to a crown section, and compacted.  The CRRSRD may request 
the material to be tested for adequate compaction (see recommended 
compaction specifications in Appendix 2) at 500 foot intervals. 

 
5. The Road Management Plan outlines future road improvements within 

the CRRSRD.  This report has prepared a comprehensive list of 
improvements that should be adopted by the Road Management Plan.  
The list of improvements considers the current funding of the CRRSRD 
and their ability to maintain paved roads within their jurisdiction. 

 
6. The Road Management Plan clearly specifies that local roads shall have a 

gravel surface.  This report’s recommended road classification includes 
some local roads that currently have paved surfaces.  In time, paved roads 
will deteriorate and require an overlay or chip seal.  The CRRSRD and 
the Club and Maintenance Association should not be responsible for 
maintaining a paved road with a local classification.  Funding is 
inadequate for this type of maintenance and does not proportionally 
benefit Ranch residents.  AKS recommends any future pavement 
improvements to local roads be covered by an LID process or other cost 
sharing agreement that burdens those residents who live adjacent to the 
local road to be improved.  Current paved local roads include Rim Road, 
Horny Hollow Trail, and Ridge Place.  AKS is unaware of any LID or 
road maintenance agreements that exist for these roads.  If the 
recommended road classification policy is adopted, residents along these 
roads should be informed that future pavement maintenance will not be 
funded by the CRRSRD. 
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7. The Road Management Plan does not contain specifics on signage and 
striping.  AKS recommends that roads within the CRRSRD have 
adequate traffic signage conforming to MUTCD standards.  There are 
many intersections that have “Yield” signs where a “Stop” sign is 
appropriate.  Yield intersections are appropriate where there is adequate 
sight distance for a moving vehicle to safely merge or enter another road.  
Many of the encountered “Yield” intersections do not have adequate sight 
distance.  As funding permits, “Yield” signs should be replaced with 
“Stop” signs and additional signage installed for sharp curves, speed 
limits, dangerous intersections, etc. 
 
Most of the paved roads within the CRRSRD are striped.  The Road 
Management Plan should specify whether Collector and Commercial 
roads should be striped or not.  Striped roads assist with traffic control, but 
require occasional restriping and therefore more funding.  Collector and 
commercial roads within the CRRSRD experience relatively low traffic 
volumes and may not need striping.  However, striping assists drivers on 
dark nights with limited visibility.  AKS recommends the CRRSRD 
establish a clear policy on striping so future improvements will be 
constructed consistently.  If adopted, striping should be consistent with 
Jefferson County specifications or ODOT standards. 

 
8. The summary of road lengths in the Road Management Plan is not correct 

and should be updated.  Please see “Road Inventory” for correct road 
lengths. 
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CONTACT WITH OTHER AGENCIES 
 
In preparation of this report, AKS contacted other agencies that utilize the roads 
within the CRRSRD.  A summary of their comments are as follows: 
 
Crooked River Ranch Rural Fire Protection District 
 
A list of requested road improvements from the Fire District can be founding 
Appendix 6.  Additionally, AKS met with the Fire District to discuss potential road 
improvements.  The Fire District prioritized the roads they would like to see paved 
and discussed their rationale.  Providing a paved road along Rainbow-Bullhead is 
their highest priority, followed by paving Dove Road, then paving Golden Mantle 
Road.  The Fire District also commented how they appreciated the many recent road 
improvements and are very supportive of a secondary access that would extend 
Quail Road to Lower Bridge Road. 
 
Redmond School District 
 
AKS attempted to contact the transportation supervisor from the Redmond School 
District, but received no response. 
 
Culver School District 
 
AKS spoke with the Culver School District’s transportation supervisor.  The school 
district was concerned with dust from roads (Geneva View, specifically) that has 
clogged air filters on some buses.  Per the Road Management Plan, funding does not 
permit dust abatement, therefore this issue will likely remain. 
 
Deschutes County Sheriff’s Office 
 
AKS contacted the Deschutes County Sheriff’s Office and discussed any 
transportation problems they encounter.  The sergeant AKS contacted stated his 
office patrols a very small part of Crooked River Ranch, but was supportive of a 
secondary access to Lower Bridge Road.  Deputies reported no transportation 
problems. 
 
Jefferson County Sheriff’s Office 
 
AKS attempted to contact the Jefferson County Sheriff’s Office, but received no 
response. 
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ROAD CLASSIFICATION 
 
The current Road Management Plan adopted by the CRRSRD bases road 
classification on Average Daily Trips (ADT).  Roads with an ADT of 600-2500 are 
classified as a collector road and roads with an ADT of 0-600 are classified as a local 
road.  AKS is not aware of any document that actually classifies some or all of the 
roads within the Ranch or any traffic counts used to classify any roads. 
 
Roads classified as Collectors are to be paved and roads classified as Local are to 
have gravel surfaces according to the Road Management Plan.  Basing the 
classifications off of ADT allows for an arbitrary interpretation of what each road 
should be classified.  Classifying each road in Crooked River Ranch will provide a 
legitimate basis for prioritizing future road improvements and maintenance.  This 
study has prepared a Diagram that designates road classifications within Crooked 
River Ranch (See Diagram 2).  The Road classifications are not based on traffic 
counts.  Accurate traffic counts can be expensive to obtain and should be acquired 
during peak traffic flows, which occur during the warmer months.  Due to relatively 
low traffic usage on CRRSRD roads, obtaining traffic counts may be unnecessary 
and could yield variable results.  The proposed classification is based on the 
following factors: 
 

• Potential number of residential lots the road will serve 
• Current surface of the existing road (paved roads are assumed to attract more 

traffic) 
• Proximity to other collectors or County Roads 
• Potential to improve the traffic circulation within Crooked River Ranch 
• Access for emergency vehicles 

 
In addition to classifying roads as Local or Collector, this report recommends 
creating a commercial classification for roads within the commercial areas of the 
Ranch.  A commercial classification would require more base rock and thicker 
pavement/oil mat to accommodate heavier loading that generally accompany 
commercial areas. 
 
The following lists County, Collector, and Commercial Roads.  All other roads 
under the CRRSRD’s jurisdiction are classified as local roads by this report. 
 
Roads under County Jurisdiction: 
Chinook (from entrance to the Ranch to just past the intersection of Chinook & 
Clubhouse Road) 
Cinder 
North Hill 
Mustang (from intersection with Chinook to intersection with Shad) 
Peninsula (from intersection with Cinder to intersection with Meadow) 
Shad (from intersection with Mustang to intersection with Sundown Canyon) 
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Collectors: 
Badger (West of Chinook) 
Basalt 
Bullhead 
Canary (from intersection with Shad to intersection with Sand Ridge) 
Chinook (all areas not under County jurisdiction) 
Dove (from intersection with Quail to intersection with River) 
Ermine (from intersection with Quail to intersection with Sage Hen) 
Horny Hollow Trail (from intersection with Hill to intersection with Ranch House) 
Meadow (from intersection with Peninsula to intersection with Scout Camp Trail) 
Mustang (West of intersection with Shad) 
Panorama Circle 
Parkey 
Peninsula (from intersection with Shad to intersection with Cinder) 
Quail 
Rainbow (from Quail to intersection with Bullhead) 
Rainbow (South of Badger) 
River (from intersection with Quail to intersection with Dove) 
Sage Hen 
Sand Ridge (from intersection with Shad to intersection with Canary) 
Shad (from intersection with Sundown Canyon to intersection with Peninsula) 
 
Commercial: 
Buffalo 
Business Circle 
Clubhouse Road 
Commercial Loop 
Ranch House 
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ROAD MAINTENANCE 
 
Both the adopted Road Management Plan and the Road Evaluation by Mr. Barnett 
have recommended road maintenance practices.  This report provides some basic 
maintenance practices that will extend the service life of roads.  All roads should be 
inspected at least once per year, preferably in the spring, by the Road Supervisor.  A 
list of necessary repairs should be prepared and reviewed by the CRRSRD and the 
Road Supervisor. 
 
Appendix 7 contains a summary of estimated construction and maintenance costs, a 
scenario outlining costs of maintaining paved roads, and a summary of crack sealing 
and patching on existing paved roads.  The costs were prepared in 2009 and may not 
reflect current contractor prices.  These costs can be used for a rough estimate of 
future road improvements and maintenance costs; however, AKS can prepare cost 
estimates reflecting current costs and identify other potential issues associated with 
road improvements. 
 
Paved Roads 
 
Below is a list of pavement repairs that can be used to rehabilitate a paved surface.  
Minor pavement repairs can be a cost effective method to extend the service life of a 
paved surface if funding is not presently available for a chip seal or asphalt overlay.  
Evaluation and repair of the road’s existing drainage infrastructure should 
accompany repair of paved roads – especially if drainage is the cause of the damage.  
Possible repairs to paved surfaces include: 
 

Crack Sealing 
Pavement cracks at least ¼” in width should be sealed with a flexible crack 
sealant.  Sealing pavement cracks improves the life of the paved surface and 
prevents water from infiltrating the base rock and creating further damage. 

 
 Slurry Seal 

Asphalt paved roads that are degraded due to weathering and have minor 
cracking can be slurry sealed, which uses a mixture of fine gradated rock with 
emulsified asphalt.  Prior to slurry sealing roads, large cracks should be sealed 
as described above.  Slurry seals extend the life of a road for a few years and 
prevent water from infiltrating into the rock base, but are not commonly used. 

 
 Fog Coat 

Roads that are degraded due to weathering, but have little cracking or 
fracturing can be sealed by a fog coat.  A fog coat is a thin seal of the road 
surface with a mixture of emulsified oil and water.  Like slurry seals, fog coats 
extend the life of a road for a few years and prevent water from infiltrating the 
rock base.  Fog coats are rather inexpensive and are ideal for oxidized chip 
seals.   
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Asphalt Patching 
Substantial pavement damage isolated in certain areas can be ground down 
and replaced with 2” of hot-mix asphalt.  Patching prevents further 
degradation of the damaged area, but often does not fix the reason for the 
damage (i.e. surface damage caused by a low point where runoff collects). 
 
Chip Seal 
Deteriorated paved roads can be repaired by a chip seal overlay (one shot or 
two shot, depending on the extent of surface damage).  Chip seals prevent 
moisture from infiltrating the rock base and can add some structural strength 
to the road with the addition of more aggregate.  Any substantial cracking or 
road surface deterioration should be repaired before overlaying with a new 
chip seal.  A new chip seal should provide an adequate surface for a paved 
road for 5-10 years. 
 
Asphalt Overlay 
Deteriorated and damaged paved roads can be repaired by asphalt overlays.  
Asphalt overlays are a more durable repair method and more costly.  A thin 
leveling course (~1/2”) of asphalt can be laid to reform the road’s original 
crown shape if the damage is substantial.  Applications of 2” thick asphalt 
overlays are a standard depth.  A new asphalt overlay should provide an 
adequate surface for a paved road for 15-20 years.  As with chip seals, 
substantial cracking and road surface deterioration should be repaired before 
applying an asphalt overlay. 
 
Shoulder Work and Intersections 
After the placement of an asphalt overlay or chip seal, a new gravel shoulder 
should be placed on each side of the road (Road Management Standards 
require two feet width).  The gravel shoulder helps stabilize the side of the 
road and prevents deterioration on the sides of the road.  Overlays and chip 
seals should extend into intersecting roads and driveways to protect the 
improved road.   

 
Gravel Roads 
 
 Grading 

Gravel roads should be graded to maintain a crown or shed section and to 
evenly distribute aggregate across the surface.  Grading the roads should 
redistribute gravel from the shoulder of the road to spread it evenly across the 
traveled surface.  Maintaining a cross slope around 4% is considered 
adequate.  A rounded, parabolic, or flat crown should be avoided since this 
will lead to eventual surface damage caused by precipitation and runoff.  
Roads should be graded under ideal moisture conditions.  Too dry or too wet 
roads will each have their own drawbacks.  Use of a water truck will be 
necessary during dry conditions, but can be avoided during the spring if the 
roads are moist.  Compacting the gravel surface after grading is an effective 
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method to minimize unraveling of the surface and extend the lifetime of the 
road.  Furthermore, applying dust abatement (magnesium chloride) can 
extend the service life of the gravel by 3-5 years. 
 

 Resurfacing 
At some point, the existing gravel surface will have deteriorated to an extent 
where re-gravelling the road is necessary.  Using locally available reject gravel 
with adequate fine material is utilized by many jurisdictions for gravel roads.  
ODOT specified ¾”-0” rock is for base material and not adequate as a gravel 
surface.  Prior to placing gravel, clean out culverts and re-grade ditches.  Raise 
grades of low areas with drainage problems and install culverts as needed.  
Gravel shall be placed in 6” maximum lifts with adequate moisture content.  
The gravel should be formed and compacted to a crown or shed section with 
a cross slope of about 4%.  Smooth transitions shall be constructed between 
driveways and intersecting roads.  Applying dust abatement is a cost-effective 
method to extend the service life of the gravel. 
 
Dust Abatement 
Dust abatement is currently not part of road maintenance practices within 
Crooked River Ranch.  Often, dust abatement is seen as an extra cost that can 
be sacrificed to save money.  However, applications of Magnesium Chloride 
also assist in stabilizing and preserving the integrity of gravel roads.  
Magnesium Chloride attracts moisture, which maintains the binding of fine 
materials within the road base.  Including dust abatement with annual 
watering, blading, and compacting of gravel roads would increase 
maintenance costs, but could substantially extend the service life of a gravel 
road. 
 

Drainage 
 

Ditches 
Ditches should be graded as necessary to ensure adequate flow along road 
grades and to maintain adequate depth to retain stormwater runoff.  Smooth 
transitions between culverts should be maintained and excess material 
deposited where it will not obstruct stormwater runoff.  Ditches should be a 
minimum of 1.5 feet deep, although deeper ditches may be necessary to 
provide positive drainage to culverts.  Check dams should be placed on 
steeper roads (>5%) at adequate intervals to minimize erosion. 
 
Culverts 
Culverts should be clear of debris and allow for free flow of stormwater 
runoff.  Providing sumps at the inlets and outlets of culverts helps minimize 
the amount of debris entering a culvert.  Placing rock at the inlets and outlets 
will help stabilize the ends of the culvert and minimize erosion. 
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RECOMMENDED ROAD IMPROVEMENTS 
 
The following are recommended improvements, which are based on AKS’s 
inventory of the CRRSRD roads, the recommended road classification, and 
discussions with agencies that serve Crooked River Ranch.  See Diagram 3 to 
identify the location of the proposed improvements.  Please note the cost estimates 
provided are very preliminary and can vary substantially depending on the actual 
constructed improvements.  The extent of road improvements is based on the 
existing funding the CRRSRD receives.  Additional funding may allow for more 
road improvements, but the road system should be evaluated to determine an 
appropriate priority for road improvements. 
 
Road Improvements should conform to adopted CRRSRD standards and be based 
on the road’s classification.  See Appendix 2 for standard road cross sections. 
 
Geometric design of roads shall conform to current AASHTO recommendations.  
Construction specifications shall conform to current ODOT Standard Specifications, 
except as modified by the Engineer.  Drainage improvements shall conform to 
Jefferson County Code Road Standards.  Deviations from standards shall be 
considered by the CRRSRD as applicable. 
 

1. Secondary Exit from Crooked River Ranch to Lower Bridge Road:  Extend 
paved road from Southern terminus of Quail road to Lower Bridge Road.  
The secondary exit would provide a much needed additional route for traffic 
entering and exiting the Ranch.  Currently, small numbers of drivers utilize 
unimproved dirt roads on BLM lands that pass by either side of Steamboat 
Rock and connect to Lower Bridge Road.  This area is not under the 
jurisdiction of the CRRSRD.  Re-establishing the CRRSRD’s boundary 
would be necessary to include a propose route to Lower Bridge Road.  
Adding this route to the CRRSRD system would substantially change traffic 
patterns within the Ranch.  Many residents in the southern portions of the 
Ranch would likely use this route rather than Chinook Drive.  The altered 
traffic patterns would result in more use of CRRSRD roads rather than 
County maintained roads and could lead to more frequent road maintenance.  
The CRRSRD needs to be especially aware of its limited funding and to 
analyze the secondary exit’s financial impact.  Total length = 1.0 mile. 

Estimated Cost: $450,000 
 

2. Badger Road Curves Improvements: The Badger Road curves are a current 
traffic hazard, especially during winter driving conditions (often this section 
of road is closed during hazardous conditions).  The curves are very tight and 
may need additional superelevation.  Additionally, sight distance at the 
intersections of Badger & Steelhead and Badger & Rainbow is inadequate.    
The Badger Road curves are located outside of dedicated public right-of-way.  
Badger Road needs to be surveyed and analyzed for design solutions that will 
improve safety on curves between Rainbow and Steelhead as well as improve 
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intersection sight distance.  Additionally, right-of-way should be acquired and 
adjacent parcels realigned.  The design solution will involve grading, 
excavation, and realignment of Badger Road.  Please note the provided cost 
estimate is a very rough number and is largely dependant on the design 
solution.  Total length = 0.2 miles. 

Estimated Cost: $100,000 
 

3. Pave Rainbow and Bullhead: Rainbow and Bullhead Roads comprise the 
largest area of Crooked River Ranch without any paved roads.  A paved road 
from Rainbow Road’s northern intersection with Quail Road to Bullhead 
Road’s intersection with Badger would improve traffic circulation in this area 
and benefit many Ranch residents.  To facilitate this improvement, the 
intersection between Bullhead and Rainbow would need to be re-aligned to 
allow for smooth travel.  Sight distance at the intersection between Bullhead 
and Badger is inadequate and could require grading.  Although acquiring 
right-of-way can occur at any time, improvements to the Badger Road curves 
should be completed before improving Rainbow and Bullhead.  There are 
safety concerns with the alignment and grade of the Badger Road curves and 
improving Rainbow and Bullhead would likely increase traffic to this difficult 
section of road.  Total Length = 2.2 miles. 

Estimated Cost: $450,000 
 

4. Pave Dove Road:  Provide a paved surface on Dove Road from the end of 
pavement (at the BLM boundary) to the intersection with River Road.  
Paving Dove Road in this area improves traffic circulation and provides better 
emergency access.  Total length = 2.6 miles. 

Estimated Cost: $450,000 
 

5. Pave Business Circle: Pave remainder of Business Circle to Commercial 
Standards.  Total Length = 0.4 miles. 

Estimated Cost: $120,000 
 
Sight Distance 
 
Many intersections within CRRSRD roads do not have adequate intersection sight 
distance.  Juniper trees often create sight obstructions at intersections.  Some 
intersections have obstructions caused by terrain and would require mass grading to 
fix.  Most of these intersections experience relatively low traffic volume, although the 
potential for a collision exists. 
 
To improve sight distance at intersections obstructed by juniper trees and brush: 
 

• Remove juniper trees and brush in the public right-of-way. 
• With property owner’s permission, remove juniper trees within the 

intersection sight triangle.  If possible, acquire sight distance easements to 
ensure long term maintenance of sight distance triangle. 
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• If the property owner does not grant permission, ensure juniper trees are 
pruned per the local regulations. 

• Install intersection signs on the major road prior to the intersection to warn 
motorists. 

 
Obstructed intersection sight distance caused by topography can be very costly to 
improve and can be cost-prohibitive for an intersection with low traffic volume.  The 
CRRSRD’s limited funding will likely not be spent on improving these intersections.  
However, installing intersection traffic signs are a cost-effective measure that make 
drivers aware of intersections and can improve safety. 
 
Intersections with inadequate sight distance include: 
 
Bill’s Place & Sand Ridge 
Blue Jay & Dove 
Bullhead & Badger 
Buckskin & Quail 
Canyon & Shad 
Cinder Cone & Cinder 
Cinder Cone & Shad 
Ermine & Bullhead 
Hummingbird & Sand Ridge 
Narissa & Dylan 
Nighthawk & Quail 
Nine Peaks (Private) & Shad 
Noah Butte & Shad 
Parkey & Dove 
Panorama & Shad 
Rainbow & Badger 
Rainbow & Quail 
Sandy Place & Cinder 
Scenic View & Shad 
Steelhead & Badger 
Tarpon & Rim 
 
Pavement Improvements: 
 
Some of the paved roads under the CRRSRD’s jurisdiction are beginning to show 
cracking and should receive some maintenance and repair soon.  Most work would 
consist of sealing cracks and occasional patchwork.  The Club and Maintenance 
Association and the CRRSRD plan to have incidental repairs accomplished this year 
on Chinook Drive.  Other roads that may require repairs soon include: 
 
Parkey (between the new chip seal sections placed in 2008)  
Peninsula 
Quail (between the new chip seal sections placed in 2008) 
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Sage Hen 
 
There were other paved roads which exhibit occasional cracking and shoulder 
failure, but were in reasonable condition and are not expected to require repairs 
within the next few years. 
 
Gravel Road Improvements: 
 
A number of local roads were resurfaced with reject gravel in 2008.  The gravel was 
wetted down and compacted to provide a firm base.  These roads are holding up 
well, although many of them do not have a well defined crown.  A well defined 
crown will help prevent stormwater from ponding on the road and increase the 
likelihood of potholes. 
 
As discussed previously, local roads within the Ranch should continue to be re-
graveled as funding allows.  Ditch grading and installation of necessary culverts 
should occur at the same time as local roads are being re-graveled.  Priority to re-
graveling should be based on number of residents served and emergency access. 
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CONCLUSION 
 
 
The primary concern of the CRRSRD (and the Club and Ranch Maintenance 
Association) should be road funding.  Current funding for the CRRSRD is not 
adequate to continually convert gravel roads to paved roads, and possibly to 
maintain existing paved roads.  The recommended improvements in this report 
represent an approximate limit of paved roads the CRRSRD (with the help of the 
Association) can expect to maintain in a reasonable condition.  After those 
improvements are complete, most of the CRRSRD funds are expected to go towards 
maintaining current infrastructure.  As shown in Appendix 7, maintaining existing 
paved surfaces with chip seals can minimize costs and could potentially work within 
the CRRSRD and the Association’s budgets. 
 
At this time, including dust abatement (MgCl) with annual gravel maintenance does 
not appear cost effective for the Ranch.  However, applying dust abatement can 
potentially increase the lifetime of gravel roads – especially those that receive 
substantial traffic.  If budgets permit, AKS recommends experimenting with dust 
abatement on specific gravel roads (Steelhead, north of Badger might be an ideal 
candidate) to determine if dust abatement could benefit the Ranch’s gravel road 
maintenance.  Both Jefferson and Deschutes Counties utilize dust abatement and 
coordination with their application schedules could help reduce the potential cost. 
 
There are residents in Crooked River Ranch who would like to see more paved 
roads.  However, the CRRSRD will require a permanent increase in funding to 
continually pave more roads.  Alternatively, residents can set up a Local 
Improvement District which would allow additional roads to be paved under 
separate funding. 
 
Future road improvements need to adhere to the current Road Management Plan 
that is adopted by the CRRSRD and the Club and Ranch Maintenance Association.  
The minimum standards included in the Road Management Plan will ensure 
adequate road construction within the Ranch and extend the durability of new roads.  
This report’s recommendations to the Road Management Plan will also ensure 
improved road quality and extend the value of the limited funding road 
improvements receive.  Furthermore, the adoption of specific drainage standards for 
the Ranch can minimize damage caused by stormwater runoff, extend the lifetime of 
road improvements, and save much needed funds in the future.  High road quality 
improves the value of Crooked River Ranch, which yields a benefit to CRRSRD’s 
tax base. 
 
During the preparation of this report, many organizations responded very favorably 
to a secondary access to Crooked River Ranch via Lower Bridge and Quail Roads.  
Many agencies that serve Crooked River Ranch and the residents would benefit 
greatly by an alternate route to and from the Ranch.  A secondary access to Crooked 
River Ranch would alter the traffic patterns of the Ranch and result in heavier traffic 
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on CRRSRD maintained roads.  The extent of heavier traffic is not known, but there 
is a potential for increased maintenance cost on CRRSRD’s roads. 
 
Lastly, increased intersection sight distance and traffic signage within the CRRSRD’s 
jurisdiction will improve traffic safety within the Ranch.  Small improvements such 
as these can be accomplished with limited funding and yield important benefits.   
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APPENDIX 7
ESTIMATED ROAD COSTS

Item Cost per
2-1/2" HMAC, 22' wide $140,000 mile
2" HMAC, 22' wide $116,000 mile
E-11 Oil Mat (4-shot), 22' wide $71,000 mile
E-9 Oil Mat (3-shot), 22' wide $58,000 mile
6" Compacted Rock Base, 26' wide $91,000 mile
4" Reject Rock, Watered, Compacted, w/ MgCl, 24' wide (by others) $44,000 mile
4" Reject Rock, Watered, Compacted, w/ MgCl, 24' wide (by CRR) $33,000 mile
4" Reject Rock, Watered, Compacted, w/o MgCl, 24' wide (by CRR) $27,000 mile

2-shot Chip Seal, 22' wide $42,000 mile
1-shot Chip Seal, 22' wide $29,000 mile
Fog Coat $5,000 mile
Gravel Shoulders (2' wide, compacted, both sides) $6,000 mile
Crack Sealing (assume moderate cracking) $5,000 mile
Grind and Patch Deteriorated AC (assume moderate damage) $20,000 mile
Annual Gravel Road Maintenance (by others, w/ MgCl) $8,000 mile
Annual Gravel Road Maintenance (by others, w/o MgCl) $2,000 mile

Ditching (1.5' Depth, both sides) $32,000 mile
18" CMP Culvert (Installed) $40 LF
12" CMP Culvert (Installed) $30 LF

Estimated costs were prepared in 2009 and may not reflect present costs.  Consult AKS
to get current cost estimates.

Mobilization, Traffic Control, Intersection Improvements, Driveway Improvements, Excavation,
Signage, Striping, Engineering, Surveying, Staking, Testing, and other items not specifically
listed are not included in the above prices.  Costs for these items are variable and depend
largely on the specific project.

Road costs denoted with '(by CRR)' assume CRR Road Maintenance will perform items they are
capable of performing, but the remaining work will be performed by others.
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Pavement Maintenance Scenario (Asphalt)

Maintenance of Asphalt Road (Assume 15-yr lifetime, road was paved during Year 0)
Year Maintenance Measures Cost per

6 Crack Seal $5,000 mile
6 Pavement Patch $20,000 mile
6 Fog Coat $5,000 mile
6 Gravel Shoulders $6,000 mile

12 Crack Seal $5,000 mile
12 Pavement Patch $20,000 mile
12 Fog Coat $5,000 mile
12 Gravel Shoulders $6,000 mile
15 2" HMAC Overlay $116,000 mile
15 Gravel Shoulders $6,000 mile

TOTAL $194,000 mile
$12,933 year/mile

Maintenance of Asphalt Road (Assume 20-yr lifetime, road was paved during Year 0)
Year Maintenance Measures Cost per

6 Crack Seal $5,000 mile
6 Pavement Patch $20,000 mile
6 Fog Coat $5,000 mile
6 Gravel Shoulders $6,000 mile

12 Crack Seal $5,000 mile
12 Pavement Patch $20,000 mile
12 Fog Coat $5,000 mile
12 Gravel Shoulders $6,000 mile
17 Crack Seal $5,000 mile
17 Pavement Patch $20,000 mile
17 Fog Coat $5,000 mile
17 Gravel Shoulders $6,000 mile
20 2" HMAC Overlay $116,000 mile
20 Gravel Shoulders $6,000 mile

TOTAL $230,000 mile
$11,500 year/mile

Current CRRSRD Paved Roads (Exclude Local Roads) 22.7 miles
Range of expected maintenance costs $293,587 per year (maximum)

$261,050 per year (minimum)

Paved CRRSRD Roads under Road Plan 28 miles
Range of expected maintenance costs $362,133 per year (maximum)

$322,000 per year (minimum)

Crack sealing, patching on paved roads Cost miles
Chinook $40,000 1.6
Ermine $15,000 0.6
Parkey $5,000 0.2
Peninsula $52,500 2.1
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Pavement Maintenance Scenario (Chip Seal)

Maintenance of Chip Seal Road (Assume 7-yr lifetime, road was paved during Year 0)
Year Maintenance Measures Cost per

4 Gravel Shoulders $6,000 mile
4 Fog Coat $5,000 mile
7 Gravel Shoulders $6,000 mile
7 2-shot Chip Seal $42,000 mile

TOTAL $59,000 mile
$8,429 year/mile

Maintenance of Chip Seal Road (Assume 10-yr lifetime, road was paved during Year 0)
Year Maintenance Measures Cost per

4 Gravel Shoulders $6,000 mile
4 Fog Coat $5,000 mile
7 Gravel Shoulders $6,000 mile
7 Fog Coat $5,000 mile

10 Gravel Shoulders $6,000 mile
10 2-shot Chip Seal $42,000 mile

TOTAL $70,000 mile
$7,000 year/mile

Current CRRSRD Paved Roads (Exclude Local Roads) 22.7 miles
Range of expected maintenance costs $191,329 per year (maximum)

$158,900 per year (minimum)

Paved CRRSRD Roads under Road Plan 28 miles
Range of expected maintenance costs $236,000 per year (maximum)

$196,000 per year (minimum)

Crack sealing, patching on paved roads Cost miles
Chinook $40,000 1.6
Ermine $15,000 0.6
Parkey $5,000 0.2
Peninsula $52,500 2.1
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