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SECTIONONE Purpose of the Project

The primary purpose of the proposed project is to construct a spillway at the sponsor's Red Mesa
Dam which complies with SEO Rules. Currently, the dam is considerably out of compliance
with this standard, and the Red Mesa Reservoir and Ditch Company (RMR&DC), the dam owner
and project sponsor, is facing the imminent prospect of restriction that would reduce the storage
to zero or even a full breach order if an acceptable spillway is not constructed in the near future.
As the required size and cost of a compliant spillway is significant, the owner would like to
acquire additional storage space in the reservoir as a benefit to help offset the cost of the spillway
construction. This additional storage would utilize some of the owner's existing adjudicated
conditional storage rights for the reservoir. Therefore, a limited increase in dam height, reservoir
storage depth and reservoir storage is also proposed as a part of the project. Additionally,
modifications to the dam'’s outlet system are required to accommodate the enlarged dam, to meet
with dam safety requirements, and to overcome noted structural deficiencies.

Construction of a compliant spillway will require a large amount of excavation of natural
materials from the left abutment area of the dam, the proposed location of the enlarged spillway.
This volume of material would need to be hauled offsite and wasted unless used to raise the crest
of the dam to provide additional flood storage in the reservoir and spillway outflow capacity.
Because of the extent of the required excavation, a large cost component is associated with this
activity. To most efficiently utilize the material to be excavated, URS, in a previous study
funded by a WSRA SW Basin grant, performed an optimization study which balanced required
excavation for the spillway with dam fill placement for an enlarged dam and reservoir
configuration that would provide for a complaint spillway. This study, entitled Spillway
Alternatives Analysis, Red Mesa Reservoir, was completed in September of 2013.

Several scenarios were developed for consideration as a part of that study, including a no-action
scenario which was assumed to require a breach of the dam, constructed in accordance with SEO
Rules. Other scenarios included spillway construction with no enlargement of the dam;
overtopping protection for the dam to allow the design flood to safely pass over the dam; and
two reservoir enlargement scenarios coupled with new spillway construction, one to incorporate
an additional 250 AF of reservoir capacity, and the other to incorporate an additional 550 AF of
capacity.

Ultimately, the option of spillway construction with a reservoir enlargement to provide an
additional 550 AF of storage capacity was selected as the most desirable. This requires a
spillway having a width of approximately 275 ft, and raising the dam crest (in a downstream
raise configuration), by adding material to the existing crest and downstream slope of the
embankment, by 14 ft. The normal water line elevation in the reservoir would be increased by
approximately 8 ft. This work also requires modification of the existing outlet works to
accommodate the raised and widened dam section and the increased storage depth in the
reservoir.

The cost to design and construct the proposed project is currently estimated at approximately
$5.1 million. Of this total cost, the RMR&DC feels that they can afford to pay debt service on a
CWCB construction fund loan of about $700,000. The funding source for the remaining $4.4
million is as yet unknown, but might include funding from WSRA basin and statewide grants, as
well as locally-sourced grant funds and, potentially, sales of the additional water stored in an
enlarged reservoir.
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SECTIONTWO Project Sponsor

The RMR&DC (originally formed as the Red Mesa Ward Reservoir and Ditch Company) was
established in 1923 as a not-for-profit corporation under Colorado law, for the purposes of (1)
filing on, appropriating or otherwise acquiring approximately 4,000 AF of the "flood water of the
La Plata River" and other nearby sources for storage in reservoirs and for distribution and use for
domestic and irrigation purposes by shareholders; (2) acquiring rights-of-way for headgates,
ditches and flumes and storage facilities, as necessary to convey water from the source of supply
to storage reservoirs, to store waters in the reservoirs, and to distribute stored waters from the
reservoirs to shareholders; (3) acquiring ownership of the land on which to construct, maintain
and operate reservoirs; (4) constructing, operating and maintaining said facilities; and (5) levying
and collecting assessments for the repair, operation, maintenance and superintendence of
facilities.

The Atrticles of Incorporation filed with the Secretary of State in 1923 provide for five directors
of the RMR&DC, who are empowered to make by-laws which are proper and necessary for the
management, conduct and control of company business. However, by-laws were never actually
developed or filed by the directors. The Articles of Incorporation are included as Appendix A.

To the end described by the Articles of Incorporation, the RMR&DC owns and operates (a) Red
Mesa Dam and Reservoir, located on the lower end of Hay Gulch, a tributary to the La Plata
River; (b) a diversion structure on the La Plata River; and (c) the Supply Ditch, which conveys
flows diverted from the river to the reservoir. The construction of these facilities was initiated
prior to 1905 and completed in its original form in about 1908. The dam which was constructed
at that time was of smaller size than exists at the site today, as several rebuilds/enlargements
were constructed over the years, as described in Section 3. Original decreed diversion capacity
of the RMR&DC's diversion structure on the La Plata River northeast of the reservoir is 120 cfs;
the company directors indicate that actual capacity is near that amount and is adequate to fill the
reservoir when water is available.

The decreed storage capacity of Red Mesa Reservoir is 1,176 AF. The Articles of Incorporation
call for one share for each AF of water stored; currently, the water is divided among 1,138
shares, which, if full delivery of decreed reservoir capacity occurred, would result in slightly
more than one AF per share. Actual delivery is, of course, somewhat less than that, as some loss
of storage has occurred due to sedimentation, the reservoir is not filled to capacity in all years,
and it is not necessarily drained completely every year. The shares are currently held by 48
different shareholders, with the 7 largest shareholders holding over 50 shares each, comprising
approximately 56% of the total shares in the RMR&DC.

Operating revenue for the RMR&DC is derived totally from shareholder assessments; the current
(2015) annual shareholder assessment is $20/share. This amounts to an annual collection of
$22,760, of which approximately $8,000/year is expended on operation and maintenance of
facilities and other administrative costs, including one part-time employee. Since the
assessments were increased to the current level in about 2010, the surplus above operation and
maintenance expenses has largely been expended to pay for RMR&DC's share of corrective
action studies undertaken to resolve dam safety issues, and to build up the capital reserves of the
RMR&DC in preparation for actual construction work. Prior to 2010, assessments were about
$9/share, so the current assessment represents an increase of about 125% since that time.

The service area for the RMR&DC generally surrounds the unincorporated town of Red Mesa in
southwest La Plata County, as shown on Figure 2-1. The water is distributed primarily by three
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SECTIONTWO Project Sponsor

ditches fed by diversion structures on the La Plata River downstream of its confluence with Hay
Gulch: the Joseph Freed Ditch, the Revival Ditch and the Warren-Vosburgh Ditch. A lesser
amount of reservoir water is also delivered via the Old Indian Ditch (not shown on Figure 2-1),
which has its point of diversion in Hay Gulch upstream of its confluence with the La Plata.
Additionally, nine shares of reservoir water are delivered to the La Plata annually as well
augmentation water. Approximately 1,140 acres of land are irrigated by water released from the
reservoir, so actual delivery of stored water is something less than 1 AF per acre even in the best
years.
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SECTIONTWO
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SECTIONTHREE Project History

The Red Mesa Reservoir (aka, Red Mesa Ward Reservoir, Mormon Reservoir) is located in
southwest La Plata County, Colorado, approximately 16 miles southwest of Durango, as shown
on Figure 3-1. The reservoir has been in existence for over one hundred years, and, until the
recent construction of Long Hollow Reservoir, provided the only significant water storage
facility on the La Plata River system in Colorado.
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Figure 3-1: Red Mesa Reservoir Vicinity Map

According to the water court storage decree for the reservoir, construction of the original storage
facility at this site appears to have been initiated prior to 1905, with that iteration of the dam
eventually completed several years later and reaching a maximum embankment height of about
40 ft at a crest elevation of about 6,880. The dam utilized an open channel spillway of nominal
width cut through the left (east) abutment. A concrete-lined tunnel bored through the
sandstone/shale bedrock of the lower left abutment served as the outlet works. Filling of the
reservoir was accomplished by diversion from the La Plata River via the RMR&DC's Supply
Ditch and by natural flows in Hay Gulch, the watercourse across which the dam was constructed.

The original dam which was completed around 1910 was subsequently overtopped and breached
in the 1920's by a flood which exceeded the existing spillway capacity. Previous studies for the
dam cite sources indicating that the original dam was destroyed by a large flood in 1929.
However, it appears from the records of the State Engineer's Office that the breach occurred
sometime prior to 1925. A set of plans detailing reconstruction of the dam, and showing the
breach section existing within the dam at that time, was approved for construction in February of
1925, not post-1929. Therefore, failure of the original dam must have occurred sometime prior
to 1925.

The 1925 repair design included an enlargement of the previous structure to a maximum
embankment height of about 48 ft at a crest elevation of 6,888, and established a new, somewhat
wider, open-cut spillway on the steeper right abutment of the dam. Enlargement of the dam was
accomplished by a downstream embankment raise. The outlet tunnel from the original dam was
utilized in the enlarged dam, modified by the construction of a new concrete gate tower at the
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SECTIONTHREE Project History

upstream end of the tunnel and the construction of a reinforced concrete cover over the existing
masonry inlet channel upstream of the tunnel, with a reinforced concrete conduit extension
upstream of the old masonry section. These modifications to the outlet works were approved by
the State Engineer in September 1927, as replacement drawings for the original plan set, possibly
indicating that construction was either imminent or underway in 1927. It appears from
subsequent plan sets in later years, however, that the actual height of the dam constructed at this
time was somewhat less than the design height.

In October of 1945, yet another enlargement of the dam and reservoir was approved by the State
Engineer, this time to the current decreed reservoir capacity of 1,176 AF. This enlargement of
the dam, also constructed as a downstream embankment raise, increased the dam height by
approximately 17 ft and the normal water line elevation by about 14 ft. To accommodate the
enlargement, a concrete cut-and-cover conduit extension was added to the downstream end of the
outlet conduit, the gate tower was extended upward and equipped with a new access bridge from
the left abutment, and a new open-channel spillway having a bottom width of about 25 ft was
constructed on the left abutment.

The dam and reservoir exist today in essentially the configuration shown on the 1945 plans.
Repairs to the outlet gate tower were constructed in 1973 to address concrete cracking and
structural deflection issues at the location where the tower was added to during the 1945
construction. Lateral bracing of the upper part of the tower was added in the 1990's to help
control tower deflections under reservoir ice loading conditions.

Copies of the prior approved construction plans for the dam are included in Appendix B.
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SECTIONFOUR Dam Safety Issues

Although the version of the dam in place since the 1945 enlargement has generally performed
well from a dam safety perspective, one glaring deficiency exists: the spillway has been
identified as being inadequate, form a flood capacity standpoint, since at least the time that the
SEOQ issued a revision to the Rules and Regulations for Dam Safety and Dam Construction in
1986, which contained updated standards for spillway sizing. The version of the dam
constructed in 1945 incorporated a spillway with a bottom width of about 25 ft, providing about
6 ft of freeboard to the dam crest. This spillway has been evaluated numerous times since 1986,
and has been found to be inadequate, using every standard applied since that time, to route the
design flood from the approximately 30-square-mile drainage basin of Hay Gulch upstream of
the dam.

The State Engineer currently considers Red Mesa Dam to be a Small, High Hazard structure,
according to SEO Rules. The hazard classification was revised from "Significant™ to "High" by
the SEO in 2008, reflecting the probability of loss of human life if the dam were to fail with the
reservoir full to the spillway crest. This size and hazard class dictates the most conservative
requirements for spillway sizing within the SEO Rules, with the Inflow Design Flood (IDF)
developed according to one of several possible extreme storm evaluation methodologies.

In order to identify potential options for moving forward with spillway improvements,
RMR&DC, utilizing WSRA SW Basin grant funds, retained URS Corporation in 2010 to
perform an analysis of the IDF. This study, entitled Incremental Damage Assessment and Inflow
Hydrology for Red Mesa Dam, was completed in May of 2011. The Incremental Damage
Assessment (IDA) did not support the reduction of the IDF and recommended that the SDF be
equal to the IDF. The IDF was developed using EPAT software and hasa peak reservoir inflow
of 26,133 cfs (URS 2011). By comparison, the existing spillway is estimated to have a capacity
of less than 1,000 cfs.

This lack of spillway capacity has caused a significant amount of concern to the State's Dam
Safety office, to the point where a significant storage restriction, likely to zero storage, and
potentially a breach order, are understood to be enforced in the near future unless corrective
actions are proactively undertaken.

One additional problem of note which has developed over the years is the condition of the outlet
works. Although the original concrete-lined tunnel section has continued to function without
apparent issues, other components have not performed as well. The outlet gate tower constructed
in about 1927 and raised in 1945 was noted to be cracked and displaced along the cold joint
where the enlargement was constructed in 1945, resulting in a visible downstream lean of the
tower; this was corrected by casting a reinforced concrete "collar around the square-shaped
tower at the location of the crack in 1973. The cracking was felt to be due to reservoir ice
loading on the tower during winter storage in the reservoir. Further measures to protect the
tower were taken during the 1990's by the placement of steel struts against the tower and
anchored to concrete blocks placed in the dam upstream slope / left abutment area to provide
resistance to ice loading forces. Still, concerns for the integrity of the tower have led to a
reluctance on the part of the owner to fill the reservoir into the upper part of the storage pool in
the fall and winter months to prevent ice loading problems. This has resulted in the inability to
fill above about the 700 to 750 AF storage level in the early portions of the filling season, even
though water may be both physically and legally available.
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SECTIONFOUR Dam Safety Issues

The existing outlet gate and operating system, contained within the tower, have also essentially
reached the end of their service life and need to be considered for replacement.

Since any proposed solution to the spillway inadequacy problem involved raising the dam crest
and downstream slope to provide additional freeboard by using materials from the required
spillway excavation, the structural adequacy of the existing outlet system to support the
additional fill height was also brought into question. Any enlargement of reservoir storage
capacity would also require altering the existing tower arrangement to accommodate the
increased water depth. Therefore, all dam modification scenarios considered by the 2013
Alternatives Analysis included rehabilitation of the outlet works as a component of the overall
design for remedial work.

Considering the condition of the outlet and its gate system, demolition and removal of the gate
tower and the aging conduit section upstream of the tower are proposed. These would be
replaced by a new upstream intake structure, trashrack, and hydraulically-operated gate, and a
new reinforced concrete conduit section from the new intake structure to the existing concrete-
lined tunnel section. To resist additional structural loading on the downstream conduit section,
the existing tunnel sections would be lined with 21-inch steel pipe, with the annular space
grouted. The steel conduit would be extended downstream an additional 115 ft and encased in
concrete to reach the downstream toe of the raised embankment.

A:COM M:DCS\PROJECTS\WTR\22244294_RED_MESA_FEASIBILITY_STUDY\SUB_00\6.0_DELIVERABLES\FEASIBILITY STUDY REPORT\RED MESA RESERVOIR ENLARGEMENT FEASIBILITY STUDY_REV1. DOCX\ZS-JUL-].E\\4- 2



SECTIONFIVE Study Area Description

The RMR&DC facilities, and the lands served by those facilities, are located in southern La Plata
County in southwestern Colorado, approximately 15 to 25 miles southwest of Durango. Red
Mesa Reservoir is located near the lower end of Hay Gulch, a tributary of the La Plata River.

The lands served by the reservoir are principally located several miles to the south and southwest
of the reservoir, as shown on Figure 2-1, generally surrounding the small, unincorporated town
of Red Mesa located about 8 miles north of the Colorado - New Mexico state line.

Land irrigated by the reservoir consists largely of flat-to-rolling mesa toplands ranging in
elevation from 6,300 ft to 6,700 ft above sea level. Native vegetation on rangelands and
woodlands in the area consists of pinion-juniper and sagebrush, with understory grasses of
western wheatgrass, Indian ricegrass, galleta, blue gramma, squirreltail, and needle-and-thread.

The climate is typical high desert southwest Colorado, semi-arid, with an average annual
precipitation of 18.0 inches. Most of the available moisture comes in the form of winter and
spring snowmelt and late summer rains of the southwest monsoon. The annual mean
temperature is 46 degrees Fahrenheit. The length of the growing season averages 133 days.

Southwestern La Plata County is very rural in nature, with no large centers of population closer
than Durango, Colorado or Farmington, New Mexico. The economy in the Red Mesa Reservoir
service area is therefore largely agricultural, with farming the predominant activity and land use.
Although most persons who live in the area are in some manner associated with agriculture and
derive at least a portion of their income from it, many also have jobs outside of agriculture in the
surrounding area and often obtain the majority of their income from those sources.

In this semi-arid climate, irrigation water is a considerable enhancement to crop production,
whether derived from storage projects or from direct flows diverted from surface water sources
such as the La Plata River. Red Mesa Reservoir is the only significant irrigation water storage
feature in the area, and thus serves a very important role in sustaining the agricultural viability of
the area. The proposed enlargement of Red Mesa Reservoir could provide additional irrigation
water to its service area, enhancing the local economy. Enlargement could also potentially
provide a source of domestic water, or well augmentation water, to an area that has been
historically water critical for many years due to the constraints on water usage imposed by the La
Plata River Compact with New Mexico.

As shown on Figure 2-1, storage water released from Red Mesa Reservoir re-enters the lower
end of Hay Gulch, which then flows into the La Plata River approximately 1 mile downstream of
the dam. Just below the confluence of Hay Gulch and the La Plata River, the first of the three
major ditches which distribute releases from Red Mesa Reservoir toward project lands, the
Joseph Freed Ditch, diverts flows from the La PlataRiver. Approximately another mile down the
river, first the Revival Ditch and then the Warren-Vosburgh Ditch divert the remainder of stored
waters released from Red Mesa Reservoir from the La Plata River. Not shown on Figure 2-1 but
also drawing on the stored waters in Red Mesa Reservoir, is the Old Indian Ditch, which diverts
from the Lower end of Hay Gulch below Red Mesa Reservoir and serves a relatively minor
acreage of land along the west side of the La Plata River above its confluence with Hay Gulch.

Currently, the total land area being irrigated by water released from Red Mesa Reservoir is equal
to about 1,140 acres. This is somewhat less than the total land area irrigated by the three ditches
shown on Figure 2-1, as not all water users on the ditches own reservoir shares. The Freed Ditch
serves the greatest number of acres irrigated from the system, followed by the Warren-Vosburgh
and then the Revival. All three ditches have direct flow rights to divert water from the La Plata
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River when it is available, in addition to their shares of reservoir water, and, in fact, all three
ditches obtain the majority of their irrigation waters from direct flow rights. Releases from
storage in Red Mesa Reservoir serve primarily to prolong the effective irrigation season,
providing summertime water when direct flows from the river are diminished or unavailable.

According to studies performed in the past by the USBR to support the ALP, at the time when
irrigation water for the La Plata basin was still within the scope of that project, approximately
2,900 acres of arable land have the potential for using irrigation water distributed by the three
ditches. However, since the La Plata basin irrigation component was eliminated from ALP, the
acreage irrigated is considerably less than that due to the unavailability of sufficient water
supplies. Depending on water availability, up to 1,600 acres may be irrigated in the early season
by direct flows diverted from the river by the ditches. Supplemental water distributed from
reservoir storage is only sufficient, however, to support about 1,140 acres in any given year, and
this water supports a sustained harvest from the lands to which it is applied.

The primary crop in production from lands irrigated by reservoir water is hay, both alfalfa and
alfalfa/grass mix, for use for livestock feed. Approximately 80% of the land irrigated by
reservoir water is used to produce alfalfa and alfalfa/grass hay. The hay is of high quality,
recently worth about $200 per ton, with a current production ranging from 1 - 2.5 tons per acre
per cutting, depending upon which cutting. First cutting annually is the most productive,
averaging about 2.5 tons per acre. A full second cutting would average about 1.5 tons per acre,
and a full third cutting, if it was available, would average about 1 ton per acre. Maximum annual
production available from a full water supply would therefore be expected to yield
approximately 5 tons per acre. Since only 1.5 cuttings per year are available on average for the
current water supply, approximately 3 tons per acre is currently produced annually, with a value
of about $600/acre. Most of the remaining 20% of the acreage not planted in alfalfa is planted in
small grains, both wheat and oats. Rate of production for small grains is about 80 bushels per
acre, bringing a unit price of $3 to $4 per bushel. At an average price of $3.50 per bushel, this
returns about $280 per acre. Minor amounts of corn are also sometimes planted, and can bring
60 bushels per acre at a value of about $3/ bushel, for a return of $180 per acre.

Of the 1,140 acres irrigated by reservoir water, approximately 750 acres are under sprinklers at
the current time, with the remainder using ditch irrigation. The number of acres under sprinklers
has been increasing gradually, up from about 640 acres in 1995, as the need for improved water
application efficiency has increased. Using ditch irrigation, only about 40% of the water
released from the reservoir is available for consumptive use by crops, due to losses in the ditch
conveyance system. Where conversion to sprinklers has occurred, the use of buried pipelines
and side-roll sprinklers to replace open ditch systems has decreased conveyance and application
losses, increasing overall efficiency to about 70%, effectively increasing the irrigation water

supply.
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Numerous studies have been completed over the years since the last enlargement of the reservoir
in 1945, generally aimed in some manner at further enlargement to capture and store all or most
of the conditional storage rights adjudicated for Red Mesa Reservoir. A summary of the major
conclusions of each of those studies is described in the following subsections.

6.1 SCS STUDIES OF THE 1960'S AND 1970'S

The USDA SCS, between 1967 and 1975, conducted geology and geotechnical evaluations for a
proposed enlargement of the dam and presented their findings in a series of reports and technical
memoranda; available copies of these evaluations are included in Appendix C. The enlargement
envisioned at that time consisted of raising the dam crest by about 24 ft, with the emergency
spillway crest elevation also raised by about 21 ft, to reach a total storage capacity of about 3,300
AF. Eight borings were advanced with a rotary drill rig to investigate the abutments of the dam
and possible emergency spillway areas. Additionally, forty-one test pits were excavated with a
backhoe in the dam foundation area, in potential borrow areas, along the proposed outlet conduit
downstream extension, in potential spillway locations, and in the existing dam. Soil samples
were taken at selected locations for laboratory testing.

The geology report provides the following description of the foundation and abutments:

Bedrock underlying the dam abutments and foundation areas consists of silty clay shale, clayey
and sandy siltstone, and fine grained sandstone of the Cliff House Formation of the Mesa Verde
Group. The general dip of the rock layers is at a gentle slope to the southeast. Slight seepage
from the reservoir probably occurs at several places in the bedrock materials, but the only
location at which significant amounts of seepage was [sic] observed in the bedrock was in the
right (west) abutment about 100 to 150 ft downstream from the present dam centerline in the
vicinity of test hole 602 and 603. When these test holes were dug with a backhoe, water
emerged from a two to three foot layer of fractured siltstone at about elevation 6,853 to 6,855.
The flow from test hole 602 was estimated to be between five to ten gallons per minute and for
test hole 603 about 15 gpm.

In the left abutment of the dam, bedrock is overlain by alluvial deposits consisting of layers of
silty and clayey sand and layers of silty and clayey gravels having a maximum thickness of about
70 ft. These deposits were laid down along an ancient stream valley, which was probably
ancestral to the present Hay Gulch.

In the right (west) abutment, bedrock consisting of alternating layers of shale, siltstone, and
sandstone lies at or near the surface. No serious problems of stability or seepage losses are
expected in this area. A foundation drain should be installed along the layer of fractured
siltstone in the vicinity of test hole 602 and 603.

In the left (east) abutment, relatively impermeable layers of shale, siltstone, and sandstone occur
in the immediate vicinity of the east end of the dam, and no significant seepage areas were
observed near the dam. Beyond the east end of the dam for a distance of about 1,000 ft, bedrock
is overlain by alluvial materials reaching a maximum thickness of about 68 ft.

The lower part of these alluvial deposits consists mainly of silty and clayey fine sands and sandy
silts with some layers of well-graded silty sand and gravel. The materials are mainly below the
present emergency spillway elevation and are for the most part probably only slightly permeable,
since no large seepage losses have been reported from the reservoir. The layers of gravel and
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coarser sand are likely to be at least moderately permeable, as evidenced by a seepage area
which appears along a tributary of Hay Gulch about 1,000 ft downstream from the present
emergency spillway.

The upper part of the alluvial deposits in the left abutment consists mainly of silty and clayey
well-graded gravel and sand averaging about 20 ft in thickness. These materials appear to have a
moderate to high permeability and should be cut off with a core trench in this part of the dam.

Significant conclusions from the SCS investigations included: (1) the bedrock materials in the
dam foundation are generally satisfactory from the standpoint of stability and seepage losses
from the reservoir; (2) the sandy and silty alluvial materials lying deeper in the left abutment
appear dense and relatively impermeable; (3) the gravelly and sandy deposits in the upper 10 to
28 ft of the left abutment should be moderately to highly permeable and should be cut off with a
core trench or by blanketing with impervious material; (4) the most desirable emergency
spillway location is in the right abutment where erosion-resistant sandstone underlies the
downstream section of the spillway; (5) slope stability analysis for the enlarged dam section
dictated a 3.5:1 upstream slope inclination for the raised section, and a 2.5:1 downstream slope
inclination; and (6) drainage features would be needed on the downstream side and along both
abutments where seepage has been observed in the past.

Despite the depth and duration of the SCS investigations, no enlargement project was undertaken
at that time.

6.2 HARRIS WATER ENGINEERING STUDIES OF 1995 AND 2001

Potential enlargement of Red Mesa Reservoir was included in a Small Dam Site Reconnaissance
Study prepared for the CWCB in February, 1994. The study concluded that enlargement of the
reservoir might be feasible, and suggested that further evaluations of the site be made. The result
of that recommendation was the initiation, using CWCB funding, of a feasibility study prepared
by Harris Water Engineering of Durango, completed in 1995.

The 1995 Harris study proposed the enlargement of the reservoir to a capacity of 4,070 AF,
thereby fully utilizing the absolute and conditional storage decrees for Red Mesa Reservoir. To
accomplish the enlargement, both the dam and the spillway crest elevations were to be raised by
29 ft, thereby adding approximately 2,900 AF of storage. The raising of the dam was to be
accomplished by the addition of new fill to the downstream side of the existing dam centerline
(downstream enlargement method). The enlarged dam was to have a crest length of about 1,450
ft, a crest width of 25 ft, upstream slope of 3.2:1 inclination, and downstream slope of 2.5:1.

The enlargement work would have necessitated modification of the outlet works, which was
identified as problematic due to the arrangement, age and condition of the existing infrastructure.
The plan for modification included demolition of the existing gate tower, to be replaced by a new
concrete intake and gate structure, with hydraulically operated gates, located further upstream
within the reservoir. New sections of conduit would be used to connect the upstream end of the
existing outlet tunnel with the new gate structure and to extend the outlet downstream beneath
the new embankment section.

Enlargement of the reservoir would also have required a new spillway, which was to have been
located on the left abutment, beyond the existing spillway. At that time, due to regulatory
uncertainty as to the appropriate precipitation standard to use, the SEO was not enforcing
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spillway requirements for Class 1 (High Hazard) and Class 2 (Significant Hazard) dams that
were either located above an elevation of 7,500 ft, or had a significant portion of their watershed
above that elevation, as is the case for Red Mesa Dam. Still, Harris estimated that the spillway
would need to be about 60 ft wide and 7 ft deep to pass the calculated Inflow Design Flood (IDF)
of 8,000 cfs. It should be noted, however, that the SEO never reviewed or approved the IDF or
the spillway sizing in this feasibility study.

The plan for utilization of the proposed increased storage in the reservoir included mostly
additional irrigation water for crops, but also proposed a 330 AF component set aside for
domestic water uses in the basin, which could be utilized for augmentation of domestic water
wells, exchange water for upstream diversions to domestic water systems, or direct diversion
from the reservoir to a central domestic water system.

Harris developed a water use and daily operational study of the La Plata River for the years from
1975 to 1992 to determine water availability and to analyze potential diversions to the enlarged
reservoir. The study concluded that, for the 18 years of record analyzed, adequate water would
have been available to completely fill the enlarged reservoir for 12 of those years, while in 4 of
the remaining years the reservoir would be able to fill to over 3,100 AF. Only in 2 years would
insufficient water have been available to fill into the enlarged pool. The enlarged reservoir was
estimated to increase the irrigation supply an average of about 38% in all but the driest years,
while simultaneously providing 330 AF of domestic water supply which did not previously exist.
The total annual increase in supply from the enlarged reservoir for all uses was estimated at 1862
AF, or approximately 64% of the increased storage capacity of the reservoir.

A key assumption of the Harris water use study was that winter flows in the La Plata River
would be available without limits and could be diverted to the reservoir via the RMR&DC's
Supply Ditch or through the upstream Hay Gulch Ditch into Hay Gulch and to the reservoir.
This assumption, however, required an alteration of the historic diversion of flows by other basin
water users through an altered and untested interpretation of diversion rights from the La Plata.

Harris concluded in the 1995 study that, if the reservoir could be filled using unlimited
wintertime diversions, the project was feasible. Total estimated cost for the enlargement in 1995
was $3,000,000, which calculates to $1,600 per AF for the average annual supply of 1872 AF.
Based on the feasibility study, the RMR&DC requested a 75% loan from the CWCB for 30 years
at an interest rate of 4.1%, requiring an annual debt service of about $132,000. The RMR&DC
proposed to pay the remaining 25% ($750,000) of the cost, and to generate annual revenues for
repayment of the loan, from the sale of shares, both irrigation and domestic.

The CWCB authorized the loan and terms requested based on the 1995 Harris study. However,
when implementation of the wintertime fill plan discussed above was attempted in 1996, it was
met with considerable opposition, and subsequent legal action, from other basin water users who
did not share in the interpretation of their diversion rights. This issue was never fully resolved,
and eventually led to the decision by the RMR&DC to request that the approved loan be de-
authorized and the cost of the 1995 Feasibility Study be forgiven, in accordance with provisions
of the loan and accepted procedures at the time. This information is contained in the document
Red Mesa Reservoir Enlargement - Concluding Report, prepared by Harris Water Engineering in
2001, which serves as the final document for the enlargement proposal of that time.
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6.3 WRIGHT WATER ENGINEERS STUDY OF 2003

The enlargement proposal was reintroduced two years later in a feasibility study prepared by
Wright Water Engineers for the LPWCD, funded again by the CWCB. This study was
completed in April of 2003, again with the intention of expanding reservoir storage by the
amount of the RMR&DC's conditional water right, to a total of 4,070 AF. This study utilized
revised estimates of water availability and filling methodology, as well as a much more robust
hydrologic analysis for the purposes of sizing a new spillway which would satisfy the SEO Rules
for dam safety.

The LPWCD was involved as the sponsor for this iteration of the reservoir enlargement study
because of its position in an ongoing proposal to construct a water storage facility on the La Plata
River system which could be used to provide exchange water to satisfy the La Plata River
Compact with New Mexico during times of irrigation water demand on the upper La Plata River
in Colorado. At the time when the non-native irrigation water supply component of the federal
ALP was stripped from that project in order to gain congressional approval and funding, the La
Plata River basin, which had been an ardent supporter of the original ALP, was left, quite
literally, high and dry of the irrigation water which they believed would be diverted from the
nearby Animas River to agricultural lands along the La Plata River. To provide some
compensation for their loss, federal funds in the amount of approximately $15 million were set
aside from the ALP and placed in an interest bearing escrow account with the Colorado Water
and Power Development Authority to be used to develop alternative water sources in the La
Plata basin. The LPWCD was placed in the position of coordinating and developing a project
utilizing these funds.

As the owner of the only significant existing water storage facility in the La Plata basin, the
RMR&DC, who had been seeking to enlarge their reservoir, saw the potential opportunity to
work with the LPWCD to utilize a portion of the set-aside funds to enlarge the reservoir to its
decreed storage capacity, if an arrangement could be worked out with LPWCD to utilize a
portion of the reservoir storage for compact administration. This would allow RMR&DC to
construct the required modifications and improvements to the dam to meet dam safety
requirements. LPWCD felt that there was sufficient potential in the proposal to warrant their
involvement as sponsor for the Wright Water enlargement feasibility study. Although the
proposed Long Hollow Reservoir near the Colorado / New Mexico border was already under
consideration at that time, it was felt that perhaps the two projects could be integrated in some
form using the set-aside funds.

The Wright Water study actually included the evaluation of two enlargement alternatives, along
with the required dam safety improvements. The smaller enlargement, to a total capacity of
3,000 AF, would have required raising the normal water surface elevation by about 19.5 ft,
whereas the larger enlargement, to 4,070 AF, would have utilized the full decreed storage
capacity for the reservoir and would require raising the normal water surface by about 27 ft.
Ultimately, the larger enlargement was favored due to the relatively minor difference in overall
cost between the two and the better unit price per AF of storage offered by the larger reservoir
capacity.

The enlargement of the reservoir to a capacity of 4,070 AF, along with the need to route a much
larger IDF through the new spillway, required raising the dam crest elevation by about 34 ft, via
the downstream embankment enlargement method. The upstream slope was to be constructed at
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a 3.5:1 inclination, with the downstream slope at 2.5:1. Overall crest length was to be about
1,250 ft, with a crest width of 25 ft.

As mentioned above, a new hydrologic analysis utilizing SEO-approved precipitation estimates
and methodology was developed for this feasibility study and was incorporated in the design of a
new spillway for the enlarged dam. The hydrologic analysis, which was accepted by the SEQ,
produced an IDF having a peak reservoir inflow of 53,000 cfs. Successfully routing the IDF
through the reservoir required a spillway with a crest length of 700 ft, providing 12 ft of
freeboard between the raised normal water line and the dam crest. This spillway was to be
constructed on the left (east) abutment, at the left end of the enlarged dam.

As with the Harris study, the enlarged dam envisioned by Wright also required a major
modification of the existing outlet works. The Wright design proposed demolition of the
existing gate tower and construction of a new reinforced concrete gate tower in about the same
location, which would be accessed via a bridge from the dam crest. The tower would house a
new 36-inch diameter ball valve for discharge control, and a new conduit segment would be
extended upstream to an intake structure in the reservoir. Downstream of the tower, the plan
called for a 36-inch diameter ductile iron pipe to be installed within the existing tunnel alignment
through the left abutment, requiring partial demolition of the existing 24-inch-wide tunnel, and
placement of a new 36-inch conduit downstream of the existing dam toe to a new outlet structure
at the toe of the new dam. The 36-inch diameter conduit was considered essential to meet
drawdown criteria for the enlarged reservoir.

The Wright Water study also estimated the availability of water for filling the enlarged reservoir
and compared it to previous water studies, including the 1995 Harris study. Wright reviewed the
output from the baseline STATEMOD model for the La Plata River basin, and developed a
Modsim model utilizing 10 years of record, from 1989 to 1998 to estimate water availability and
usage. Although the period evaluated was generally drier than average on the basin, Wright
estimated that the enlarged reservoir would fill to its full capacity in 4 out of the 10 years of
record evaluated. It was felt that this could potentially be improved to 7 out of 10 years if winter
water use on the basin could be reduced.

Wright estimated that the cost of the reservoir enlargement to 4,070 AF would be $7.1 million,
with the cost of the smaller enlargement to 3,000 AF at about $6.1 million. This works out to
$3,211 per AF capacity increase for the smaller enlargement and $2,450 per AF capacity
increase for the larger enlargement. Note that these figures are not per AF of actual water
available to store.

The Wright Water study did not include a financial feasibility analysis for a CWCB loan,
because it was envisioned that the escrow funds held for the LPWCD by the Colorado Water
Resources and Power Development Authority would be the source of funds. Ultimately,
however, the LPWCD concluded that a new dam situated across Long Hollow, a tributary of the
La Plata River near the New Mexico state line, would provide more storage capacity and better
utility for administration of the La Plata River Compact, thereby providing more water
availability to the upper basin. The new Long Hollow Dam and Reservoir, constructed between
2012 and 2014, used all of the set-aside funds, leaving nothing for a potential reservoir
enlargement or improvements at Red Mesa reservoir.
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6.4 URSINCREMENTAL DAMAGE ASSESSMENT AND INFLOW HYDROLOGY
ANALYSIS OF 2011

Once it became clear that LPWCD funds would not be available for improvements to Red Mesa
Dam and Reservoir, the RMR&DC began to pursue other avenues to correct the noted
deficiencies with the dam. This was largely precipitated by the SEO finalizing their revised SEO
Rules, which defined new precipitation development methods for high-altitude areas of the state
and brought those areas which were previously held aside for compliance with the hydrologic
requirements into the fold. Thus, major spillway improvements were now required at Red Mesa
Reservoir.

To initiate the process of analyzing the noted spillway inadequacy and designing remedial
measures, URS Corporation was retained in 2010 to perform an incremental damage assessment
and to develop an IDF for spillway design purposes. This work was primarily financed through
the CWCB by WSRA Southwest Basin grant funds, with matching funds provided by the
RMR&DC. The Incremental Damage Assessment (IDA) was intended to determine if a smaller
IDF than that required by standard hydrologic analysis methods, as allowed by the SEO Rules,
would be appropriate for use at Red Mesa Reservoir.

The IDA did not result in a reduction of the required IDF at Red Mesa Reservoir. However,
using the revised precipitation estimates then allowed by the SEO, and revised modeling
assumptions regarding basin runoff parameters, an IDF having a peak inflow of 26,133 cfs was
developed. This hydrologic analysis was subsequently reviewed and approved for use by the
SEO, and serves as the basis for the design of the dam improvements described by this feasibility
study.

6.5 URS SPILLWAY ALTERNATIVES ANALYSIS OF 2013

Following the completion of the hydrology study performed by URS in 2011, RMR&DC entered
into an agreement with URS to evaluate, both technically and financially, several potential
alternatives for dam modification to remediate the spillway deficiencies identified by the SEO.
This work was performed using funds provided by the WSRA grant process, again from a
Southwest Basins grant, approved for funding by the CWCB in 2012 and completed in 2013. A
copy of the report describing the analysis is included in Appendix D.

The analysis considered a number of different scenarios, ranging from the "no-action" scenario,
where failure to construct an acceptable spillway leads to a dam breach order from the SEO and
the actions and costs which accompany that required breach, to modification of the dam by
hardening of the dam crest and downstream slope to allow it to survive a flood overtopping
event, to construction of a new compliant spillway at the current high waterline, to construction
of a new compliant spillway along with a reservoir enlargement. Two different reservoir
enlargement scenarios were evaluated, at the request of the RMR&DC: (1) a smaller reservoir
enlargement of about 250 AF accomplished by raising the spillway crest and the normal water
line elevation by about 4 ft; and (2) a larger reservoir enlargement of about 550 AF accomplished
by raising the spillway crest and normal water line elevation by about 8 ft.

All of the alternatives were found to contain significant cost elements which would make the
affordability of the project difficult for the RMR&DC. For the dam hardening alternative, the
significant cost of placing roller compacted concrete (RCC) over the entire crest and downstream
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slope of the existing dam drove this alternative to the highest estimated cost among those
analyzed, at nearly $6 million, more than 60% higher than the next most expensive alternative
considered, without providing any additional reservoir storage. This option was therefore
eliminated from further consideration.

The dam breach option, not surprisingly, was found to have the lowest construction cost, but, at
an estimated cost of nearly $1.2 million, could not be considered as inexpensive, especially
considering that it results in the complete loss of the RMR&DC’s most significant asset and all
of their storage water at Red Mesa Reservoir. The cost of this alternative essentially serves as
the baseline cost against which all other alternatives are compared.

Considering the undesirability of the above options, that essentially left the choice among the
remaining three alternatives, all of which included construction of a compliant spillway.
Considering the topography of the site and the required size of the spillway to pass the IDF, only
the left abutment was considered a suitable location for the new spillway. Because the spillway
would need to be excavated through the natural materials of the left abutment, a large quantity of
earth materials would need to be removed and disposed of just to construct the spillway channel.
To mitigate the cost of this excavation, all three remaining alternatives proposed to utilize
materials from the required excavation to raise the dam crest and downstream slope to provide
additional freeboard for flood routing, thereby also reducing the required width of the new
spillway channel.

For all of the three remaining alternatives, an optimization process was utilized to determine the
required width of the new spillway channel, vs. the quantity of materials available from the
channel excavation which could be used to raise the dam, vs. the height of the dam crest raise
thereby created. The results of this process were interesting. It was found that the dam crest
elevations obtained varied by only 2 ft, in 1-foot increments, from the no reservoir enlargement
scenario to the larger reservoir enlargement scenario, despite the 4-foot and 8-foot increases in
normal water line elevation for the two proposed enlargement scenarios. Required spillway crest
lengths / channel widths for the three scenarios differed greatly, however, from 125 ft for the no
enlargement scenario, to 185 ft for the smaller enlargement scenario, to 275 ft for the larger
enlargement scenario. The actual required volume of material to be removed from the spillway
excavation was only slightly greater for each of the enlargement scenarios in turn than for the no
enlargement scenario. That kept the estimated costs for all three alternatives fairly close to each
other.

All three scenarios described in the above paragraph considered that the existing outlet works
would require or should include modification. The two enlargement scenarios would necessitate
it. This also kept the costs comparable for the three alternatives. Considering the condition of
the outlet and its gate system, demolition and removal of the gate tower and the aging conduit
section upstream of the tower was prescribed, to be replaced by a new upstream intake structure
and trashrack, with a hydraulically-operated gate at that location, and a new reinforced concrete
conduit section from the new intake structure to the existing concrete-lined tunnel section. To
resist additional structural loading on the downstream conduit section resulting from the added
fill placed on the dam, the existing tunnel sections were considered to be lined with 21-inch steel
pipe, with the annular space grouted, and the steel conduit extended downstream an additional
115 ft and encased in concrete to reach the downstream toe of the enlarged embankment.
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The most notable difference between those three alternatives from a cost standpoint was that the
two enlargement scenarios would encounter environmental permitting costs potentially
associated with wetlands, threatened and endangered species, stream system depletions, cultural
resources, etc, that would not be incurred by the no enlargement scenario. For the purposes of
the evaluation, this extra cost was initially estimated at $300,000, but could vary considerably.
Considering those factors, the cost of the no-enlargement scenario was estimated at $2.9 million,
the cost of the 250 AF reservoir enlargement was estimated at $3.4 million, and the cost of the
550 AF reservoir enlargement was estimated at $3.7 million. However, as described above, this
must be compared to the cost of the no-action (dam breach) scenario, described as the baseline
cost, which was estimated at $1.2 million. Thus, the incremental cost of the three scenarios
became $1.7 million, $2.2 million, and $2.5 million, respectively.

Using the cost numbers obtained by the alternatives analysis, the costs were viewed in several
different ways. The cost per unit of reservoir storage capacity (vs. the base cost of dam
breaching) was calculated at $1,470/AF for the no reservoir enlargement scenario, $1,590/AF for
the smaller reservoir enlargement, and $1,440/AF for the larger reservoir enlargement. The
incremental unit cost to go from the no reservoir enlargement scenario to the smaller reservoir
enlargement was calculated at $2,172/AF, and from the smaller reservoir enlargement to the
larger reservoir enlargement at $737/AF. The overall incremental unit cost to go from the no
reservoir enlargement scenario to the larger reservoir enlargement scenario was calculated at
$1,389/AF. By any standard, it appeared that the lowest unit cost per unit of reservoir storage
capacity would be realized with the larger reservoir enlargement.
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7.1  OVERALL WATER AVAILABILITY

All waters appropriated from the La Plata River system in Colorado are subject to the La Plata
River Compact with New Mexico. A copy of the compact is included in Appendix E. This
compact, which was agreed to by the involved states in 1923 and approved by the United States
Congress in 1925, determines the distribution of flows on the river between the states and
effectively limits what can be appropriated by water users at most times of the year. The
conditions of the compact state that: (1) between December 1 of each year and February 15 of
the succeeding year, both states have unrestricted use of the river and its flows within the state's
boundaries; (2) on days when the mean daily flow measured at a gaging station located on the
river at the state line is greater than 100 cfs, both states shall have unrestricted use of the river
and its flows within the state's boundaries; and (3) between February 15 and December 1 of each
year, Colorado shall deliver to the state line station a quantity of water equivalent to one-half of
the mean flow from the previous day, as measured at a gaging station established on the river
near the town of Hesperus, not to exceed 100 cfs.

Except during periods of highest natural flow, the compact is typically administered by shorting
decreed diversions on the river system in Colorado in order to deliver the compact-required
flows to New Mexico. Meeting the delivery requirements of the compact is made more difficult
and less efficient by the fact that the reach of the river near the town of Breen, upstream of
RMR&DC's diversion structure, is a losing reach, typically losing 20 to 40 cfs or more to
evapotranspiration , due to excessive phreatophyte growth along that reach of the river. During
the summer months, adequate river flows are typically unavailable to overcome the losses,
resulting in a futile compact call and a split river condition.

The newly-constructed Long Hollow Dam and Reservoir located on a tributary of the La Plata
River a few miles upstream of the state line gage is intended to relieve some of the compact
administration issues on the river which have existed for years, using exchanges to make water
for irrigation more readily available upstream during the time of the year when compact
deliveries to New Mexico are required.

7.2 RMR&DC WATER RIGHTS
The RMR&DC holds the following water rights associated with Red Mesa Reservoir:

e An absolute storage right for 1,176 AF of water in Red Mesa Reservoir.

e A conditional storage right for an additional 2,898 AF of water in an enlarged Red Mesa
Reservoir.

e Avrright to divert up to 120 cfs from the La Plata River into the Supply Ditch, for storage in
Red Mesa Reservoir.

o Arefill right for Red Mesa Reservoir, in the total amount of 4,074 AF, of which 656 AF is
absolute and 3,418 AF is conditional.

As described in the original court decree, included in Appendix F, the diversion right and storage
rights were assigned a historic appropriation date prior to April 30, 1905, and a decreed date of
August 16, 1912, for irrigation, domestic, municipal, industrial, recreation, fish and wildlife,
flood control and other beneficial purposes. For purposes of administration of the La Plata River
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system, the first fill storage rights, both absolute and conditional, were awarded Reservoir
Priority No. 1965-1, and the diversion right of the Supply Ditch was awarded Priority No. 1965-
2. Included within the sources of water identified to fill Red Mesa Reservoir were flows in Hay
Gulch.

The refill right was established in 2003 and amended in 2004, at the time when enlargement of
Red Mesa Reservoir under the sponsorship of the La Plata Water Conservancy District, for
compact administration purposes, was under consideration. The refill right was amended again
in 2011 to establish the absolute and conditional portions of the storage right as listed above.

All of the conditional water rights owned by the RMR&DC are current with the water court,
having met the test of due diligence, through August of 2018 for the first fill conditional right
and through April of 2017 for the refill conditional right.

The proposed enlargement of the reservoir capacity by 550 AF, to a total of 1,726 AF, would
result in only a partial utilization of the RMR&DC's existing conditional storage right of 2,898
AF. As discussed above, the decision to pursue enlargement was largely a result of the need to
help offset some of the cost of the required spillway construction and needed outlet works
improvements, which is substantial regardless of whether reservoir enlargement is included as
part of the improvements. While the need for dam safety improvements is driving the project
forward, RMR&DC feels that opportunity to utilize at least a portion of their long-held
conditional storage rights is better than no increased storage capacity at significant cost.

7.3  PROPOSED WATER USAGE

The proposed use of the water to be held in an enlarged reservoir is still somewhat uncertain, as
the RMR&DC would, if possible, market that water to other users in the basin to help offset the
cost of construction. To that end, the waters stored in the reservoir are not limited by the decrees
to just irrigation usage, but are also available for other uses, including municipal, industrial,
domestic, augmentation, wildlife enhancement, compact administration, etc. To date, however,
alternative uses of the water which would provide needed income to the Company, or partners to
share in costs of construction, have not been identified.

For the purposes of evaluating the demands for and uses of an enlarged reservoir, the additional
storage was assumed to be used entirely for irrigation on existing project lands, since the demand
clearly exists for that purpose. All of the increased storage could easily be used to improve
yields on lands currently served by the reservoir by sustaining irrigation supplies later into the
growing season. Where existing water supplies are generally sufficient to allow up to 1.5 full
cuttings of alfalfa hay in a good year, RMR&DC believes that an additional 550 AF of stored
water in Red Mesa Reservoir could bring up to 2 full cuttings in a good year.

7.4 WATER AVAILABILITY ANALYSIS

To evaluate the availability of water for storage in the enlarged reservoir, URS contracted with
Hertzman Consulting of Durango, to perform modeling of the reservoir operation and water
distribution to project lands, using the recently developed La Plata River Basin Operational
Model. The La Plata model was developed by Hertzman, in cooperation with Bikis Water
Consultants, for the LPWCD, using funding from the CWCB and the Colorado Water Resources
& Power Development Authority, to serve as a predictive and operational tool for the La Plata
River basin with the new Long Hollow Reservoir in operation. As described by Hertzman
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(2014), the model was developed from the Colorado Decision Support System (CDSS) San Juan
River Basin operational model, honing in on the features specific to the La Plata River basin by
including enhancements particular to the La Plata basin in a much more rigorous manner than
had previously been attempted in the San Juan River Basin model. The model uses actual
streamflow data for a period of record, and applies all of the rules of river operation, diversion
and usage imposed by the priority system and by the La Plata River Compact, to simulate the
operation of the river basin over that period of record, including the type and timing of storage
and usage of the water diverted from the river. The model is fully calibrated to actual diversion,
storage and usage records. It is considered to be the state of the art tool for modeling the
operation of the La Plata River Basin.

The Red Mesa Reservoir Enlargement Operational Modeling Study developed by Hertzman for
this Feasibility Study, included as Appendix G, utilized a 35-year period of record (October 1974
through September 2009) and evaluated water availability and usage for three different
scenarios, to reflect the three possibilities considered for construction: (1) no enlargement of the
reservoir (i.e., current configuration), as a baseline condition; (2) 250 AF enlargement of the
reservoir; and (3) 550 AF enlargement of the reservoir. Of primary interest from the study were
the predictions of water availability, both legally and physically, to fill the enlarged reservoir; the
pattern of water releases and usage from the enlarged reservoir; the evaluation of inlet ditch
adequacy to divert available river flows; and the prediction of evaporative losses from each of
the potential enlargement scenarios.

The results of the modeling study are enlightening. For either the 250 AF or the 550 AF
reservoir enlargement, the model predicts that sufficient water is available to completely fill the
reservoir in 13 of the 35 years modeled, with at least some of the added capacity, but less than
250 AF, filled in an additional 5 years. This is shown in Figure 7-1 below, reproduced from the
Hertzman modeling study. Hertzman states, however, that because the model tends to
overestimate somewhat the demand of the downstream ditches which are supplied by the
reservoir, annual reservoir carryover storage would likely be greater than predicted, and the
actual storage volumes reached by the reservoir in those years following, when the reservoir only
partially fills, will likely be on the order of 100 to 200 AF higher than calculated and shown on
Figure 7-1. Also notable from Figure 7-1 is that the existing reservoir does not perform much
better than either enlargement, failing to fill in 14 of the 35 years included in the analysis. In
other words, dry years are not that uncommon, and, when they occur, generally result in
insufficient water to fill the reservoir, whether enlarged or not.
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Figure 7-1: Predicted End-of-Month Storage in Red Mesa Reservoir

It should be noted that, for the purposes of filling the reservoir, the model operates on an
optimized basis; in other words, if flows on either Hay Gulch or the La Plata River were both
physically and legally available for diversion/storage at any time, and room was available to
store them in the reservoir, the model assumes that they actually would be diverted/stored. Also,
the existence of the new Long Hollow Reservoir and the benefits which it is intended to provide
to enhance water availability through releases to satisfy compact calls is included in the
operational model.

Predicted annual diversion into storage in Red Mesa Reservoir is shown in Appendix B2 of the
modeling study and is reproduced in this report as Table 7-1. This assumes that the reservoir is
fully drained, or nearly so, every year, and so closely reflects actual annual water availability on
the system. For the 35 years of record evaluated, the average annual diversion into storage is
989 AF for the existing reservoir (1,176 AF capacity), 1,099 AF for the smaller 250 AF reservoir
enlargement (1,426 AF total capacity), and 1,210 AF for the larger 550 AF reservoir
enlargement (1,726 AF total capacity). The declining availability of water to fill the
enlargements is illustrated by the two right columns of Table 7-1, which show that, for each
enlargement scenario, less than half of the water needed to fill the enlarged pool is available on
average. For the 250 AF reservoir enlargement, the average amount of water available is
approximately 110 AF (44% of the enlargement volume), and for the 550 AF reservoir
enlargement, the average amount of water available is 221 AF (40% of the enlargement volume).
Again, however, the model tends to over-predict crop demand and usage somewhat, so annual
reservoir drawdown is likely over-estimated as well, making the prediction of sufficient water
available to reach full reservoir conditions conservative.
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Table 7-1: Predicted Annual Diversion into Storage in Red Mesa Reservoir

Admin

Year

Predicted Diversion into Storage (AF)

No
Action

250 AF
Reservoir
Enlargement

500 AF
Reservoir
Enlargement

Increase from no-action case (AF)
250 AF
Reservoir
Enlargement

Reservoir
Enlargement

1975 1,275 1,320.8 1,320.8 45.8 45.8
1976 533.3 533 533 -0.3 -0.3
1977 105.4 105.4 105.4 0 0
1978 176.9 176.9 176.9 0 0
1979 906.4 906.4 906.4 0 0
1980 1,397.8 1,649.8 1,679.7 252 281.9
1981 875.2 875.2 875 0 -0.2
1982 1,232.7 1,240.2 1,240.4 7.5 7.7
1983 1,305.8 1,563.1 1,871.7 257.3 565.9
1984  1,154.3 1,398.5 1,696.1 244.2 541.8
1985 1,352.6 1,598.3 1,896.2 245.7 543.6
1986 1,155.9 1,400.2 1,695.4 244.3 539.5
1987 1,252.9 1,486 1,726 233.1 473.1
1988 1,156.9 1,396.8 1,689.9 239.9 533
1989 1,175.5 1,426.6 1,729.5 251.1 554
1990 111.7 112 112.1 0.3 0.4
1991 998.4 1,000 1,001.8 1.6 3.4
1992 1,150.1 1,150.2 1,150.4 0.1 0.3
1993 1,223 1,477.6 1,783.2 254.6 560.2
1994  1,157.8 1,170 1,170 12.2 12.2
1995 1,359 1,612.3 1,918.1 253.3 559.1
1996 782.2 782.3 782.4 0.1 0.2
1997 1,907.2 2162 2,469.9 254.8 562.7
1998 815.8 1,051.6 1,338.8 235.8 523
1999 1,194.9 1,197.2 1,198.7 2.3 3.8
2000 403.5 403.7 404 0.2 0.5
2001 1,192.7 1,230.1 1,230.1 37.4 37.4
2002 40.8 40.8 40.9 0 0.1
2003 589.7 589.7 589.8 0 0.1
2004  1,186.7 1,225 1,225 38.3 38.3
2005 1,195.2 1,449.3 1,756 254.1 560.8
2006 1,073.5 1,074.3 1,075.5 0.8 2
2007 1,334.6 1,558 1,558.8 223.4 224.2
2008 1,195.1 1,448.1 1,753.7 253 558.6
2009 639.5 640.5 641.5 1 2
Average 988.8 1,098.6 1,209.8 109.8 221.0

An additional aspect of the water supply situation which was considered by the operational
model for Red Mesa Reservoir is the need for the Supply Ditch to capture and deliver to the
reservoir the decreed maximum rate of diversion from the river of 120 cfs. Specifically, given
the vintage of the Supply Ditch and its era of construction dating back over 100 years, the
importance of the actual ditch hydraulic capacity being at or near its claimed capacity was of

interest.

A:COM M:DCS\PROJECTS\WTR\22244294_RED_MESA_FEASIBILITY_STUDY\SUB_00\6.0_DELIVERABLES\FEASIBILITY STUDY REPORT\RED MESA RESERVOIR ENLARGEMENT FEASIBILITY STUDY_REV1. DOCX\ZS-JUL-].G\\7-5



SECTIONSEVEN Water Rights

The operational model revealed that, even in the best water supply years, the maximum annual
rate of inflow during winter/spring filling of the reservoir from La Plata River diversions via the
Supply Ditch, for any of the reservoir sizing scenarios, did not exceed about 60 cfs, and was
typically substantially less. In only two cases among the 35 years of the simulation, both during
large, short-lived autumn rainfall/runoff events on the basin, did the potential need for the Supply
Ditch to carry its decreed capacity of 120 cfs appear. This information is shown graphically on
Figure 7-2 below, reproduced from Hertzman. Thus, the need for the ditch to maintain long-term
diversions at something approaching its capacity is not indicated. The full discussion and
calculated diversions are included in Section 3.4 and Appendix D, respectively, of the Hertzman
report.
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Figure 7-2: Predicted Daily Inflow from Supply Ditch, 1974-2009

To evaluate the actual effect the increased water supply obtained from the reservoir enlargements
would have on predicted water deliveries to the member ditches downstream of the reservoir, the
model distributed those additional flows to downstream users on the ditches according to the
number of reservoir shares owned on each ditch. Timing of the delivery was based on predicted
demand for irrigation water, given the availability of other flows diverted directly from the river
by the ditches, and the calculated needs of the crops planted on the lands irrigated. Calculated
demand is based on irrigation efficiencies, water transportation efficiencies, calculated
evapotranspiration of the typical crops, typical precipitation patterns on the cropped lands, and
other pertinent factors. For the purposes of this analysis, the model assumes that no additional
land or alternative crop types would be irrigated using the extra water from enlargement storage,
and therefore that the additional water would be used to extend the irrigation season on the
existing acreage.

The amount and timing of additional delivery of enlarged reservoir storage water to the member
ditches is covered in Section 3.3, Figures 6 to 9, and Appendix C of the Hertzman Report. The
figures are reproduced below as Figure 7-3 through 7-6. In all cases, the model indicates that the
additional water from the enlargement storage was used almost totally during the months of
June, July and August, which would serve to prolong the irrigation season at a time of the year
when direct flows divertible from the river by the member ditches are decreasing. As shown in
Figure 7-4 below, the Joseph Freed Ditch, by far the largest single user of water on the system,
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received the greatest proportion of the enlargement storage water, on average approximately 36
additional AF for each of June and July from the 250 AF reservoir enlargement, and
approximately twice that amount from the 550 AF reservoir enlargement.
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Figure 7-3: Predicted Average Monthly Increase in Total Diversion, Old Indian Ditch
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Figure 7-4: Predicted Average Monthly Increase in Total Diversion, Joseph Freed Ditch
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Figure 7-5: Predicted Average Monthly Increase in Total Diversion, Revival Ditch
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Figure 7-6: Predicted Average Monthly Increase in Total Diversion, Warren-Vosburgh
Ditch

It should be noted from Appendix C of the Hertzman Report that Red Mesa Reservoir provides a
relatively minor component of the total water available for irrigation on project lands in any
given year. Most of the water delivered by the three major ditches comes from direct diversions
from the river, although it should be remembered that almost one third of the total of about 1,600
acres irrigated by the ditches depends exclusively on direct flow diversions from the river (i.e.,
no reservoir water), and those direct flow diversions are included in the tables which show water
delivered by the ditches. For the reservoir capacity as it currently exists, the Joseph Freed Ditch
receives approximately 72% of the water released from the reservoir, but reservoir releases only
make up about 23.5% of the total water delivered by this ditch. Similarly, the Warren-Vosburgh
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receives about 19.2% of the reservoir releases, but this makes up only 17.3% of the total water
delivered by this ditch. The Revival Ditch receives about 7% of the reservoir releases, which
makes up about 8.1% of the total water delivered by the ditch. With either reservoir enlargement
in place, these numbers improve somewhat. For example, with the larger enlargement, the Freed
Ditch would receive an additional 156 AF per year, which increases the percentage of the total
which is obtained from reservoir releases to 27.3%. The other ditches would see similar
improvements.

While the improvements may seem small, the real value in increasing reservoir storage is in the
timing of water deliveries. Historically, available flows in the river drop off dramatically in June
and July, at the time of the year when irrigation water is most needed. Reservoir releases
compensate for this decrease in available river flows. This situation would be significantly
improved by the proposed increase in reservoir storage. For example, on the Freed Ditch, under
existing conditions, reservoir releases in June provide 51.2% of the total available water, and in
July provide 41.4%, as shown in Table 7-2 below. For the 550 AF enlargement of the reservoir,
again on the Freed, reservoir releases would make up 54.1% of the total in June and 55.1% of the
total in July. Similar improvements would be experienced by the other ditches.
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No action scenario
Month Adjudicated From From
Exchange Storage
November 0.06 1.52 81.15
December 49.37 0.00 0.00 49.37
January 36.24 0.00 0.00 36.24
February 32.07 0.00 0.00 32.07
March 80.37 0.00 0.00 80.37
April 343.20 0.00 0.00 343.20
May 604.38 161.06 0.00 765.44
June 393.98 149.65 571.46 1,115.09
July 107.63 27.72 95.82 231.17
August 42.33 5.68 0.77 48.78
September 50.51 4.59 11.21 66.31
October 85.34 2.94 14.51 102.79

250 AF scenario

Adjudicated From From Increase
Exchange Storage from No-
action

November 79.61 0.06 1.52 81.19 0.04
December 49.37 0.00 0.00 49.37 0.00
January 36.24 0.00 0.00 36.24 0.00
February 32.07 0.00 0.00 32.07 0.00
March 80.37 0.00 0.00 80.37 0.00
April 343.25 0.00 0.00  343.25 0.05
May 604.39 161.47 0.00  765.86 0.42
June 394.29 150.32 607.02 1,151.63 36.54
July 108.35 27.35 130.79  266.49 35.32
August 42.43 5.62 5.53 53.58 4.80
September 50.61 4.52 11.19 66.32 0.01
October 85.43 2.92 14.50 102.85 0.06

550 AF scenario

Adjudicated From From Increase
Exchange Storage from No-
action

November 79.63 0.06 1.52 81.21 0.06
December 49.38 0.00 0.00 49.38 0.01
January 36.24 0.00 0.00 36.24 0.00
February 32.07 0.00 0.00 32.07 0.00
March 80.38 0.00 0.00 80.38 0.01
April 343.34 0.00 0.00 343.34 0.14
May 604.44 162.01 0.00 766.45 1.01
June 394.53 150.83 642.28 1,187.64 72.55
July 108.93 26.94 166.49 302.36 71.19
August 42.57 5.52 11.42 59.51 10.73
September 50.71 4.43 11.17 66.31 0.00
October 85.53 2.90 14.50 102.93 0.14

Table 7-2: Water Distribution to the Joseph Freed Ditch (all units are in AF)
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7.5  WATER SUPPLY DEMANDS

Historically, water availability on the La Plata River drainage has been such that the demand
from all uses and potential uses far outstrips the supply. Appendix I of the SWSI, which was
undertaken by the CWCB in 2010, evaluated agricultural water demands vs. supplies for the 10-
year period from 1997 through 2006, and concluded that the La Plata River basin (Water District
33) has the greatest water shortage between irrigation water requirement and supply-limited
consumptive use among all basins within the San Juan River drainage system which have an
annual irrigation water requirement in excess of 10,000 AF. In fact, the annual agricultural
demand is equal to approximately three times the available supply. This is illustrated by Figures
7-7 and 7-8, taken from Appendix | of SWSI.
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Figure 7-7: SWSI Appendix I, Figure 14: San Juan Water District 33 Agricultural Demand
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Figure 7-8: SWSI Appendix I, Figure 24: San Juan 10-Year Average Agricultural Demand

The extreme shortage of available water to meet the agricultural demand on the La Plata River
basin will not change whether enlargement of Red Mesa Reservoir is attempted or not.
Enlargement will help satisfy a portion of the demand, however. On the other hand, failure to
construct at least the required dam safety improvements to Red Mesa Dam will likely make the
water deficit issue in the La Plata basin considerably worse, because of the possibility of a zero
storage restriction or a breach order, resulting in the complete loss of useful reservoir storage on
the basin.

The federal ALP was originally envisioned to provide irrigation water, through trans-basin
diversions, to the La Plata River basin in an amount sufficient to satisfy the full irrigation
demand of the basin. Studies performed by the USBR to support the original ALP determined
that 2920 potentially irrigable acres could be served by the Freed, Vossburgh and Revival
Ditches alone. The removal of the trans-basin irrigation water component from ALP, however,
left the La Plata Basin with only in-basin sources of water for irrigation, essentially unimproved
from historic conditions. This allows irrigation of about half of the potentially irrigable acreage
served by the three ditches, and provides less than a full supply to those acres which actually are
irrigated.

An enlarged Red Mesa Reservoir could be used to provide additional irrigation water to the
basin, but could also be used to provide domestic water, augmentation water for wells drilled
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within the basin, exchange water for upstream diversions, waters for environmental enhancement
or compact administration, or other uses not yet identified.

As described above, the additional water stored in an enlarged reservoir, if used for irrigation,
would not likely be used to irrigate additional acreage within the distribution area, but would be
useful for lengthening the irrigation season on currently irrigated lands. Harris (1995) developed
estimates of irrigation water demand based on the USBR's ALP Definite Plan Report, which
made a thorough study of weather data to estimate crop consumptive use on the basin. The
Definite Plan Report estimated annual consumptive use at 1.97 AF of water per acre. Harris then
applied a conveyance and application efficiency to the consumptive use values to determine the
overall irrigation water requirement for a full water supply. Using a delivery efficiency of 40%
for gravity irrigation and 70% for sprinkler irrigation, applied to the 500 acres and 640 acres,
respectively, served at that time by each irrigation method, he calculated a total yearly irrigation
water demand of 3.74 AF/acre, or 4,264 AF required to fully service the 1,140 acres irrigated by
reservoir water. Given that the area of land irrigated by sprinklers has increased to about 750
acres since the Harris report, the overall delivery efficiency has also increased somewhat, from
the 56.8% calculated by Harris, to 59.7%. This would require 3,762 AF per year to fully serve
the 1,140 acres irrigated by reservoir water.

By comparison, in discussions with NRCS District Conservationist Sterling Moss in Durango in
December of 2015, he indicated that approximately 28 inches (2.33 ft) of water per year is
required in the Red Mesa area to produce a full crop of alfalfa hay, which would amount to 3
cuttings per year. This is somewhat greater than the consumptive use calculated by the USBR.
Using the current blended irrigation efficiency of 59.7% shown above, this would require 4,450
AF per year to fully irrigate the 1,140 acres served by the reservoir.

Finally, the Hertzman model for RMR&DC calculates irrigation water demand on the project
lands served by the ditches using the State Consumptive Use (State CU) model, which considers
acreage of irrigated lands, crop type, elevation, and other similar factors. The output from the
model shows that, for either enlargement, all of the increased storage in the reservoir is utilized
essentially every year to meet the irrigation water demand. While the full demand is not
explicitly shown in the report, it is clearly greater than the supply provided by the either
enlargement.

Water demand for domestic and other purposes is more difficult to estimate because of the
various ways in which the water could be used, and because the different markets which could
exist have not been researched or pursued. As has been proposed in the past, any additional
water stored could potentially be used for plans of augmentation for domestic wells, exchange
water for upstream diversions to central water systems or other irrigators, and direct diversion
from the reservoir to a central domestic water system. New domestic water wells permitted in
the La Plata basin, for properties less than 35 acres in size, currently require augmentation to
prevent impacts to the river flows; some of the existing shares of reservoir water are owned for
that purpose. Many residents of the area do not have domestic wells, but haul water from the
local Marvel Spring to fill cisterns. This is not a desirable situation, as the supply of the Marvel
spring appears to be declining in recent years. The ready availability of augmentation water
could potentially help alleviate that problem.
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8.1 ANALYSIS OF ALTERNATIVES

8.1.1 Outputs/ Yields

Since the only currently-identified firm use for the additional water generated by reservoir
enlargement is for enhanced agricultural production on currently irrigated lands, this study
assumes that the value of the additional water can be taken as the dollar value of the improved
crop production created. As discussed above, enlargement of the reservoir storage capacity by
250 AF results in an increase in the average annual water supply of 110 AF, and enlargement by
550 AF results in an average annual increase of 221 AF. For a blended water application
efficiency of 59.7%, as discussed above, this would provide an additional 66 AF per year
available to crops for the smaller reservoir enlargement, and an additional 132 AF per year for
the larger enlargement. Assuming that the entire irrigated acreage of 1,140 acres is planted in
alfalfa, generally the highest value crop, the smaller reservoir enlargement would provide an
additional 0.7 inches of water to each acre per year, while the larger enlargement would provide
an additional 1.4 inches of water. Relating that to the annual full water demand for alfalfa in this
area of 28 inches per year, the smaller enlargement would, on average, provide an additional
2.5% of the full water supply, while the larger enlargement would provide an additional 5.0%.

In terms of crop value produced, a full water supply of 28 inches per acre per year would be
expected to produce 3 cuttings of alfalfa hay per year, at an annual rate of production of about 5
tons/acre, as discussed in Section 5. Assuming that all three cuttings require the same amount of
water, then each cutting would require one-third of the full supply. The currently available water
supply is only capable of producing, on average, about 1.5 cuttings per year, so only one half of
the second cutting is realized. A full second cutting of alfalfa generally yields approximately 1.5
tons/acre, and, because a water supply enhanced by either enlargement proposed would only be
sufficient to improve second cutting yield, that is the rate of production which could be expected
by application of the additional water. At a 2015 market value of $200/ton, a full water supply
would produce about $1,000/acre/year. The second cutting alone, if fully realized, would be
worth $300/acre. Therefore, the maximum value of the additional water supplied on average by
the smaller reservoir enlargement would be the percentage of the full water supply provided by
that enlargement, divided by one-third (to get the percentage of improved water supply for that
one cutting), and multiplied by the value of that cutting, or (0.025)($300)/(1/3) =
$22.50/acre/year. Similarly, the maximum value of the additional water supplied on average by
the larger reservoir enlargement would be (0.050)($300)/(1/3) = $45/acre/year. For the 1,140
acres irrigated, that works out to $25,650/year increased production for the smaller reservoir
enlargement, and $51,300/year increased production for the larger reservoir enlargement.
Expressed per AF of additional water available annually for storage, on average, either
enlargement alternative returns about $230 per year per additional AF of reservoir storage.

Using the same logic as applied above, the value of maintaining the existing reservoir in its
current configuration vs. the loss of the reservoir by dam breaching can be calculated. The water
supply study indicates that the current reservoir is able to store, on average, 989 AF per year. If
all of that water is sent downstream every year to irrigators, the existing system efficiencies
would allow 59.7% of it, or 590 AF to actually be applied to crops. For the 1,140 acres irrigated,
this amounts to 6.2 inches of water, or 22.2% of the annual full water crop demand. Since
reservoir water is currently used to provide a second cutting of hay, the lost revenue would

A:COM M:DCS\PROJECTS\WTR\22244294_RED_MESA_FEASIBILITY_STUDY\SUB_00\6.0_DELIVERABLES\FEASIBILITY STUDY REPORT\RED MESA RESERVOIR ENLARGEMENT FEASIBILITY STUDY_REV1. DOCX\ZS-JUL-].G\\S- l
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amount to the value of that cutting, or $300/acre. So, as above, the value of that lost production
would be (0.222)($300)/(1/3) = $200/acre/year, or $228,000/year for the entire 1,140 acres
irrigated. As above, the production value of that water per AF is about $230/year per AF of
reservoir storage.

8.1.2 Cost Factors

As discussed above, URS performed an analysis of potential alternatives in 2013, which revealed
that the most cost-effective alternative among those analyzed, based on cost per AF of reservoir
storage capacity, appeared to be the enlargement of the reservoir by about 550 AF. The cost for
design and construction of that alternative, including the cost of necessary land acquisition, was
preliminarily estimated at that time to be $3.7 million, which was only about $220,000 more
expensive than the estimated cost of the smaller reservoir enlargement of 250 AF, and about
$760,000 more expensive than the estimated cost of the no-enlargement scenario. As related
above, all costs must be compared to the cost of the "no-action™ alternative, estimated at nearly
$1.2 million, which is the cost to breach the dam and eliminate reservoir storage altogether, a
potential regulatory requirement if a compliant spillway is not constructed. Among the three
alternatives which maintain or improve reservoir storage, operation and maintenance costs
should be essentially identical, and so those were not explicitly considered for each alternative.
Current O&M costs for the existing reservoir average approximately $8,000 per year.

The water availability analysis described above in Section 7.4 conservatively estimates that, for
the 35 years of records used in the simulation, approximately 110 AF of water would be
available on average to fill the 250 AF enlargement, and 221 AF would be available on average
to fill the 550 AF enlargement. It should be noted that the water availability analysis also shows
that, for the period of the simulation, the average annual predicted diversion into storage for the
existing reservoir is about 989 AF, somewhat less than the reservoir capacity of 1,176 AF, the
deficit due primarily to the effect of those years that are water deficient rather than to annual
holdover storage, as the analysis largely predicts full reservoir drawdown every year.

Given the outcome of the water availability analysis, there are several ways in which to view the
cost effectiveness of the various options. These are illustrated on Table 8-1, using the 2013
estimated costs for each of the alternatives considered. The "no-action™ alternative is the dam
breach option, shown in row 1 of the table, which involves an estimated cost of nearly $1.2
million and results in the complete loss of the reservoir storage, making it the least desirable
alternative. The “no action” alternative is considered the baseline level of action. Row 2 of the
table is for the option of required improvements to the dam without any measure of reservoir
enlargement, while rows 3 and 4 are for required improvements plus enlargement of the
reservoir, by 250 AF and 550 AF, respectively.
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Table 8-1: 2013 Cost per AF of Storage

; @) ©)
(1) Alternative Coﬁiz[izltzgitegost (3) Cost Above R(’il;:/tjilr (SA)\\'/A\a;fz:tjze é?s;rlo fll: ” T;J i‘::COSt Incremental  Incremental
(2013) No Action Storage, AF Water, AF Storage Available iiztg;F 2:25;3 :
No Action (breach) | $ 1,173,000 - - - - - - -
Repair w/o Enlargement| $ 2,900,000 | $1,727,000 1,176 989|% 2466|% 2932|$ 1469|% 1,746
250 AF Enlargement | $ 3,443,000 | $2,270,000 1,426 10991$ 24141% 3,133|$ 1592|$ 2,066
550 AF Enlargement | $ 3,664,000 [ $2,491,000 1,726 12101 $ 2,123|$ 3,028|$% 1443|3$ 2,059

Notes:

Col. (5) is average annual supply from water availability study

Col. (6) = Col. (2) / Col. (4)
Col. (7) = Col. (2) / Col. (5)
Col. (8) = Col. (3) / Col. (4)
Col. (9) = Col. (3) / Col. (5)

AZCOM
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As can be seen from Column (6) of the table, the lowest cost option, in terms of total cost of the
project per unit of reservoir storage volume, is the 550 AF enlargement option. However, if the
total cost per unit of available water is calculated (Col. (7)), the lowest cost option becomes
simply performing the required upgrades to the dam without any enlargement. In terms of the
cost above the baseline cost of breaching the dam, and considering the total storage capacity of
the reservoir, the lowest unit cost alternative, by a small margin, is again the 550 AF enlargement
(Col. (8)). However, as shown by Col. (9), if the unit of yield is the average amount of water
calculated to be available in any given year, then the lowest unit incremental cost above the
baseline cost is for the repair option with no enlargement. It should also be noted that in no case
did the smaller 250 AF enlargement present any cost advantages over the other alternatives.

Based on the evaluation of relative costs shown on Table 8-1, RMR&DC concluded that the
most desirable alternative would be to pursue the enlargement of the reservoir by 550 AF, and
that is the selected alternative evaluated by this feasibility study. During the process of
developing a more refined conceptual design for this study, required material quantities and
anticipated costs were re-evaluated. This resulted in an upward revision of some material
quantities and revised costs based on more current construction pricing and a refined design.
The current engineer's opinion of construction cost was consequently increased from the
previous 2013 estimate of $3.7 million, to $5.1 million. This is believed to present a more
accurate representation of actual anticipated costs based on the current construction environment
and revised design details. The revised cost estimate is discussed in more detail in Section 8.3
and is shown on Table 8-4.

Table 8-2 was created to reflect the revised cost estimate. Since the purpose of the table is to
compare the relative cost of the various alternatives, minus the 250 AF enlargement (which was
shown by Table 8-1 to not be cost competitive), an updated estimate of the construction cost for
the other two comparative scenarios was also needed. A re-evaluation of the estimated cost of
the no enlargement scenario derived an estimated total project cost of $4.5 million,
approximately $1.6 million higher than was previously estimated, and approximately $600,000
less than the currently estimated cost of the 550 AF enlargement scenario. Note that this places
the estimated costs of the two alternatives closer together than the $760,000 spread previously
estimated. A review of the types of costs associated with the breaching of the dam scenario
indicated that its previously-estimated cost of approximately $1.2 million was not likely to
change, and so that figure was utilized in Table 8-2.
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Table 8-2: 2016 Cost per AF of Storage

. ®) ©)
(2) Bstimated (3) Cost (4) Total  (5) Awrage (6) Total (7) Total incremental  Incremental

(1) Alternative Construction Above No Reserwir Available Cost/ AF Cost/ AF
. . Cost/ AF Cost/ AF
Cost (2016) Action Storage, AF  Water, AF Storage Available .
Storage Available

No Action (breach) | $ 1,173,000 - - - - -

Repair w/o Enlargement| $ 4,500,000 | $ 3,327,000 1,176 9891 % 38271 % 45501 $ 28291 9% 3,364
550 AF Enlargement | $ 5,100,000 | $ 3,927,000 1,726 12101 $ 2955 | $ 4215| $ 22751 % 3,245
Notes:

Col. (5) is average annual supply fromwater availability study
Col. (6) =Col. (2) / Col. (4)
Col. (7) =Col. (2) / Col. (5)
Col. (8) =Col. (3)/ Col. (4)
Col. (9) =Col. (3)/ Col. (5)
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Examination of Table 8-2 reveals that, as dictated by the increase in estimated total costs for both
of the non-breach scenarios, the costs both per AF of storage and per AF of available water are
higher than previously estimated. What has changed, however, is that the enlargement scenario
now appears to be more cost effective on a per AF basis for all comparisons, whether on a total
storage capacity basis or an available water basis, and also whether for total construction cost or
for incremental cost above the breach scenario. As shown on row 3 of Table 8-2, the estimated
unit costs for construction of the 550 AF reservoir enlargement vary from a low of about
$2,300/AF storage capacity for the incremental cost above the breach cost, to a high of about
$4,200/AF available water for the total cost of the construction.

8.1.3 Impacts

The impacts, both to the man-made environment and the natural environment, vary significantly
between the alternatives.

Breaching of the dam to eliminate dam safety concerns, considered to be the least desirable
alternative, would also have the greatest impact on both the natural and man-made environment.
It would result in the complete loss of the reservoir, denying the water users a source of irrigation
water on which they depend for extended crop production in the driest and hottest months of the
year, and making them totally dependent on direct flow diversions from the La Plata River.
Since the average annual amount of water available to fill the existing reservoir was estimated to
be 989 AF, that amount of water would be removed from the irrigation system. This amounts to
approximately 25% of the full water delivery to lands currently irrigated by the reservoir, likely
limiting all hay production to one cutting per year, even in the best of years. Income from the
acreage currently irrigated by the reservoir would be reduced by about one-third, or up to about
$200/acre annually. This would affect all of the 48 shareholders on the system, and would have
the potential for negatively impacting the entire economy of southwestern La Plata County, as
the area is heavily agriculture-dependent. The five shareholders which currently utilize their
shares for well augmentation water would lose that source of augmentation altogether.

Breaching of the dam would require returning the channel of Hay Gulch to a stable hydraulic
configuration to eliminate the possibility of transporting sediments accumulated in the reservoir
bottom downstream, and would require the removal of most of the dam embankment, which
would need to be disposed of somewhere. The significant amount of earthwork required and the
need for full restoration of the channel to a stable, non-eroding configuration through the existing
reservoir bottom area result in the substantial cost of this alternative.

In terms of the altered water regime on the river, the breaching of the dam and subsequent loss of
the reservoir would provide little benefit to the natural flow environment. Given the relatively
junior water rights of the reservoir within the basin, filling is usually only possible during the
relatively short period of the year when compact delivery requirements to New Mexico are not in
place, or when flows are large enough to be divertible to storage. Therefore, flows which are
currently divertible to storage would simply go down the river to New Mexico, above compact
requirements, and would be lost to Colorado. Additionally, the water supply for Long Hollow
Reservoir, which was built to create exchange opportunities for Colorado water users when the
compact is in effect, is partially dependent on return flows from lands irrigated by Red Mesa
Reservoir. Loss of those return flows would deplete to some extent the available water supply to
Long Hollow Reservoir, diminishing its value on the system.
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Construction of the required dam safety improvements at the dam, without reservoir
enlargement, presents the fewest impacts to both the man-made and natural environments.
Construction of an enlarged open channel spillway on the left abutment of the dam would require
acquisition of privately owned land in that area, as would the raising of the dam in a downstream
raise configuration. This amounts to approximately 4 acres, most of which is currently in native
grasses, sagebrush and juniper. Expansion of the embankment in the downstream direction
would require fill placement downstream of the existing toe of the dam, which would impact an
existing willow thicket area at the toe which is supported by seepage from the reservoir. This
may require some form of wetlands replacement as a condition of construction.

If the reservoir would not be enlarged, additional land acquisition for normal pool inundation in
the reservoir area would not be required, but the inclusion of a greater dam crest elevation to
provide freeboard for routing the IDF would require the acquisition of flood easements on
approximately 40 acres of private land upstream of the dam to accommodate the increase of
about 12 ft in the maximum flood pool elevation. No structures or improvements are currently
present within that area. As additional reservoir storage is not a component of this alternative,
depletion of river system flows and evaporative depletions from the reservoir would be
unchanged from current conditions, and so the natural environment would remain essentially
unaffected, except in those areas impacted directly by dam and spillway improvements.

The reservoir enlargement scenario would include the types of impacts described for the no-
enlargement scenario, plus additional impacts. Enlargement of the reservoir requires a wider
spillway channel, requiring additional land acquisition on the left abutment, and the reservoir
normal water line elevation would increase by 8 ft, placing more land upstream of the dam
within the normal water line storage pool. Because the dam crest elevation varies very little
between the no-enlargement and the enlargement alternatives, the affected land along the
downstream toe of the dam is essentially the same as for either alternative. Altogether, it was
estimated that the 550 AF reservoir enlargement would require purchase of about 20 acres of
land for spillway and dam construction and for reservoir storage. The land which would be
within the enlarged normal water line pool is currently mostly cultivated bottom land along Hay
Gulch, and is free of structural improvements. No historic or archaeological sites are known to
exist in the area.

For the reservoir enlargement, the area of land upstream of the dam which would require a flood
easement for the flood pool is actually somewhat less than for the no enlargement scenario. The
maximum flood pool elevation is only about 2 ft higher for the reservoir enlargement scenario
and amounts to about 30 acres which would require a flood easement. Again, no structural
improvements are present.

The cost to acquire land, either by purchase or for flood easement, was estimated from recent
sales in the area to be about $4,000/acre. This is discussed in further detail in the Spillway
Alternatives Analysis (URS 2013).

The reservoir enlargement scenario would involve increased depletions to the San Juan River
system and greater consumptive uses of water from the basin, because of the additional
diversions required to fill the enlarged reservoir, as described in the preceding sections. Where
the water availability modeling study shows that the current average amount of water diverted
annually from the river to fill Red Mesa Reservoir is 989 AF, the 550 AF reservoir enlargement
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would allow an additional average annual withdrawal of 221 AF, to an average annual total of
1,210 AF removed from the river.

Evaporation from the enlarged reservoir would be increased from the current reservoir
configuration, due to the increased reservoir surface area; net evaporation (evaporation minus
precipitation occurring directly on the reservoir water surface) was calculated by Hertzman as a
part of the water availability analysis, using projected water storage levels in the reservoir during
the 35 years of records modeled, monthly climate data, and average monthly precipitation data
for the reservoir area. The calculated net evaporation values are shown in Appendix F of the
Hertzman Report. The existing reservoir, when full, has a surface area of approximately 59
acres; this would increase to about 75 acres for the 8-foot enlargement. For the 550 AF
enlargement, average additional net evaporation was calculated to be 7.86 AF/year.

Hertzman's Appendix F indicates that the greatest additional evaporation beyond that for the
existing reservoir would be expected to occur during the months of May and June, reflecting a
transient full reservoir condition during a typically warm, dry period of the year before irrigation
drawdown commences in earnest. Since the Hertzman study also shows that diversions from the
river would, in most years, be curtailed before May, due to priority and compact limitations, no
further diversions would be taken to compensate for reservoir evaporation at the time of the year
when most evaporation occurs, and additional evaporative depletions to the river would
generally not occur after April. In other words, most of the additional evaporative depletions
which would result from reservoir enlargement would result only in the loss of water already in
storage in the reservoir rather than losses to the river, since the evaporative losses could not be
replaced by continuing diversions. Thus, actual additional evaporative losses to the river system
due to reservoir enlargement would be much smaller than those shown above. From the data in
Appendix F of Hertzman, annual pre-May additional net evaporative losses from the reservoir
were calculated to amount to only about 0.3 AF/year for the reservoir enlargement scenario.

Analogous to the manner in which reservoir removal would negatively impact Long Hollow
Reservoir, enlargement of Red Mesa Reservoir would likely create some incremental
improvement in water supply conditions for Long Hollow, as the amount of irrigation water
applied to lands tributary to Long Hollow would increase somewhat, providing increased return
flows into Long Hollow. This was evaluated by Hertzman, and is shown on Figure 12 of that
report.

Impacts to water quality in the area are not anticipated from the scenarios which retain or enlarge
the existing dam and reservoir. Potential impacts to aquatic wildlife and/or threatened and
endangered species in the project area resulting from dam modification or enlargement have not
been considered as a part of this feasibility study, and would need to be thoroughly evaluated
during the design phase prior to construction. Significant environmental permitting issues may
well be encountered for the reservoir enlargement scenario. For the purposes of including at
least some cost factor associated with environmental permitting, the 2013 Alternative Analysis
assumed that combined legal fees and environmental permitting for either of the two reservoir
enlargement scenarios considered at that time would cost approximately $300,000. This same
estimated cost has been included in the updated estimate for the 550 AF enlargement alternative
considered by this feasibility study. This is a very approximate estimate, and could vary greatly.
By contrast, for either the no enlargement or the dam breach alternative, the combined legal fees
and environmental permitting was estimated to cost $50,000. The feasibility studies prepared by
Harris (1995, 2001)and Wright (2003) to support past enlargement proposals of a much greater
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magnitude for Red Mesa Reservoir than covered here discussed the anticipated environmental
impacts for those reservoir enlargements in significant detail. Institutional issues associated with
environmental permitting are discussed in more detail below.

8.1.4 Economic Analysis and Feasibility

In order to compare the economic viability of the remaining alternatives, the currently estimated
cost for each alternative was divided by the estimated value returned per year to determine the
number of years required for benefits to exceed estimated costs. That information is shown in
Table 8-3. Note that the table considers the total dollar value of the increased production, as
derived in Subsection 8.1.1, and not the net profit available after the costs of increased
production are considered, and so the number of years required to recover costs is understated. It
is useful for comparison purposes, however. Also, Table 8-3 is based on predicted annual water
availability, and not on the total increased storage volume of the reservoir enlargement.

Since the dam breach alternative has no return associated with it and is simply a sunk cost. The
shortest cost recovery period calculated is for the reservoir enlargement alternative, at 14.1 years.
This is slightly better than the cost recovery period of 14.6 years for the no-enlargement
alternative. Consequently, the incremental cost recovery period to go from the no-enlargement
scenario to the enlargement scenario is less than the overall recovery period, at 11.7 years.
Whether this cost recovery period is acceptable or not is debatable, but the fact remains that no
other source of irrigation water exists within the basin which could be used to replace the water
stored in Red Mesa Reservoir, so there is nothing to compare it to.
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Table 8-3: Cost Recovery Period
@

Incremental
Cost
Recovery
Period, Years

No Action (breach) | $ 1,173,000 - - - - - -

. (6) (7) Cost
(2) Estimated (3) Cost  (4) Incremental  (5) Annual Incremental  Recovery

(1) Alternative Construction  Above No  Cost Above No  Returnon .
Annual Period,

Cost Action Enlargement Investment Return Years

Repair w/o Enlargement | $ 4,500,000 | $ 3,327,000 - $ 228,000 - 14.6 -
550 AF Enlargement | $ 5,100,000 | $ 3,927,000 | $ 600,000 $ 279,300| $ 51,300 14.1 11.7
Notes:

Col. (5) is the total annual value of crop production achieved by the total available reservoir water for that alternative
Col. (6) is the difference in the return from either enlargement vs. no enlargement

Col. (7) = Col. (3) / Col. (5)

Col. (8) = Col. (4) / Col. (6)
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The benefits of retaining the reservoir would accrue to all 1,138 shares and all 48 different
shareholders currently on the system. Reservoir enlargement, however, would not necessarily
benefit all shareholders, as 9 shares, held by 5 different shareholders, are currently used for well
augmentation water. That leaves 43 shareholders and 1,129 shares which would benefit from the
availability of additional water, and would theoretically share the incremental costs of the
reservoir enlargement.

8.1.5 Institutional Requirements

Any construction work involving the dam, and thus all of the alternatives considered, will require
the approval of plans and specifications to that effect from the Colorado Division of Water
Resources, Dam Safety Branch. The IDF which would be used for design of any required
modifications to the dam and spillway has already been evaluated and approved by the State
Engineer, as described in Subsection 6.4.

Modification of the dam and spillway to successfully pass the IDF, whether as a part of reservoir
enlargement or not, will require the establishment of a higher flood pool inundation zone in the
reservoir area, and thus the acquisition of flood easements from private landowners on those
properties affected. Enlargement of the reservoir will require purchasing privately-owned land
within the confines of the new enlarged reservoir area. Construction of an enlarged spillway and
expansion of the existing dam in a downstream raise configuration will also require that
RMR&DC purchase privately-held land.

Geotechnical exploration of the left abutment area carried out as a part of this feasibility study
revealed the presence of an abandoned gas pipeline, currently owned by The Williams
Companies, Inc., within the proposed spillway area. Its status will need to be appropriately
documented by Williams prior to construction, and permission granted for its excavation and
removal.

The acquisition of additional water rights, through water court proceedings, to fill an enlarged
reservoir would not be required, as the RMR&DC holds conditional rights of the same priority as
the existing absolute rights sufficient to utilize either of the enlargement alternatives evaluated.
Expanded capacity of the reservoir would simply require that RMR&DC petition the water court
to make existing conditional rights, in the amount of the enlargement, absolute.

Any construction work involving the dam is also likely to require a permit from the U. S. Army
Corps of Engineers (USACE) under Section 404 of the Clean Water Act. The permit can assume
different forms for different types of work, with the type of permit required determined by the
USACE after visiting the site and evaluating the scope of the proposed work. It is likely that a
Nationwide Permit, the least involved form, would be considered sufficient for work to breach
the dam or to construct modifications to the dam which do not involve components of reservoir
enlargement, as existing wetlands areas which would be impacted are relatively minimal.
Delineation of wetland areas impacted would require retaining a wetland consultant to perform
the evaluation.

Reservoir enlargement would, however, require an individual 404 permit, triggering the
requirements of the NEPA, due to the increased depletions to the river system. It would also
require Section 7 consultation with the USFWS under the ESA to determine potential impacts to
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threatened or endangered species resulting from the additional depletions, and a biological
assessment to determine potential impacts to threatened or endangered species due to proposed
construction activities at the site. Potentially impacted threatened or endangered species include
the New Mexico meadows jumping mouse, yellow-billed cuckoo, southwestern willow
flycatcher, bald eagle, Colorado pike minnow and razorback sucker. Individual permits tend to
be expensive propositions, and can vary widely in cost, depending upon findings.

Previous plans to significantly enlarge the reservoir by the full amount of the RMR&DC's
conditional water rights, as discussed by Harris (1995, 2001) and Wright (2003), included
acquisition, in 1997, of a Section 404 permit for that proposed enlargement. In 2002,the permit
was extended for another 5 years, until 2007. The details of the process are described by Wright
(2003). Unfortunately, the permit was allowed to lapse after the proposal to enlarge Red Mesa
Reservoir was dropped by LPWCD in favor of constructing Long Hollow Reservoir, and is no
longer in effect. Thus, the process would need to be repeated in its entirety for the reservoir
enlargement alternative. However, the fact that a permit for similar, but higher impact project
was obtained in the fairly recent past would likely indicate that there are no insurmountable
environmental obstacles to the proposed project.

Cultural resource issues were not identified by any local, state, or federal jurisdiction during any
of the previous regulatory reviews and approvals for previous enlargement proposals, and so
would not be expected for any of the alternatives described herein.

No water quality issues are anticipated for any of the potential alternatives. It is anticipated that
a construction dewatering permit would be required by the Colorado Water Quality Control
Division prior to construction, as well as a fugitive dust permit from the Air Pollution Control
Division.

8.2 SELECTED ALTERNATIVE

Utilizing the estimated cost information from the 2013 Alternatives Analysis project, as
discussed above, RMR&DC decided to pursue the 550 AF reservoir enlargement as the selected
alternative. This decision was fortified by the updated cost estimates developed for this
feasibility study, which show that the lowest unit costs and shortest repayment period for the
money invested lie with the 550 AF reservoir enlargement, as opposed to dam improvements
with no reservoir enlargement component. The selected alternative also allows the RMR&DC to
utilize some of its existing conditional water rights to provide more storage water to the basin,
which is sorely needed. This is viewed as the only method by which additional water can be
acquired. Although even greater cost efficiencies would likely exist for further enlargement of
storage beyond the 550 AF proposed, the overall cost of greater enlargement would likely be
rather prohibitive and beyond reasonable expectation.

Conceptual level drawings for the selected alternative, to enlarge the reservoir by approximately
550 AF, to a normal water line elevation of 6,900.8 ft and total capacity of 1,726 AF, were
developed for this feasibility study and are provided as Appendix H.

8.2.1 Geotechnical Investigation

In order to identify existing subsurface conditions on the left abutment in the area of the
proposed new spillway construction and to verify that sufficient suitable material for
embankment enlargement was available from the required spillway excavation, a preliminary
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geotechnical investigation program was undertaken in December of 2014, as a component of this
feasibility study. Potential sources of impervious borrow material were also investigated within
the existing reservoir area. The Geotechnical Investigation Report developed from this work is
included with this Feasibility Study as Appendix I.

Twelve test pits were excavated in potential borrow area locations within the reservoir, and four
test holes were drilled on the left abutment area where the enlarged spillway would be located.
Appropriate samples were collected for preliminary laboratory evaluation of engineering
properties. Based on the results of the test pit excavations and laboratory testing, the clay
materials found within the reservoir area appear to be of sufficient quantity and suitable for use,
as necessary, for impervious fill in the enlarged embankment. The most favorable location for
the impervious fill borrow area appears to be approximately 1,500 to 2,500 ft upstream of the
existing dam, along the eastern perimeter of the reservoir and below the proposed raised normal
water line.

Observations of the drilling performed in the left abutment in the area of the proposed spillway
construction indicate the presence of dense, sandy gravel materials within the proposed
excavation that should be suitable as a borrow source for embankment shell material. Sandstone
bedrock was only encountered at depths of greater than 30 ft within the left abutment, indicating
that the spillway excavation will not be founded on bedrock and excavation should be able to be
completed using conventional equipment, including excavators and dozers. The presence of
sands and gravels within the left abutment area does present some concern for potential seepage
from an enlarged reservoir and for erosion potential along the floor of the new spillway channel.
These issues will need to be considered and addressed during final design. The embankment and
spillway design will largely depend on results of the erodibility, settlement, seepage, and stability
analyses that are typically performed during the design process.

8.2.2 Embankment Design

The enlargement involves raising the crest of the dam by 14 ft, to elevation 6,912.8 ft, using the
downstream enlargement method. A central impervious clay core would be used to tie into the
impervious portion of the existing embankment, with more granular material from the required
spillway excavation utilized in the outer shells of the enlargement. Crest width of the enlarged
embankment would be 25 ft, in accordance with SEO Rules. Upstream and downstream slopes
of the embankment would be 3.0:1 and 2.5:1, respectively, which are assumed to be stable
during steady-state loading conditions. The slopes may need to be revised during final design
based on actual steady-state slope stability analyses, and seismic and rapid drawdown transient
analyses. The embankment design includes a filter chimney drain and blanket drain assumed to
be compatible with the material used for the embankment raise, the foundation, and the existing
embankment. It is also assumed that the existing embankment is appropriately constructed to
accommodate the embankment raise; further investigation of the existing dam and the associated
structures would need to be undertaken to confirm this assumption.

Foundation preparation for the enlarged dam embankment is envisioned to include a 5-foot
excavation below grade beyond the toe of the existing dam to expose a suitable foundation for
the raised portion of the new dam. This excavated material would likely be wasted to the
reservoir or a designated fill area downstream of the raised dam. Excavation slopes were
assumed at 1.5H:1V from the existing surface. EXxisting internal drains would be evaluated as
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encountered and either incorporated into the drainage system of the enlarged structure or
properly abandoned.

Foundation treatment/grouting would be conducted as necessary, depending upon further design-
stage investigations and observations during construction. It is not clear at this time the extent or
form of the foundation treatment which might be required; it is considered possible that, at a
minimum, some form of grouting of the upper right abutment might be necessary to fill potential
joints and cracks in the sandstone/siltstone bedrock which would be exposed to reservoir water
for the first time by the reservoir enlargement. A line item amount has been included within the
cost estimate prepared to provide an allowance for this possibility, but the cost is unknown and
could be significantly in excess of that shown.

Embankment materials would be procured from the borrow areas described above, with Zone 1
low permeability clay fill derived from the reservoir area borrow source, and Zone 2 shell
material from the required spillway excavation. Any unused material from the spillway
excavation would be wasted to the reservoir area or to a designated fill area downstream of the
raised dam. The actual amount of material wasted would depend on the configuration of the
final design; the expected oversupply of material from the spillway excavation provides for
flexibility in terms of material selection for Zone 2 construction.

Processing, drying and stockpile areas would likely be required close to each of the borrow sites
and would likely be located within the reservoir basin near the relevant borrow site. The exact
size and location of these areas would be identified during final design; wetland/riparian areas
and other environmentally and culturally sensitive areas would be avoided.

It is envisioned that riprap, sands (including filter material) and aggregates would be imported
from an off-site source. Imported material could be obtained from one or more commercial
suppliers in the Durango, Cortez or Farmington, New Mexico, areas. Specific commercial
suppliers in the area were not identified as part of this investigation. Existing riprap on the
upstream slope of the dam was assumed to be of acceptable size and condition and would be tied
in with the new riprap associated with the raised dam embankment.

8.2.3 Spillway

As discussed above, the IDF for this project was derived as a part of the Incremental Damage
Analysis completed by URS in 2011, and was subsequently reviewed and approved for use by
the SEO. The IDF has a peak inflow of 26,133cfs, which is only minimally attenuated by
routing through the reservoir and modified spillway, due to the large flood volume in comparison
to the reservoir flood pool volume.

In order to more efficiently route the IDF through the reservoir, the raised dam crest will provide
12 ft of total freeboard between the spillway crest elevation and the dam crest, approximately
twice that provided by the existing dam. This helps limit the required spillway width. As
designed, the new spillway will have a trapezoidal shape with a bottom width of 275 ft and 3:1
side slopes, and will provide the required 1ft of residual freeboard to the dam crest at the peak
reservoir water elevation resulting from the IDF. Spillway sizing followed the methodology
used by the Alternatives Analysis, using an estimated broad-crested weir discharge coefficient of
approximately 2.6. The spillway is located on the left abutment, along the alignment of and to
the left of the existing spillway. Overall channel length is approximately 900 ft, with
approximately 500 ft of that length downstream of the crest section. The spillway is designed to
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discharge to a natural draw which returns to Hay Gulch well downstream of the dam toe. The
design requires that the existing spillway channel be filled with compacted earth materials during
construction to form a uniform channel floor, and that a small embankment section to form the
right side slope of the new channel be constructed along the right side of the spillway to fill in
the area where the existing spillway is located.

The spillway is designed as a broad-crested weir with no slope in the upstream approach section
and a 1% slope in the section downstream of the crest. A 2-foot-wide concrete cutoff wall /
broad-crested weir control section is included, aligned along an extension of the dam crest axis,
which will extend 3 ft below grade in all areas to reduce the likelihood of headcutting and will
also serve to cutoff the existing spillway channel. A low-flow notch would be incorporated into
the weir crest to allow minor nuisance flows to discharge down a pilot channel without utilizing
the main weir crest. The design includes a cast-in-place concrete gravity abutment wall at the
left end of the dam / right side of the spillway channel to define the right side of the channel and
protect the left end of the dam from spillway flows. The right side slope of the spillway channel
would be protected as necessary by a layer of riprap and bedding material.

8.2.4 Outlet Works

Modification of the existing outlet works is necessary both to accommodate the increased
embankment height and extended downstream dam toe. Because of the additional loading
placed on the existing concrete conduit through the dam by the raised fill section downstream of
the existing dam crest, strengthening of this component was considered necessary. The proposed
design calls for slip lining of the existing 2-foot wide by 4-foot high conduit/tunnel section with
a 21-inch diameter welded steel pipe, with the annular space between the steel lining and the
existing conduit fully filled with cement grout. The 21-inch liner pipe was sized to meet SEO
Rules that the outlet be capable of releasing the top 5 ft of reservoir storage within 5 days. The
structural adequacy of this arrangement to withstand embankment loadings would be fully
evaluated during final design.

The conduit would also need to be extended downstream of the existing end of the conduit to
reach beyond the toe of the raised embankment. This would be accomplished by use of 21-inch
welded steel pipe conduit fully encased in reinforced concrete. At the downstream end of the
new conduit, a USBR Type VI reinforced concrete impact-type stilling basin would be
constructed, with the outfall channel armored with rock riprap.

Raising of the reservoir normal water line elevation necessitates abandonment of the existing
outlet gate tower and operating system, which have essentially reached the end of their service
lives anyway. The existing tower, access bridge, gate and gate controls would be completely
removed, via excavation into the upstream slope to reach the existing conduit. With the open
excavation, the existing outlet intake structure and feed conduit to the tower would also be
removed, and replaced with concrete-encased 21-inch welded steel pipe. A new concrete intake
structure housing a hydraulically-operated 21-inch slide gate would be constructed at the
upstream end of the new conduit section. Stainless steel hydraulic lines encased in reinforced
concrete would carry hydraulic fluid to a new manual power unit housed in a reinforced concrete
vault on the crest of the dam. A 6-inch diameter steel air vent pipe would also be included
within the reinforced concrete used to carry the hydraulic lines to the crest. A new steel
trashrack would be placed over the intake structure.
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8.2.5 Supply Ditch

The previous feasibility studies performed by Harris (1995, 2001) and Wright Water Engineers
(2003) discussed proposed improvements to the Supply Ditch, which is used to convey flows
diverted from the La Plata River to the reservoir. The ditch conveys water for approximately 1.5
miles from the river to the reservoir, entering the reservoir upstream of the left abutment of the
dam. The ditch has a decreed capacity of 120 cfs; discussion with RMR&DC indicates that
actual maximum capacity is rather close to the decreed capacity. However, it has been noted for
a number of years that a reach of the ditch approximately 1,500 ft in length leaks into a downbhill
irrigated field when the ditch is in use. This represents a waste of diverted water which
RMR&DC would like to correct.

The previous studies have proposed lining that reach of the ditch with clay materials to eliminate
the seepage. Estimated costs to perform that portion of the work were considered to be
approximately $100,000 at that time.

This feasibility study also proposes to perform lining of the problematic ditch sections, although
this is not specifically shown on the conceptual design sheets or included in the cost estimate.
URS would propose to review the approach to lining the ditch sections, for example with a
geomembrane liner, to evaluate potentially more cost-effective methods of sealing against ditch
leakage. This would be evaluated further during final design.

8.2.6 Right-of-Way / Land Acquisition

As discussed in Subsection 8.1.3, the enlargement of the reservoir by 550 AF requires the
acquisition of approximately 20 acres of private land, both for construction of the enlarged
embankment and spillway features and for the enlarged reservoir inundation area. Based on
consultation with RMR&DC on recent land sales in the area, the cost to purchase the required
land was estimated at $4,000 per acre.

Flood easements would also be required for areas which would be above the normal reservoir
water line (spillway crest) elevation but below the maximum reservoir flood pool elevation
achieved while routing the IDF. Flood easements would be required for approximately 30 acres
of land. Since flood easements effectively restrict development on lands within the easement,
the maximum value of the land is severely reduced. The cost of flood easements was therefore
also established at $4,000 per acre, to reflect that loss of value.

8.3 COST ESTIMATE

A cost estimate was developed based on the conceptual design drawings. Construction quantities
for the major project features were estimated. Unit pricing was developed for the major project
features based on our experience with similar projects and recent dam construction projects in
Colorado. The cost estimate presented can be considered a Class 4 construction cost estimate as
described by the Association for the Advancement of Cost Engineering (AACE) International.
The level of project definition is between 1% and 15%. The purpose of this estimate is to assess
project feasibility. The typical variation in accuracy of a Class 4 estimate is between -30% and
+50%.

The cost estimate provides an allowance for the following:

e Contingency
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e Engineering and Construction Management
e Environmental Permitting and Legal
e Land Acquisition
e Flood Easement
The cost estimate does not provide an allowance for the following:
e Construction growth after contract
e Procurement
e Environmental mitigation
e Operations and maintenance
e Handling of hazardous materials

The cost estimate is provided in 2016 U.S. dollars. Allowances and unit pricing may vary from
that shown.

The direct construction cost for the Red Mesa Reservoir Enlargement as described in this
feasibility study was estimated at approximately $3.1 million. The total estimated project cost
was estimated at $5.1 million. The cost estimate is shown on Table 8-4.
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Table 8-4: Total Estimated Project Cost

RED MESA RESERVOIR ENLARGEMENT PROJECT
CONSTRUCTION COST ESTIMATE
Item Description Quantity | Unit Unit Price Total Cost
1 Stream Diversion and Dewatering 1 LS [$ 50,000 | $ 50,000
2 Clearing and Grubbing Dam Site 3 Acres | $ 10,000 | $ 30,000
3 Borrow Area Preparation and Reclamation 1 LS |$ 50,000 | $ 50,000
4 Main Dam
Existing Embankment Excavation waste to Reservoir 2,200 CY [$ 5% 11,000
Foundation Excavation, Unclassified waste to Reservoir 7,100 CY [$ 5% 36,000
Foundation Preparation 3,100 SY |'$ 16]$ 50,000
Right Abutment Grouting 1 LS |$ 100,000 | $ 100,000
Zone 2 Shell (Source/Spread/Place/Compact) from Spillway Excavation 56,900 CY [$ 78 398,000
Zone 1 Core (Source/Spread/Place/Compact) from Reservoir Borrow Area 13,700 CY [$ 10]$% 137,000
Filter - Chimney and Blanket (Source/Deliver/Place/Compact) 4,408 CY |$ 100 | $ 441,000
Riprap and Bedding (Dsq = 12") 2,100 CY [$ 100 | $ 210,000
Instrumentation 1 LS |$ 50,000 | $ 50,000
5 Spillway
Compacted Fill (Source/Spread/Place/Compact) from Spillway Excavation 10,763 CY |$ 713 75,000
Waste Excess Fill from Spillway Excavation to Reservoir 6,100 CY [$ 5[$% 31,000
Reinforced Concrete
Spillway Crest 111 CY [$ 900 | $ 100,000
Abutment Gravity Wall 111 CY [$ 900 | $ 100,000
Riprap and Bedding (Dso = 12 inch) 1,806 CY [$ 100 | $ 181,000
6 Outlet Works
Excavation, Unclassified 5,190 CY [$ 5% 26,000
Demolish and Remove Existing Intake Tower/Bridge/Controls 1 LS |$ 50,000 | $ 50,000
Intake Structure 1 LS [$ 50,000 | $ 50,000
Intake Gate (2121 inch) 1 EA |$ 20,000 | $ 20,000
Inlet Structure Trash Rack 1 EA | $ 10,000 | $ 10,000
Conduit (Supply/Install) 21 inch Welded Steel Pipe 200 LF [$ 350 | $ 70,000
Slip-line and Grout Existing Conduit (Supply/Install) 21 inch Welded Steel Pipe 230 LF [$ 500 | $ 115,000
Concrete Encasement 156 CY [$ 800 ([$ 124,000
Compacted Fill (Source/Spread/Place/Compact) 5,183 CY [$ 7($ 36,000
Controls 1 LS [$ 50,000 | $ 50,000
Impact Basin 1 LS [$ 50,000 | $ 50,000
Riprap and Bedding (Dso = 12 inch) 44 CY [$ 100 | $ 4,000
7 Access Roads 1 LS |$ 50,000 | $ 50,000
8 Reclamation 1 Acres | $ 7,500 | $ 8,000
9 Unlisted Items (5%) 1 LS [$ 140,000 | $ 140,000
10 Mobilization, Bonds, Insurance (10%) 1 LS |$ 290,000 | $ 290,000
Estimated Direct Construction Cost $ 3,100,000
Contingency (30%) $ 930,000
Engineering and Construction Management (18%) $ 560,000
Environmental Permitting and Legal (Allowance) $ 300,000
Land Acquisition (20 Acres at $4,000/Acre) $ 80,000
Flood Easement (30 Acres at $4,000/Acre) $ 120,000
Total Estimated Project Cost $ 5,100,000

Abbreviations
LF linear foot
LS lump sum
SF square foot
SY  square yard
CY  cubicyard
EA  each

84  IMPLEMENTATION SCHEDULE

Since full funding for the project has not been resolved at this time, as discussed in Section 9
below, it is not possible to develop an actual implementation schedule for the project. However,
a general sequence of events which must occur can be identified. First and foremost, a firm
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source of funding which will allow the project to move forward must be identified. As
RMR&&DC is unable to finance the full cost of project implementation, this will likely take the
form of either grants or a joint venture partner who has a use for the water in some manner other
than irrigation, such as for domestic or municipal and industrial purposes. Once that other
source of capital is discovered, then RMR&DC would be able to proceed with procurement of a
CWCB loan for the amount which they feel they can afford.

Once funding is in place, the next logical step would be to pursue environmental permitting for
the proposed plan. This process can be rather time consuming and expensive, and should be
concluded to confirm that construction is indeed possible prior to the initiation of final design
activities.

After the first two steps are successfully negotiated, an in-depth geotechnical investigation
program would need to be initiated to provide the required information for final design. With
that information in hand, then final design activities could be initiated. This would reveal a more
complete and accurate estimate of the design and the expected construction costs. At that point,
negotiations with adjacent landowners for the purchase of properties required for the reservoir
enlargement and for flood easements for those properties which would be inundated by the flood
pool could also begin. Arrangements should be made with Williams to remove and/or properly
abandon the gas pipeline which crosses the proposed spillway channel area.

Completion of the final design would require approval by the Colorado State Engineer prior to
putting the project out to bid by construction contractors. The project will need to be
competitively bid if government monies are used to finance it. If an acceptable bid is received
which is within the realm of the capital available to build it, then a contract for the construction
can be issued, and the project can move forward to construction. All required land purchases
would need to be completed by this point.

It is anticipated that the above sequence of events will extend over a period of several years,
assuming that a concerted effort is made to keep the project moving. The actual required time
frame could be highly variable, however.
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Total project costs to construct the selected alternative are currently estimated to be $5.1 million
in 2016 US dollars. To finance the project, RMR&DC is requesting a CWCB loan for
approximately 14% of the total cost, in the amount of $700,000, for 30 years, at the current
agricultural project interest rate of 1.80%. This would result in an annual payment of $30,402, to
be paid through annual shareholder assessments at the rate of $26.55/share. Added to the most
recent annual assessment of $20/share, this represents an increase of 133% from current
shareholder assessments, to $46.55/share, and is all that RMR&DC feels the shareholders can
currently afford on an ongoing basis.

Funding of the required loan reserve account would require an additional 10% of the annual loan
payment for each of the first 10 years of the loan repayment period, or $3040 additional
annually. This would require an additional $2.67/share for the first 10 years of the loan, for a
total of $49.22/share before factoring in inflation.

As a private irrigation company, RMR&DC is not bound by TABOR restrictions on taxing and
spending. The RMR&DC is currently debt-free, so the proposed construction loan would
amount to the total debt owed by the RMR&DC. The RMR&DC secretary/treasurer keeps the
company books and financial records; these have not been audited in recent years.

As collateral for the construction loan, RMR&DC would offer the enlarged dam and reservoir,
and the associated storage rights, as that is the limit of the company's assets.

This leaves approximately $4.4 million dollars needed to pay for the remainder of the project
cost. To cover this significant shortfall, RMR&DC intends to pursue additional financing via
grants and investors/partners. Up until now, WSRA southwest basin grant funds, in the total
amount of $78,400, along with a grant from the Southwestern Water Conservation District in the
amount of $30,000, and matching funds from RMR&DC in the amount of $13,000, have been
used to pay for necessary studies, including this one. RMR&DC will seek additional WSRA
grant funds, both in the form of a SW Basin grant and a statewide grant, to proceed with the
work. Also potentially in play are grants from other sources, although nothing has materialized
yet. RMR&DC will continue to search for grant funding opportunities. If possible, RMR&DC
would be willing to partner with other financing sources in return for a portion of the additional
storage in the reservoir, and will continue to seek potential partners out. Until other financing
sources are located, be they grants, loans, partners, water sales, etc, the project is not affordable.

Because financing arrangements other than the proposed CWCB construction loan have not yet
been identified, it is not possible to define or describe those funding sources or the manner in
which they would be used. Until this issue is resolved, the project is not financially feasible.
This issue will be revisited as other funding sources are discovered.
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SECTIONTEN Conclusions and Recommendations

The proposed project described in this feasibility study, the reservoir enlargement by 550 AF, in
concert with construction of an enlarged dam and spillway acceptable to the Colorado SEO and
the improvement of the dam outlet works, appears to be both administratively and technically
feasible. The estimated $5.1 million cost of the project, however, appears to be well beyond the
financial capacity of the sponsor. A CWCB construction loan of $700,000 is proposed to pay for
the portion of the construction costs which the sponsor feels they can afford, leaving a very
sizeable portion of the cost with no currently-identified source of funding. Until that issue is
resolved, the project as proposed herein is not financially feasible.

It is recommended that the project sponsor continue to pursue other funding mechanisms in the
form of WSRA grants, both basin and statewide, as well as other potential grant sources.
Potential partners in the project or purchasers of the water should also be pursued. As funding
sources become available, the financial feasibility of the project can be re-evaluated and re-
presented to CWCB for consideration of water project loan.

Failure to locate funding for the project will prevent it from moving forward, and this may well
lead to a full loss of storage in the reservoir, via either an imposed reservoir restriction or a
breach order, as the State Engineer may feel obligated to enforce the requirement that the dam
pass the IDF.
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SECTIONELEVEN Limitations and Representations

Professional judgments are presented in this report. These are based partly on evaluation of
technical information gathered, partly on our understanding of this project and site, and partly on
our general experience with similar projects. URS' services were performed within the limits
prescribed by our scope of work, with the usual thoroughness and competence of the engineering
profession. No other representation, expressed or implied, is included or intended in our
proposals, contracts or reports. This study is intended for the sole use of RMR&DC. The scope
of services performed during this study may not be appropriate to satisfy the needs of other
users. Any use or reuse of this document or of the findings, conclusions, or recommendations
presented herein is at the sole risk of said user. Background information, including topographic
survey, and other data have been furnished to URS by the RMR&DC, the SEO, and/or third
parties, which URS has used in preparing this report. URS has relied on this information as
furnished, and is neither responsible for, nor has confirmed the accuracy of, this information.
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K170 ALL MEN BY THESE PRESENTS, That we, Leo 3. Taylor, James i.

Slade, William Devenport, E. K. Ball and L., J. Dean, 2ll residents of the County
of La Plata and State of Colorado, and citizens of the United States, being de-
sirous of associating ourselves together for the purposes and objects hereinafter
set forth, and not for pecuniary profit, under, by virtue of and pursuant to the
laws and statutes of Colorado in such case made and provided, do hereby associate
ourselves together, and we do hereby make, execute and aclmowledge this, our
certificate in writing in triplicate, of an intention so to bacome a'bﬁdy aor-

porate, not for pecuniary prorit, and we state and set forth:

]

ARTICLE I.

2

The corporate name of our sald Company is "PHZ REDLESA 743D RESHIRVOIR

3 DITCH COMPANY"™.
ARTICLE IIL.

The particular business, purposes and objects for which our said Com-
pany is formed and organized are, to file on, appropriate or otherwise acquire
four thousand acre feet, more or less, of the flood water of the La Plata Rivar
in said county and state, and other waters, for storage in reservoirs, for dis-
tribution and for the use of members of the Company and other persons entitled
thereto, for domestic and irrigation purposes; to acqulire by purchase or othar-
wise the title in the Gampanylof the rights of way for headgates, ditches, flumes
and of reservoirs for the carrying and conducting waters from the source of supply
thereor to such reservoirs and the storage of such waters in such reservoirs, and
the distribution of such waters to the members of the Company and other persons
entitled thereto; to acquire by purchase or otherwlse lands upon vhich to construct,
maintain and operate the reservoirs of the Company for storage of waters therein
for domestic and lrrigatign DUrposes; to construct, maintain and operate lrriga-
tion dltches, laterals, reservoirs and irrigation vorks, together with all neo-
essary gates, dams, flumes, pipas and other appurtenances for the carrying, con-

veylng storage and distribution of waters for irrigation and domestlo purposes;



also to levy and collect pro rata and as may be provided by the by-laws of
the Company, such assessments as may from tims to time be naéaaaary for the
enlargement, repairs, maintenance, operation and superintendence of such ir-
rigation woxts, ditches and reservoirs, and to provide for the sale of the
wemberships, membership certificates, rights and interests of the members of
the Company and other persons entitled to receive water from sald irrigation
works, ditches and reservoirs for their default and neglect in payment of such
assessments, all as may be provided by the by-laws of the Company.

ARTICLE III.

Thae headgate of the main feeder canal and ditch for taking and re-
celving flood waters from the La Plata River for storage in the main reservolir
of the Company is on the right (west) bank of said river in the northeast
quarter of the Northwest quarter (NE} Ni}) of Section 26, Township 34, north
of Range 12, ‘ast of the MN.l.P.i., La Plata Couaty, Colorado, whenace the north
quarter corner of sald section bears N, 76° 10' B, 1252 feet, more or less.
From sald headgate, sald ditch extends in a general. westerly direction on 2

~: line approximately as follows, to-wif:

Beginning at such headgate,

Thence N. 84° 00' W. 493 ft. to Sta, 1,

" N. 43° 50' W. 616 ft. to Sta. 2,

N S. 76° 25' V. 527 f£t. to Sta. 3,

“ S. 62° 25' W. 883 ft. to Sta. 4,

" S. ble 45' ¥, 564 ft. to Sta. B

e 3. 27° 00' W. 210 ft. to Sta. 6,

" N. 08° 15' . 570 £t. to Sta. 7,

i 8. 85° 00' V.. 92 ft. to Sta. 8,

L 8. 76° 36" W, 792 ft. to Sta. 9, : -

" N, 79° 15' W, 204 ft. to Sta. 10,

i 8. 60° 40' W. 289 ft. to Sta. 11,

s S. 470 30' V. 910 ft. to Sta. 12, where it commects
with the reservoir of the Company hereinafter described. The stream and source
from vhich the principal supply of water is to be taken for storage purposes in
such reservoir is from the La Plata River, and the foregoing ment loned feeder
and ditch to such reservoir from said river traverses portions of the the N of
the Ny of Section 26, Sitf of the &y of Section 23, N} of the NE> and the NE}
of the MV of Section 27, ell in the above mentloned towmshlp.

ARTICLE IV.

The location of the main reservoir of the Company is on, and the
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lends vhich will be inundated by the waters stored in sush reservolr, conslst
of the following, to-wit:

The east half of the northwest guarter of the northwest quarter

{BL 1r.;z\?n73:1 » the west half of the northeast quarter ot the northwest quarter
(7% NEg Nv/§) of Ssction 27, the South half of the southwest quarter (S} s,
the northeast quarter of the southwest quarter (iB% S7}), the west half of
the northwest quarter of the southeast quarter (W} M7+ S5%), the west hal?
of the southwest quarter of the northeast quarter (Vi ST IE‘.}], and the east
half of the southeast quarter (B} SE}) of Section 22, all in Township 34, north
of Range 12,west of the N.M.P.M., La Plata County, Colorado.

ARTICLE V.

The use for which sald water is intended to be app_lted is for the
irrigation of land and domestic purposes.

ARTICLE VI.

The term of existence of this Company shall be twenty (20) years,

unless sooner dissolved according to law,
ARTICLE VII.

The number of directors of this Compeny shall be five (5), and Leo
3. Taylor, Jamss ii. Slade, Villiam Devenport, E. K. 3all and L. J. Dean shall
manags the affairs and businsess of this Company for the first year of its ex-
istence.

ARTICLE VIII.

The principal office of this Company shall be kept at Redmesa, La
Plata County, Colorado, and a branch office may be opened and maintained at such
other places in La Plata County, Colorado, as the Board of Directors may at any
time determine, and the principal business of this Company shall be carried on
in sald La Plata County, Colorado.

ARTICIE IX.

The Directors of this Company are hereby empowered and directed to
rmoke such prudential by-laws as are proper and necessaryv for the ma.nngemént.
conduct and control of the affalrs, budi ness and property of the Company, and
shill include therein a provision for the issuanae to the members of this
Company certificates showing and evidencing the respective rights, intorests

and privileges of such members in the waters and in the use of waters for irri-

gation and domestic purposes as may be appropriated, conveyed and carried by
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the ditches of said Company from the La Plata River and other sources and as

may be stored in tha reservolrs of the Company. That such membership certificates

as issuad by this Company shall set forth therein and thereby the amount of water ¢

the several owners are entitled to use and enjoy for 1r1flgatl_on and domestic pur-
poses as follows: one share for each acre foot of water as may be stored and dis-
tributed from the reservoirs of the Company. Also that said by-laws shall contain
a provision that in the election of Directors of this Company cummlative yoting
shall be allowed to the members of this Company.
ARTICLE X.
Assessments may be levied and made against the interests in the Company

ovmed by the members hereof, respectively, as shown by and according to the cer-

tificates of the Company issued to them as hereln provided and under the by-laws
of the Company, 2t eny anmal or special meeting of such members, as shall be

necessary to defray the expenses of repairing, improving, malntaining and opearat-

T b

Ing the irrigation system, ditches and reservolrs of the Company, and for the dis-
charge of the dobts end 1llabilities of the Company of every nature ard description.
~: ARTICLZE XI.
These dArticles of Iucorporation may be altered or a2mended by a vote
of two-thirds of all membership certificates or shares of this Company 1ssued and

outstanding, at any regular meeting of the members, or at any special meeting of

o —— A T T m— ey ——r

the members, whenevar tha call or notice for any such meating shall contain the
substance of such proposed alteration or amendments, and which such call or notice ;
of such meeting shall be made and given in strict conformity with the ﬁy—lawa of ¥
this Company. 1

11 WITiT28S WHEREOF, Ve the incorporators hereof, have hereunto subscribed

our names and affixed our sweals as of this ;Z,J day of July, 4.D., 1923. o
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" BTATE OF GOLORADO,

. ..; J"
Coe o

COUNTY OF LA PLATA.

; é%;;z7 /;7zfiﬂ‘ ;E-E'F
I, 4/’/{ ,,{/ J z/ Q , a ¥otary Public in and for

said County in the State aforesaid do herany cartify that Leo. S. Taylor, Jaras

Il. Slade, Willlam Devenport, E.K.Ball and L.J.Dean, who are personally kmown to
ne to ba the persons whose names are subscribed to the annexed and foregoing
Certificate or Articles of Incorporation, appeared before me this day in person,
,and each acknowledged that he signed, sealed and delivered said instrument of
writing as his free and. voluntary act for the uses and purposes thereln set
forth.
Given under my hand and notarial seal thls day of Ju%zu..n..

1923.

Ly commission expires&\ﬂ //(/ ’{F' /) 1925~
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CERTIFICATE OF RENEWAL OF THE CERTIFICATE OF INCORPORATION,

STATE OF COLORADO," )

) as.
COUNTY OF LA PLATA, )

TO WHOM IT MAY CONCER N.

THIS IS TO CERTIFY That at a special meeting of the shareholders of
The Redmesa Ward Reservoir & Ditch Company, held at Redmesa, County of La
Flata, Colorado, on the 3rd day of Septembar, 1943, duly called by the stock-
holders representing at least ten (10) per cent of the entire cepital stock
of the Company, the call being published once at least thirty days end not
less that ten days prior to this date, in the Durango Herald-Democrat, a
daily newspaper published at Durango, State of Colorado, and notice of said
meeting having been mailed to each stockholder thirty (30) days prior to
this date, there being represented at such meeting 22000 shares of the
cepital stock of said Company out of a total of 29425 shares outstanding,

That at sald meeting a resolution was passed to have extended the

corporate existence of this Company perpetually from and after the date

of the expiration of tha corporate 1life, the same being on August, 27, 1943,
the resolution recelving a majoity vote of all tha outstanding stock of

the Company. The Vice-President and Secretary were authorized to certify
this resolution under tha corporate seal of the company, to send such {
cer£i§icata to the Secretary of Stete of the State of Colorado, to file j
duplicate certificate under the seal of the Company in the office of the
County Clerk end Recorder of the County of La Plata, State of Colorado,

and in pursusnce of such resolution, we do hereby certify the same under j

Vice-President., i

Attests 27 i
s =T 6¢7Eecretary. }i

the seal of the Company,
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UNITED S']‘ATI',.S 01«‘A1~1me S.
STATE OF COLORADO.

7 Byrin @. Anverson, c%w&/g// Sttt
St Shoatersf Cotbradi i ttoreliy cordffydbad |

the annexed are full, true and complete copies of Articles of Incorpor-
ation and Certificate of Renewal of the Certificate of Incorporation of

GERTIF‘ICATF*

THE REDMESA WARD RESERVOIR & DITCH COMPANY

as filed in this office and admitted to record.
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Appendix B
Historic Design Drawings
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STATE OF COLORADO .
COUNTY OF LA PLATA) **
Allison L.Kroeger being duly sworn an his oath, deposes
and says that he is the Engineer for the Enlargement of the Red Mesa Ward Dom;
at the plans thereof were made under his supervision ond instructions and
that such plons are accurately represented hereon and are correct of hi
knowledge and belief.
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GECLOGY

Red Mesa Ward Reservoir
and Ditch Company

BY: James R. Mason, Project Engineer, Duransgo, Colorado
Alex D. Elkins, Geologist, Denver, Colorado

IN COOPERATION JJITH
La Plata Soil Conservation District
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P UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
P. O. Box 17107, Denver, Colorade 80217
SUBJECT: ENG - Geology - Red Mesa Ward Reservoir Dam, San DATE: December 16, 1975
Juan Basin RC&D Project, La Plata County, Colorado
TO: "J. R. Fisher, State Conservation Engineer

SCS, Denver, Colorado

Detailed geologic investigations for final design of the enlargement at
Red Mesa Ward dam were made during the period August 18-29, 1975. Eight
test holes were drilled with a rotary drill rig to investigate the abut-
ments of the dam and possible emergency spillway areas. A rock core barrel
was used to obtain samples of bedrock materials. Forty-one test holes were
dug with a backhoe in the dam foundation area, in potential borrow areas,
along the principal spillway extension, in possible emergency areas, and in
the present dam embankment. Six disturbed soil samples, mostly of borrow
materials, were collected for analysis by the soils laboratory. '

The main purposes of the present investigations were to determine geologic
conditions in both abutments of the dam as related to foundation stability
and seepage, to determine the best location for the emergency spillway and
principal spillway, and to locate sources of borrow materials. Information
on the embankment and foundation of the existing dam were obtained in a pre-
vious investigation during October and November 1974.

Previous reports on this site include: A geclogic report by James Boyd in
May 1936; geologic reports by A. D. Elkin on July 26, 1967, and February 4,
1975; trip reports by J. C. Stevenson on September 7, 1972, by J. R. Talbot
on May 1, 1975, and by J. L. Holland on October 9, 1975; and a materials
testing report by J. R. Talbot on December 9, 1975.

Description of Dam

The location and description of the dam is contained in previous reports.
The proposal for enlarging the dam now involves raising the existing dam
about 24 feet to an elevation of 6927.0 at the top of the dam. The emer-
gency spillway crest would be at an elevation of 6918.0.

Geology

Bedrock underlying the dam abutments and foundation areas consists of gray .
silty clay shale, gray clayey and sandy siltstone, and yellowish-brown to
light brown fine-grained sandstone of the Cliff House Formation of the Mesa-
verde Group. The general dip of the rock layers is at a gentle slope to the
southeast. Slight seepage from the reservoir probably occurs at several
places in the bedrock materials, but the only location at which significant
amounts of seepage was observed in the bedrock was in the right (west) abut-
ment about 100 to 150 feet downstream from the present dam centerline in the
vicinity of T.H. 602 and 603. When these test holes were dug with a back-
hoe, water emerged from a two to three foot layer of fractured siltstone

Y
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2T about elevation 6853 to 6855, The f£low from T. H. 602 was estimated
o be between five and ten gallons per minute and for T. H. 603 about
15 gpm. ,

In the left abutment of the dam, bedrock is overlain by alluvial deposits
consisting of layers of silty and clayey sand and layers of silty and
clayey gravels having a maximum thickness of about 70 feet. These deposits
were laid down along an ancient stream valley, which was Probably ancestral
To the present Hay Gulch.

Ficht Zbutment

In the right (weét) abutment, bedrock consisting of alternating layers of
shale, siltstone, and sandstone lies at or near the surface. No serious

I=ft Abutment

e

In the left (east) abutment, relatively impermeable layers of shale, silt-
stone, and sandstone occur in the immediate vicinity of the east end of the
dam, and no significant Seepage areas were observed near the dam. Beyond
the east end of the dam for a distance of about 1,000 feet from about Sta.
22+00 to Sta. 12+00, bedrock is overlain by alluvial materials reaching a
maximum thickness of about 68 feet (elevation 6853) at T. H. 9. :

The lower part of these alluvial deposits consists mainly of silty and
clayey fine sands and sandy silts with some layers of well-graded silty
sand and gravel. The materials are mainly below the Present emergency

The layers of gravel and coarser sand are likely to be at least moderately
Permeable as evidenced by a seepage area which appears along a tributary of
Hay Gulch about 1,000 feet downstream from the present emergency spillway.
A trench has been excavated along this small valley to pick up the seepage
water for irrigation use. The flow in this trench was about 20 gallons per
minute with the watexr level in Red Mesa Reservoir about 10 feet below the
high water line. This flow is probably somewhat greater when the reservoir
is full,

The upper part of the alluvial deposits in the left abutment consists main-
ly of silty and clayey well-graded gravel and sand averaging about 20 feet
in thickness. These materials appear to have a moderate to high permea-
bility and should be cut off with a core trench in this part of the dam.



Principal Spillway

Four test holes were dug with a backhoe to investigate the location for
the extension of the outlet conduit. Shale is at or near the grade of
the conduit in the vicinity of T. H. 301, 302, and_304. - :

Emergency Spillway

Test holes were put down at both ends of the proposed enlarged dam to
determine geologic conditions for an emergency spillway. At the east

end of the new dam, it would be possible to locate the center section of

the spillway entirely in sandstone, but most of the spillway excavation
would be located in gravelly and sandy materials, and the spillway return
would be in similar materials, which could erode considerably in large flows.

The most desirable location for the emergency spillway appears to be in

the right abutment where layers of erosion resistant sandstone are present
beneath the spillway crest elevation in. the downstream section of the spill-
way area. Bedrock materials consisting of shale, siltstone, and sandstone
layers are near the surface in the spillway return area and would be gener-
ally resistant to erosion. Much of the emergency spillway excavation would
be in moderately hard to hard sandstone, which would be suitable for riprap
on the new section of the dam.

Borrow Areas

Adeguate amounts of suitable borrow materials appear to be available in two
locations: (1) the area to the north and northeast of the east end of the
new dam and (2) the area at the upstream end of the present reservoir area.
The upper few feet of materials in these areas consists of reddish-brown
eolian deposits classified in the field as silty and sandy clay (laboratorxry
classification ML). Underlying these materials are several feet of silty
well—graded gravels and sand (GM). Representative samples of these ma-
terials have been tested in the soils laboratory.

Conclusions

1. The bedrock materials in the dam foundation are generally satis-~
factory from the standpoint of stability and seepage losses from
the reservoir. Small amounts of seepage can be expected in certain
layers in the bedrock, such as the fractured siltstone layer in the
lower part of the right abutment. In such places, drainage should
be provided.

2. The sandy and silty alluvial materials lying deeper in the left
abutment appear dense and relatively impermeable. No problems of
stability or seepage losses are expected except for possible higher
seepage losses in the gravelly portions of this deposit. An upstream
blanket may be needed to reduce seepage losses in these deeper gravels.
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The most desirable emergency spillway location is in the right
abutment where. erosion-resistant sandstone underlies the downstream

4

The gravelly and sandy deposits in the upper 10 to 28 feet of
the left abutment appear to be moderately to highly permeable
and should be cut off with a core trench.

section of the spillway.

Do L9, E2g2.

Elkin

Geologist
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Talbot, SCS, Portland, Oregon
Hunter, SCS, Denver, Colorado
Gillaspie, SCS, Alamosa, Colorado
Betts, SCS, Durango, Colorado
Brown, SCS, Durango, Colorado
Mason, SCS, Durango, Colorado
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SOTLS MECHANIC

Red Mesa Ward Reservoir
and Ditch Company

BY: James R. Mason, Project Engineer, Durango, GColorado
James Re. Talbot, Soils Mechanic Engineer, Portland, Oregon

IN COOPERATION WITH
La Plata Soil Conservation District




SIENECT:

ENG - Soil Mechanics - Materials Testing - DATE: December 9, 1975

UNITED STATES DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE
West Technical Service Center, Portland,.Oregon 97209

San Juan RC&D Project, Colorado, Red Mesa Ward Dam

"James R. Fisher, State Conservation Engineer
SCS, Denver, Colorado 80217

We have completed the materials testing requested on the subject project.
Reports of this testing are enclosed for your use in design. "All testing
under authorization of Colorado Work Order No. CO-SML-2-76 is now completed.
Reports from previous testing completed in March 1975 were sent at that
time. "

We have analyzed the structure on the basis of all the testing completed
to date for preliminary design purposes. This report summarizes all the .
testing and includes recommendations for design. |

Testing Program

war

A total of 20 samples have been tested from this site. Included were nine
undisturbed samples and six disturbed samples from the existing embankment
and foundation. Five disturbed samples from the potential borrow areas
were also tested. '

Tests for classification and undisturbed density and moisture content were
made on all undisturbed samples. Consolidation and triaxial shear tests
were made on representative undisturbed samples to determine the expected
settlement of the existing embankment and the required slopes after the
additional height has been added. Compaction tests were made on representa-
tive samples of the borrow materials and two disturbed samples were selected
for triaxial shear tests to evaluate the strength of the fine-grained borrow
materials.

Results of analyses

A slope stability analysis was made using the measured strength values for

the existing embankment and foundation materials. With the additional £ill
height, the effective slopes will need to be 3 to 1 on the upstream side K\}
and 2% to 1 on the downstream side. This is for the zoning pattern as '3’?\\

shown on the attached sketch. = Vv

The consolidation test results indicate the existing embankment will settle
approximately 3 to 5 percent of the existing fill height with the addition
of the proposed fill. This amount will likely be representative of the

newly placed silty clay material also. The foundation materials will settle
approximately 7 to 8 percent of the depth of compressible foundation material.

N/



Jzmes R. Fisher : | ; . - . o 271”
12/9/75 ' : '

Zpproximately one-third of this settlemént will likely take place during

construction. An appropriate overfill should be included for this amount ' _ -
of settlement. 2, _ - > o . ' o

Other Design Considerations

The major consideration deals with what must be done to the existing out-—

let conduit. If any of the existing conduit is to be left in place, this

=2y dictate whether the additional embankment is placed on the upstream

or downstream sides of the existing dam. The stability analysii was made
assuming the addition will be placed on the downstream side. If the

conduit is removed and replaced, this will require rebuilding most of the |
embankment. Slopes no steeper than 4 horizontal to 1 vertical should be  * e
used on excavations through the embankment where earthfill will be replaced a*
against existing fill material.

Drainage will be needed on the downstream side and along both abutments
where seepage flows have been observed from the present reservoir. The
cutoff trench will need to be rather extensive or blanketing will be
necessary on the deep permeable layers in the left abutment.

If we can be of further assistance in the use of the materials testing
information or in advising in the preliminary design, please inform us.

~Trewes T Syl
jﬁ:;s R. Talbot

Soil Mechanics Engineer
Attachments

cc: (w/attach)
Alexander D. Elkin, Jr., Geologist, SCS, Denver, Colorado
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Appendix D
Spillway Alternatives Analysis



URS

September 27, 2013

Mr. Jim Greer

Chairman

RedMesa Reservoir and Ditch Company
7882 County Road 100

Hesperus, CO 81326

Subject: Spillway Alternatives Analysis, RedMesa Reservoir, La Plata County,
Colorado

Dear Mr. Greer:

RedMesa Reservoir and Ditch Company (RedMesa) contracted with URS Corporation (URS) to
develop conceptual level designs, cost estimates, and a technical memorandum for spillway
alternatives for the RedMesa Reservoir located in La Plata County, Colorado. This technical
memorandum summarizes the basis of the design, cost estimate, and recommendations for
selecting a preferred alternative. The alternatives developed and considered for evaluation are
summarized below:

1) Spillway design based on optimizing the required spillway crest length at the existing
spillway crest elevation, and raising the embankment dam crest to pass the Spillway
Design Flood (SDF)

o Inaddition, two dam and reservoir enlargement alternatives including spillway
size optimization to pass the SDF were evaluated; the enlargement alternatives are
show below:

= Raising the normal storage level by 4 feet (approximately 250 acre-feet)
= Raising the normal storage level by 8 feet (approximately 550 acre-feet)

2) Providing flood overtopping protection consisting of Roller Compacted Concrete (RCC)
for the existing embankment in concert with an enlarged spillway

3) Breaching the dam and draining, or the “Do Nothing” alternative

Conceptual level design drawings for these alternatives are provided as Attachment A. A cost
estimate of each alternative is provided as Attachment B.

1. BASIS OF CONCEPTUAL DESIGN

RedMesa Dam is classified as a high hazard dam. The design basis for the project was generally
developed based on the 2007 State Engineers Office (SEO) “Rules and Regulations for Dam
Safety and Dam Construction” (SEO Rules), as well as engineering judgment, and typical
industry standards for dam rehabilitation projects. Topography information for this analysis was
provided by RedMesa and consisted of an AutoCAD drawing, dated 2002, with two foot
contours and property line information created by Craig Surveying and Mapping. No survey
information was specifically obtained for this evaluation.

URS Corporation
8181 E. Tufts Avenue
Denver, CO 80237
Tel: 303.694.2770
Fax: 303.694.3946
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Mr. Jim Greer
RedMesa Reservoir and Ditch Company
September 27, 2013
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According to SEO Rules, high hazard dams should have a SDF capable of passing the Inflow
Design Flood (IDF) generated from the Extreme Storm Precipitation Event (ESP). In May 2011,
URS completed an Incremental Damage Assessment and Inflow Hydrology Report for RedMesa
Reservoir; the resulting IDF, which was reviewed and approved by the SEO, was used for the
spillway alternatives. The minimum SEO required residual freeboard of one foot was also
assumed.

The design basis for specific design elements related to each alternative are summarized below.

1.1

EMBANKMENT AND SPILLWAY OPTIMIZATION ALTERNATIVES

Given the significant increase in overall embankment height required by all the scenarios,
and the placement of the additional embankment materials on the downstream side of the
existing dam, the additional structural loading imposed on the downstream outlet conduit
section was considered to be excessive. For that reason, the outlet conduit is assumed to
be modified using a steel liner pipe grouted in place within the existing conduit and
tunnel section.

According to SEO Rules, high hazard dams should have an outlet works conduit capable
of releasing the top five feet of the reservoir capacity in five days. Minimum size
estimated to meet this criterion and used for this analysis, is a 21- inch diameter outlet
pipe. Where feasible, the existing conduit was relined with a 21-inch welded steel pipe
and the annulus between the existing conduit and new pipe was grouted. Where new
conduit is required, a 21 inch welded steel pipe was encased in 4.5-foot by 4.5-foot
concrete sections.

For all embankment and spillway optimization alternatives, the base analysis assumes
that the existing outlet works tower, upstream conduit section, and intake structure are
removed and replaced with a new conduit and a new intake structure located at the pipe
inlet. The new outlet works intake structure will be constructed to support a minimum 21-
inch by 21-inch slide gate, which will be equipped with a hydraulic cylinder to open and
close the gate. Stainless steel conduits will carry hydraulic fluid to the manual power unit
on the crest of the dam. A steel trashrack will be installed on the new intake structure.
The hydraulic conduit lines required to operate the hydraulic cylinder will be encased in
reinforced concrete along with the air vent pipe. The manual power unit for the
hydraulically-operated slide gate will be installed in a reinforced concrete vault on the
dam crest.

Alternatives that increase the normal Water Surface Elevation (WSEL) require a new
gate and operating system due to the inundation of the existing gate tower. Based on the
condition of the existing gate tower, the non-enlargement scenario may not require
replacement. The cost estimate assumes that a new gate and operating system is
constructed for each of the embankment and spillway optimization alternatives.
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Additional discussion related to reusing the existing gate tower is provided in the Cost
Estimate Section.

To mitigate erosion at the exit of the outlet works conduit, a new concrete impact basin
and riprap is designed to dissipate energy prior to the release of flow downstream.

The normal WSEL was derived from SEO documents and set at elevation 6892.8 feet
(NAVDB88). The normal WSEL corresponds to reservoir storage of 1,176 acre-feet. A
four foot and eight foot normal WSEL raise will add approximately 250 and 550 acre-feet
of storage, respectively.

For the dam crest raise, the spillway excavation material was assumed to be used as
embankment fill. Using the Craig topography and AutoCAD 3D modeling, the spillway
excavation and dam embankment fill was balanced using a cut-fill shrink factor of 1.3. A
geotechnical investigation will be required to confirm the excavated spillway material is
acceptable as embankment fill.

Spillway optimization led to dam crest elevation increases of 12, 13 and 14 feet for the no
enlargement, 4-foot enlargement, and 8-foot enlargement alternatives, respectively.
Spillway crest width varies from 125 feet to 185 feet to 275 feet for the three alternatives,
respectively.

The dam crest width of 25 feet was selected to meet SEO Rules for high hazard dams.
The upstream embankment side slope of 3H:1V and downstream embankment side slope
of 2.5H:1V were assumed and anticipated to be stable during steady state loading
conditions. Design slopes may need to be revised during final design based on slope
stability and seismic analysis.

A grout injection allowance was provided for the alternatives that raised the normal
WSEL. The costs associated with grouting the right abutment are unknown at the time of
this study and will be dependent on site conditions and therefore an allowance was used
rather than an estimate based on unit costs.

Existing riprap on the upstream slope was assumed to be of acceptable size and condition
and was tied in with the new riprap associated with the raised dam embankment section.

A filter blanket and chimney drain consisting of sand filter material compatible with the
existing and new embankment is designed to serve as a drainage zone by capturing
seepage and any fine material entrained in seepage flows.

All earthen disturbed areas are to be covered with a layer of topsoil and reseeded with
native vegetation.

A concrete cutoff wall was included in the design to serve as a control structure for the
proposed emergency spillway. Reinforcement is not typically designed at the conceptual
design level and would be included in final design.
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1.2

A low-flow notch was placed on the concrete cutoff wall to convey routine flows through
the spillway. Design criteria for selecting the size of event (e.g., 5-year storm) for the
low-flows through the cutoff wall and spillway will need to be considered to mitigate
erosion and reduce maintenance during final design.

For the enlargement scenarios, an allowance was included for the anticipated
approximate cost of necessary environmental permitting activities associated with the
additional depletions to the river. Actual cost of environmental permitting activities may
vary over a wide range, depending on the amount of work required.

RCC OVERTOPPING ALTERNATIVE

The RCC embankment overtopping protection, which extends for a length of 250 feet
along the center section of the dam, is placed at the existing dam crest elevation of 6898.8
feet (NAVD88), and a downstream dam crest raise of 8.7 feet is utilized on either
abutment of the dam to pass the SDF. Vertical concrete training walls are used on either
side of the overtopping section to retain the raised embankment section. Per SEO Rules,
the RCC embankment overtopping protection shall not operate for floods more frequent
than the 100-year storm. With this alternative, the existing spillway is modified to pass
the 100-year flood without activating the RCC embankment overtopping protection
(emergency spillway).

The existing outlet section downstream of the gate tower will need to be structurally
improved to accommodate the additional loading due to the significant increase in
structural fill height over the downstream slope of the dam. This is accomplished by
using a steel liner grouted within the existing conduit and tunnel sections.

Similar to the embankment and spillway optimization alternatives, the minimum size
outlet conduit is used for this alternative is a 21-inch diameter outlet pipe. For the outlet
section downstream of the existing gate tower, the existing conduit was relined with a 21-
inch welded steel pipe and the annulus between the existing conduit and new pipe was
grouted. Where new conduit is required to extend the outlet downstream, a 21-inch
welded steel pipe was encased in 4.5-foot by 4.5-foot concrete section.

For this alternative, the existing outlet works gate tower and bridge were used and
modified with a 21-inch by 21-inch slide gate attached to the 21-inch liner pipe, which
can be equipped with a hydraulic cylinder or a manual hand wheel to open and close the
gate.

Use of RCC is an accepted practice to armor embankments for use as emergency
spillways. RCC has properties similar to conventional concrete, but has a lower strength
due to lower cement content and is typically more cost effective to place than
conventional concrete. For this design, a horizontal lift width of 10 feet was assumed to
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1.3

allow for placement and compaction. The width of the armored overtopping section at the
existing dam crest elevation is 22 feet.

The raised embankment section on either side of the RCC placement has a crest width of
25 feet to conform with SEO requirements, and utilizes an upstream slope of 2.5:1 and
downstream slope of 2:1, which are assumed to be stable during steady state loading
conditions. Design slopes may need to be revised during final design based on slope
stability and seismic analysis.

RCC is placed on a filter/drain layer, shown on the concept drawings as a 1.5 feet thick
sand layer. The filter/drain layer would serve as a drainage zone to reduce uplift pressures
during emergency spillway operations, and would capture seepage and any fine material
entrained in seepage flows.

The stilling basin is conceptually sized to force a hydraulic jump within the basin,
dissipate energy and mitigate erosion that could threaten the safety of the dam during the
SDF event. Additional geotechnical evaluations would be required during final design.

Vehicle access is provided along the emergency spillway crest elevation to provide
access to both dam abutments. This access will not be available during emergency
spillway flows.

BREACH THE DAM OR “DO NOTHING” ALTERNATIVE

RedMesa Reservoir does not currently pass the approved IDF. The SEO has authority
and may require the breach of the reservoir to comply with SEO rules; therefore,
breaching the dam is considered the “Do Nothing” alternative.

Per SEO Rules, the dam breach is required to be excavated down to the level of natural
ground and shall pass the 100-year flood with a maximum increase in the reservoir depth
of 5 feet. Therefore, the channel through the dam and reservoir is designed to restore the
historical channel invert elevation by excavating a channel section designed to pass the
100-year event with a maximum depth of five feet. The excavated material will be
spoiled within the reservoir area and graded to drain towards the new channel.

For safety considerations, the existing intake tower and bridge was assumed to be
removed and disposed offsite. The outlet works is not located within the breached dam
section and should be abandoned by plugging the entrance and outlet.

Erosion is dependent on vegetation, site soils, and flood velocities of the channel. The
new channel will be covered with a layer of topsoil and reseeded with native vegetation.
Since the channel will be restored to the historic longitudinal grade within Hay Gulch, the
flood velocities and resulting erosion from the new channel at this slope is anticipated to
be similar to conditions prior to the dam’s construction.
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2. COST ESTIMATE

URS prepared a cost estimate based on quantities taken from the conceptual design drawings for
the sole purpose of comparing alternatives. Pricing was based on URS’ database for material
costs from previous dam construction projects. The conceptual design is considered a Class 4
estimate by the Association of the Advancement of Cost Engineering (AACE) and reflects our
professional opinion of the likely costs to construct the project including contingencies as
recommended for this level of design. A Class 4 estimated is described by AACE as follows:

“Class 4 estimates are generally prepared based on limited information and subsequently have
fairly wide accuracy ranges. They are typically used for project screening, determination of
feasibility, concept evaluation and preliminary budget approval. Typically, engineering is from
1% to 15% complete.”

Actual contractor bids are affected by a number of factors beyond our control, such as the project
location, supply and demand for this type of construction project at the actual time bids are due,
changes in material and equipment costs, changes in labor rates, and design changes that may
occur in final design. The estimated construction costs are in 2013 dollars and are based on the
assumption that the work would be bid using an open, competitive procurement process.
Estimated construction costs would need to be adjusted accordingly if construction begins after
2013. A summary of estimated costs are shown below in Table 1. The breakdown of quantities
and unit costs are provided in Attachment B.

Table 1 — Spillway Alternatives Cost Estimate

Spillway Optimization
Item Maintain Existing] 4'Normal 8'Normal Rec . Breach Dam
. . Overtopping
Normal WSEL WSEL Raise WSEL Raise
1. General Requirements $209,000 $228,000 $242,000 $407,000 $145,000
2. Spillway Improvements $448,000 $488,000 $534,000 $3,306,000 N/A
3. Dam Raise $645,000 $776,000 $857,000 $84,000] N/A
4. Intake and Conduit Modifications $504,000 $504,000 $504,000 $207,000 N/A
5. Restore Channel N/A N/A N/A N/A $613,000
Construction Subtotal $1,806,000 $1,996,000 $2,137,000 $4,004,000 $758,000
Contingency (30%) $542,000 $599,000 $642,000 $1,202,000 $228,000
Engineering and Construction
Management (18%) $326,000 $360,000 $385,000 $721,000 $137,000
Environmental Permitting and Legal
Allowance $50,000 $300,000 $300,000 $50,000 $50,000
Land Acquisition and Flood
Easements $176,000 $188,000 $200,000 $4,000 N/A
Total $2,900,000 $3,443,000 $3,664,000 $5,981,000 $1,173,000
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It should be noted that for all spillway optimization alternatives shown in Table 1, Item 4
includes complete removal of the existing outlet gate tower, access bridge, conduit section
upstream of the tower, and intake structure, and replacement with a new conduit, intake
structure, gate and operating system. However, for the option of maintaining the existing normal
water surface elevation only, it may be possible to utilize the existing structures solely with a
new gate and operating system. This approach could result in a potential cost savings of
approximately $300,000 for the non-enlargement alternative.

3. RECOMMENDATIONS

Conceptual designs of three alternatives were developed to evaluate potential options for
rehabilitation of the dam. The alternative with the lowest estimated costs and continued operation
of RedMesa Reservoir is optimization of the spillway crest length at the existing spillway crest
elevation along with raising the dam crest to pass the SDF. If RedMesa selects this alternative,
RedMesa may also want to consider the cost and benefit of adding reservoir storage by raising
the normal WSEL during this construction. A 4-foot normal WSEL raise is estimated to cost an
additional $543,000 for 250 acre-feet or approximately $2,200 per acre-foot. An 8-foot normal
WSEL raise is estimated to cost an additional $764,000 for 550 acre-feet or approximately per
$1,400 acre-foot. It should be noted that both enlargement scenarios involve an estimated fixed
cost or allowance for environmental permitting which does not vary with the amount or size of
enlargement. In reality, environmental permitting may result in an increased incremental cost
depending on the size of the proposed enlargement.

Use of RCC overtopping protection for passing the IDF does not appear to be cost competitive,
at approximately twice the cost of the spillway optimization alternative that maintain the current
normal WSEL.

Breaching the dam incurs the lowest overall construction cost, but also results in a total loss of
reservoir storage. The cost of each alternative should consider the incremental cost of the
reservoir storage. For example, to maintain the existing 1,176 acre-feet of reservoir storage, the
incremental cost is $1,727,000, or about $1,470 per acre-foot. Similarly, the two enlargement
scenarios involve incremental costs of $2,270,000 (250 acre-feet) and $2,491,000 (550 acre-
feet), or about $1,590 per acre-feet for 1,426 acre-feet total storage, and about $1,440 per acre-
feet for 1,726 acre-feet total storage.

Once RedMesa selects the preferred concept from the alternatives, URS recommends a
feasibility study be conducted to confirm the assumptions used in this study. The feasibility
study should gather current topography and subsurface conditions through a detailed site
investigation that may be used in future design phases. If RedMesa desires to pursue a loan
package from Colorado Water Conservation Board, the feasibility study should be developed to
meet Colorado Water Conservation Board requirements.



URS

Mr. Jim Greer

RedMesa Reservoir and Ditch Company
September 27, 2013

Page 8

RedMesa will need to carefully consider the value of the water stored against the costs to
repair/upgrade the dam and reservoir, and the anticipated ability of RedMesa to generate required
revenues to construct the project. Consideration should be given to pursuing a combination of
loans and grants, as available. RedMesa will need to evaluate its ability to repay loans acquired
to complete the work through increased shareholder assessments, which would likely be a
condition of any loan consideration.

4, STATEMENT OF LIMITATIONS

Professional judgments are presented in this report. These are based partly on evaluation of
technical information gathered, partly on our understanding of this project and site, and partly on
our general experience with similar projects. URS’ services were performed within the limits
prescribed by our scope of work, with the usual thoroughness and competence of the engineering
profession. No other representation, expressed or implied, is included or intended in our
proposals, contracts or reports. This technical memorandum is intended for the sole use of
RedMesa Reservoir and Ditch Company. The scope of services performed during this conceptual
design may not be appropriate to satisfy the needs of other users. Any use or reuse of this
document or of the findings, conclusions, or recommendations presented herein is at the sole risk
of said user. Background information, including topographic survey, and other data have been
furnished to URS by the RedMesa Reservoir and Ditch Company, the SEO, and/or third parties,
which URS has used in preparing these conceptual designs. URS has relied on this information
as furnished, and is neither responsible for, nor has confirmed the accuracy of this information.

If you have any questions or require additional information, please contact Mark Belau at 303-
740-3981 or mark.belau@urs.com, or Dennis Miller at 970-560-1582 or
dennis.g.miller@urs.com.

Sincerely,

ok Bol D g
Mark Belau, PE Dennis Miller, PE
Project Manager Senior Civil Engineer
Attachment A Conceptual Design Drawings

Attachment B Cost Estimate
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REDMESA DAM ALTERNATIVE ANALYSIS

Maintain Existing

4' Normal WSEL

8' Normal WSEL

Normal WSEL Raise Raise RCC Overtopping Breach Dam

1. General Requirements $209,000 $228,000 $242,000 $407,000 $145,000
2. Spillway Improvements $448,000 $488,000 $534,000 $3,306,000 N/A
3. Dam Raise $645,000 $776,000 $857,000 $84,000 N/A
4. Intake and Conduit Modifications $504,000 $504,000 $504,000 $207,000 N/A
5. Restore Channel N/A N/A N/A N/A $613,000
Construction Subtotal $1,806,000 $1,996,000 $2,137,000 $4,004,000 $758,000
Contingency (30%) $542,000 $599,000 $642,000 $1,202,000 $228,000
Engineering and Construction

Management (18%) $326,000 $360,000 $385,000 $721,000 $137,000
Environmental Permitting and Legal

Allowance $50,000 $300,000 $300,000 $50,000 $50,000
Land Acquisition and Flood Easements $176,000 $188,000 $200,000 $4,000 N/A
Total $2,900,000 $3,443,000 $3,664,000 $5,981,000 $1,173,000




Maintain Existing Normal WSEL (0' Normal WSEL Raise)

:\tlimber Item Description Quantity Unit Unit Cost Total Cost
1 General Requirements $ 209,000
la Unlisted Items (10%) $ 18,970
Mobilization, Demobilization,
1 and Preparatory Work 1 ) 10% $ 159,700
1c Reclamation 3 Acre $ 10,000 | $ 30,000
2 Spillway Improvements $ 448,000
2a Unlisted Items (10%) $ 40,700
2b Excavation 73,000 CY $ 5% 365,000
2c Concrete Cutoff Wall 70 CY $ 600 | $ 42,000
3 Dam Raise $ 645,000
3a Unlisted Items (10%) $ 58,580
3b Fill 56,000 CY $ 719$ 392,000
3c Sand Filter 1,600 CY $ 50| $ 80,000
3d  |Riprap 850 [ $ 110 $ 93,500
3e Riprap Bedding 290 CY $ 70| $ 20,300
4 Intake and Outlet Conduit Modifications $ 504,000
4a Unlisted Items (10%) $ 45,750
4b 21" Steel Outlet Conduit 435 LF $ 200 [ $ 87,000
4c Concrete Encasement 170 CY $ 700 | $ 119,000
4d Backfill Grout-Reline Conduit 60 CY $ 900 | $ 54,000
Remove and dispose of Existing
4e Intake Tower, Bridge, and 1 LS $ 25,000 | $ 25,000
Conduit
4f New Intake Structure and Gate 1 LS $ 100,000 | $ 100,000
Operator
4q Hydraulic Lines and Air Vents 90 LF $ 250 | $ 22,500
4h Outlet Works Impact Basin 1 LS $ 50,000 | $ 50,000
Items 2 through 4 Subtotal | $ 1,597,000
All Items Subtotal (Construction Subtotal)] $ 1,806,000
Contingency (30% of Construction Subtotal)| $ 542,000
Engineering and Construction Management (18% of Construction Subtotal)| $ 326,000
Environmental Permitting and Legal Allowance| $ 50,000
Land Acquisition -Dam Raise,
- Spillway Modifications, and Pool 4 Acre $ 4,000 | $ 16,000
Enlargement
- Flood Easement 40 Acre $ 4,000 [ $ 160,000
Totall $ 2,900,000




4' Normal WSEL Raise

thirrTT:ber Item Description Quantity Unit Unit Cost Total Cost
1 General Requirements $ 228,000
la Unlisted Items (10%) $ 20,680
1b Mobilization, Demobilization, 1 ) 10% $ 176,800
and Preparatory Work
1c Reclamation 3 Acre $ 10,000 | $ 30,000
2 Spillway Improvements $ 488,000
2a Unlisted Items (10%) $ 44,300
2b Excavation 79,000 CY $ 5([% 395,000
2c Concrete Cutoff Wall 80 cY $ 600 | $ 48,000
3 Dam Raise $ 776,000
3a Unlisted Items (10%) $ 70,490
3b Fill 61,000 CY $ 709 427,000
3c Sand Filter 1,600 CcY $ 50| $ 80,000
3d Riprap 920 CY $ 110 | $ 101,200
3e Riprap Bedding 310 CY $ 701 $ 21,700
g |CroutRight Abutment 1 s |s 75000 |$ 75,000
Allowance
4 Intake and Outlet Conduit Modifications $ 504,000
4a Unlisted Items (10%) $ 45,750
4b 21" Steel Outlet Conduit 435 LF $ 200 | $ 87,000
4c Concrete Encasement 170 cY $ 700 [ $ 119,000
4d Backfill Grout-Reline Conduit 60 cY $ 900 | $ 54,000
Remove and dispose of Existing
4e Intake Tower, Bridge, and 1 LS $ 25,000 | $ 25,000
Conduit
af New Intake Structure and Gate 1 s $ 100,000 | $ 100,000
Operator
49 Hydraulic Lines and Air Vents 90 LF $ 250 | $ 22,500
4h Outlet Works Impact Basin 1 LS $ 50,000 | $ 50,000
Items 2 through 4 Subtotal [ $ 1,768,000
All Items Subtotal (Construction Subtotal)| $ 1,996,000
Contingency (30% of Construction Subtotal)| $ 599,000
Engineering and Construction Management (18% of Construction Subtotal)| $ 360,000
Environmental Permitting and Legal Allowance| $ 300,000
Land Acquisition -Dam Raise,
- Spillway Madifications, and Pool 13 Acre $ 4000 $ 52,000
Enlargement
- Flood Easement 34 Acre $ 4,000.00 | $ 136,000
Total| $ 3,443,000




8' Normal WSEL Raise

thirrTT:ber Item Description Quantity Unit Unit Cost Total Cost
1 General Requirements $ 242,000
la Unlisted Items (10%) $ 21,950
1b Mobilization, Demobilization, 1 ) 10% $ 189,500
and Preparatory Work
1c Reclamation 3 Acre $ 10,000 | $ 30,000
2 Spillway Improvements $ 534,000
2a Unlisted Items (10%) $ 48,500
2b Excavation 85,000 CY $ 5([% 425,000
2c Concrete Cutoff Wall 100 cY $ 600 | $ 60,000
3 Dam Raise $ 857,000
3a Unlisted Items (10%) $ 77,900
3b Fill 66,000 CcY $ 7019 462,000
3c Sand Filter 1,700 CcY $ 50| $ 85,000
3d Riprap 990 CY $ 110 | $ 108,900
3e Riprap Bedding 330 CY $ 701 $ 23,100
g |CroutRight Abutment 1 s |s 100,000 [ $ 100,000
Allowance
4 Intake and Outlet Conduit Modifications $ 504,000
4a Unlisted Items (10%) $ 45,750
4b 21" Steel Outlet Conduit 435 LF $ 200 | $ 87,000
4c Concrete Encasement 170 cY $ 700 [ $ 119,000
4d Backfill Grout-Reline Conduit 60 cY $ 900 | $ 54,000
Remove and dispose of Existing
4e Intake Tower, Bridge, and 1 LS $ 25,000 | $ 25,000
Conduit
af New Intake Structure and Gate 1 s $ 100,000 | $ 100,000
Operator
49 Hydraulic Lines and Air Vents 90 LF $ 250 | $ 22,500
4h Outlet Works Impact Basin 1 LS $ 50,000 | $ 50,000
Items 2 through 4 Subtotal [ $ 1,895,000
All Items Subtotal (Construction Subtotal)|] $ 2,137,000
Contingency (30% of Construction Subtotal)| $ 642,000
Engineering and Construction Management (18% of Construction Subtotal)| $ 385,000
Environmental Permitting and Legal Allowance| $ 300,000
Land Acquisition -Dam Raise,
- Spillway Madifications, and Pool 20 Acre $ 4000 $ 80,000
Enlargement
- Flood Easement 30 Acre $ 4,000 | $ 120,000
Total| $ 3,664,000




RCC Overtopping

:\tlimber Item Description Quantity Unit Unit Cost Total Cost
1 General Requirements $ 407,000
la Unlisted Items (10%) $ 36,970

Mobilization, Demobilization,

1b and Preparatory Work 1 ) 10% 359,700
1c Reclamation 1 Acre $ 10,000 | $ 10,000
2 Spillway Improvements $ 3,306,000
2a Unlisted Items (10%) $ 300,500
2b Excavation 12,000 cY $ 51 % 60,000
2c RCC 6,900 CcY $ 300 ($ 2,070,000
2d Sand Filter 2,300 CcY $ 50| $ 115,000
2e Concrete Chute Wall 860 CY $ 800 [ $ 688,000
2f Riprap 540 CY $ 110.00 | $ 59,400
29 Riprap Bedding 180 CY $ 70.00 | $ 12,600
3 Dam Raise $ 84,000
3a Unlisted Items (10%) $ 7,550
3b Fill 9,500 CcY $ 719 66,500
3c Road Base 90 CcY $ 100.00 | $ 9,000
4 Intake and Outlet Conduit Modifications $ 207,000
4a Unlisted Items (10%) $ 18,800
4b 21" Steel Conduit 300 LF $ 200 [ $ 60,000
4c Concrete Encasement 20 CcY $ 700 [ $ 14,000
4d Backfill Grout-Reline Conduit 60 CY $ 900 | $ 54,000
4e 21" Slide Gate 1 LS $ 60,000 | $ 60,000
Items 2 through 4 Subtotal | $ 3,597,000
All Items Subtotal (Construction Subtotal){ $ 4,004,000
Contingency (30% of Construction Subtotal)] $ 1,202,000
Engineering and Construction Management (18% of Construction Subtotal)| $ 721,000
Environmental Permitting and Legal Allowance| $ 50,000
- |Land Acquisition | 1 | Ace [$ 4,000.00 | $ 4,000
Totall $ 5,981,000




Breach Dam/ Do Nothing

Item L. . . .
Number Item Description Quantity Unit Unit Cost Total Cost
1 General Requirements $ 145,000
la Unlisted Items (10%) $ 13,130
Mobilization, Demobilization
1 i) _ 0
1b and Preparatory Work ! 10% 3 61,300
1c Reclamation 7 Acre $ 10,000 | $ 70,000
5 Restore Channel $ 613,000
5a Unlisted Items (10%) $ 55,700
5b Excavation and Spoil 76,000 CY $ 7% 532,000
5c Remove and dlsposg of Existing 1 s $ 20,000 | $ 20,000
Intake Tower and Bridge
5d Abandon Outlet Works 1 LS $ 5,000 | $ 5,000
[tems 5 Subtotal | $ 613,000
All Items Subtotal (Construction Subtotal)] $ 758,000
Contingency (30% of Construction Subtotal)| $ 228,000
Engineering and Construction Management (18% of Construction Subtotal)| $ 137,000
Environmental Permitting and Legal Allowance| $ 50,000
Total| $ 1,173,000
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LA PLATA RIVER COMPACT

An act granting the consent and approval of Congress to the La Plata River compact,
(Act of January 29, 1925, ch, 110, 43 Stat. 796) S

[Consent of Congress to Compact.]—The consent and approval of Congress
is hereby given to the compact signed by the commissioners of the States of
Colorado and New Mexico at the city of Santa Fe, on the 27th day of November
1222, and approved by the Legislature of the State of Colorado by an act entitled
“An act to approve the La Plata River compact,” April 13, 1923, and by the

and approving the La Plata compact,” approved February 7, 1923, which com-
pact is as follows:
“The State of Colorado and the State of New Mexico, desiring to provide
for the equitable distribution of the waters of the La Plata River and to remove

21l causes of present and future controversy between them with respect thereto,

znd have named as their commissioners Delph E. Carpenter, for the State of
Colorado, and Stephen B. Davis, Junior, for the State of New Mexico, who
bave agreed upon the following articles:

“ARTICLE 1

“The State of Colorado, at its own expense, shall establish and maintain two
permanent stream-gauging stations upon the La Plata River for the purpose of
measuring and recording its flow, which shall be known as the Hesperus station
znd the interstate station, respectively. :

“The Hesperus station shall be located at some convenient place near the
village of Hesperus, Colorado. Suitable devices for ascertaining and recording
the volume of all diversions from the river above Hesperus station shall be estab-
Eshed and maintained (without expense to the State of New Mexico), and when-
ever in this compact reference is made to the flow of the river at Hesperus sta-
Zion it shall be construed to include the amount of the concurrent diversions
zbowe said station.

“The interstate station shall be located at some convenient place within one
mile of and above or below the interstate line. Suitable devices for ascertaining
and recording the volume of water diverted by the Enterprise and Pionee
Canals, now serving approximately equal areas in both States, shall be established
and maintained (without expense to the State of New Mexico), and whenever
in this compact reference is made to the flow of the river at the interstate st2-
sion it shall be construed to include one-half the volume of the concurrent diver-
sions by such canals, and also the volume of any other water which may hereafter
be diverted from said river in Colorado for use in New Mexico.

“Each of said stations shall be equipped with suitable devices for recording the
Sow of water in said river at all times between the 15th day of February and the

Legislature of the State of New Mexico by an act entitled “An act ratifying

=nd being moved by considerations of interstate comity, pursuant to Acts of their
respective legislatures, have resolved to conclude a compact for these purposes
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«The waters of the La Plata River are hereby equitably apportioned bet
the signatory States, including the citizens thereof, as follows:

«1. At all times between the Ist day of December and the 15th day of the
succeeding February each State shall have the unrestricted right to the use of all
water which may flow within its boundaries.

“9, By reason of the usual annual rise and fall, the flow of said river between
the 15th day of February and the Ist day of December of each year shall be
apportioned between the States in the following manner:

“(a) Each State shall have the unrestricted right to use all the waters within
its boundaries on each day when the mean daily flow at the interstate station is
one hundred cubic feet per second, or more. - .

“(b) On all other days the State of Colorado shall deliver at the interstate
station a quantity of water equivalent to one-half of the mean flow at the
Hesperus station for the preceding day, but not to exceed one hundred cubic

feet per second.
«3  Whenever the flow of the river is so low that in the judgment of the State

engineers of the States the greatest beneficial use of its waters may be secured by
distributing all of its waters successively to the lands in each State in alternating
periods, in lieu of delivery of water as provided in the second paragraph of this
article, the use of the waters may be so rotated between the two States in such
manner, for such periods, and to continue for such time as the State engineers
may jointly determine.

“4, The State of New Mexico shall not at any time be entitled to receive nor
shall the State of Colorado be required to deliver any water not then necessary
for beneficial use in the State of New Mexico.

«5 A substantial delivery of water under
deemed a compliance with its provisions and mi
larities in flow or delivery shall be disregarded.
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“ArTICLE V

“T hysical and oth diti uliar to the La Plata River and th
he physical and other conditions peculiar to the La Vi e oY

territory drained and served thereby constitute the basis for this compact, and
neither of the signatory States concedes the establishment of any general principle
or precedent by the concluding of this compact.
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“ARTICLE V1

“This compact may be modified or terminated at any time by mutual consent
of the signatory States, and upon such termination all rights then established

hereunder shall continue unimpaired.

“ArTicLE VII

“This compact shall become operative when approved. by the legislature of
each of the signatory States and by the Congress of the United States. Notice of
approval by the legislatures shall be given by the governor of each State to the
governor of the other State, and the President of the United States is requested
to give notice to the governors of the signatory States of approval by the Congress
of the United States. -

“Tn witness whereof, the commissioners have signed this compact in duplicate
originals, one of which shall be deposited with the secretary of state of each of the
signatory States.

“Done at the city of Santa Fe, in the State of New Mexico, this twenty-
seventh day of November, in the year of our Lord one thousand nine hundred

and twenty-two.” (43 Stat. 796)

“DerrE E. CARPENTER.
“StepuHEN B. Davis, Junior.”

ExpLaNATORY NOTES

- Not Codified. This Act is not codified in 346 in the 68th Congress. H.R. Rept. No.
1076.

the U.S. Code.
Legislative History. S. 1656, Public Law

N¢
1. Application

¢ The right of a veteran to refund
the act of February 21, 1925, of «

paid by him on a reclamation hon
entry which he relinquishes prior to
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RED MESA WARD RESERYOIR, THE SUPTPLY nreey and THF OUTLET DITOH
(Wnter Diabkrict Ho, 373)

combined Ditch Priority No. 1965-2
Reservolr Priority No., 1945-1

THE GQURT FINDS THAT:
1. The Suvply Diteh, Hed Fesa Ward Reserveolr and The Cutlet

M teh eombine to form »n irrisaklieon system, btabiop water from Hay
- L]

rmleh Herervolr and the la Pinta River.
2. The olatmant 1s The Red Mesa Waprd Reaervolr sand Ditch

Company, A “olerndo corporntlon whose addresas is ¥ Beb LK. Tayler
I v 1 » L]

Reut® 1, Rox 112, Hesperus, Colorsdo.

3. The sources from which the appropriatlons are made Aare

the TAa Plakta River nand Hay Gulch.
i, The points of diversion of ditches nand other structures

for diverting water nnd the location of reservnirs for storing water

are as follows:
a. THE SUPPLY DITCH. This ditch carries water from the

Ia Plata River to Red Mesa Ward Reservelr, The preint of Alrersion

e lacabed np the vesl boanhoof Lhe 1A Plnts Hyver whene bhe

neerthuant cappspr of Goattoen 240 Pounship N Hepth, Ranpe 122 Wost,

Veat, oh5.3 feet. The conrse nf the

N.M.P.M., benrs Horth 527640

d1tch is westerly from the point of diversioen to the polnt where

it enters Red Mesa Ward Reservelr. The Aiteh is 2.0 Teet deep at high

water line; 14.00 feet wide at high water 1ine and 12.00 feet wide

at its bottom. Its present and proposed carryvings capacity 1s 120

cubic feet of water per second of hlm2.
b. RED MESA WARD RESERVOIR. This reservolr stores water

from the La Plata River and Hay fGulch, [t is created by a dam across

Hay Gulch =nd 1s located upon portionz of each quarter of Section

22 and the Nerth Half of the Nerthwent Quarter of Sectlen 77,

a1l in Tewnabip 3 Horth, Hanee 12 Weal, H.M. .M., To Tlate Teunty,

STervaay wurrnl ULUTCH & QUTLET DITCH:
William 3, Eakes, Attoruney




Colorado., The dsm 12 an enrkh_fllleﬂ atructura which tmponnds

A hody of water with A surface area ol nbout 97 acren, a depth

of 6.0 feet and a present cnpnolty of 1176 nere feet of waber,

This reservolr 18 the lirat ghage of the preposed constructien

of A rerervelr of o dapth of 75 feeb, a nurface area of about

180 anrea and 8 atornge capnclty of 4,07h .28 ncre fect of water.

The outlet of the reservelr 1o by a tununl 1n the east dide of the

asm whklch dlscharpes inte a ditch named The Outlet Ditch. The

outlet gate of the reservolr 1g located In tlrz dam where the outlet

tunnel Trom the reservolr ljeads intec Hay Gulch at a point whence

the northeast corner of Section 27, Township 34 Horth, Range 12

West, N.M.r.M., bears North £9°28' East, 4686 feeb.

¢. The Outlet Ditch, This dltch carries storage wnter

from the tunnel outlet in the dam, down the channel of Hay Gulch

for approximately one mile, and the channel of the La Plata River

for about 370 feet, using those nnatural watercourses Aas a condult,

to a polnt on the east bank of the la Plata River, located about

370 feet below the confluence of Hay Gulch and the La Plata River,

whence it lenves. and diverts 1bs water from, the La Flata River

and follows 3 renerally aoutherly course for about 13,&21 feat,

to the lands irrigated and to be irrigated from sald diteh, The

ditch 1s 14 feet wide at high water line, 1.P feet fcep at high

water line and 10 feet wilde at i1ts bottom. Its present and proposed

carrving capacity 13 70 cubic feet of water per seconi of time.

5, The purpose of thils jrrigatlon syatem, and the appropriatlions

pf water made therefor, 18 to providie irripation water for a total

of b, 6110 acres of land, of which 3,660 acres of land are now being

jrrigated by water from the project. The water claimed hereby will

be used for irrigation, domestic, municipal, industrin} recreation,

fish and wildlife, flood control and other beneficial purpo3es.

A, Worlk was commenced on thesn ditchas and thisrenervolr

s son WHALD BSOBHVULIL, SUPFLY DITCH & OUlLEL DIUVCH:
William 35, Eakes, Attorney
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by actusl construction beginning prior to April 30, 1905, and has
centinued thereafter, and is continuine, with due dillpgence. The first
stage of the construction, bullding the reservoir to Jts present
eapacity of 1,174 acre fast, has been completed, and eunglncering,
prlanning and other work 13 continued with due d1)igence on the second
etage of the system.

7. The waters claimed by these approprliations are storage
rights as follows:

a., The right to presently store 1,174 acre feet of water in
Red Mesa Ward Beservolr from Hay Gulch and frem The Supply Ditch from
the L2 Plata River limited to a diversion of 120 cubic feet of water
per second of time,

b. The right to store an additional 2,898.28 acre feet of
water in Hed Mesa Ward Reservolir, thereby increasing the total storage
to b,07L .2° acre feet of water, from Hay Gulch and from The Supply
Diteh from the Ia Plata River, from sither cor both, conditioned only
unttl the application of Lhe candit)ional atornpe water to beneficinl
nse,

A. The following fllings have been made in the Office of the
State Enpineer. Map and Statement of the Red Mesa Ditch and BReservolr
on December 2, 1909; Amended Map and Stntement of the Red Mesa Ditch
and Reservolr on March 14, 1932; and Amended Map and Statement of the
Red Mesa Ditch and Reservolr on October 15, 1945,

IT IS THEREFORE ADJUDGED AND DECREED that The Supply Ditch,
Red Mesa Ward Reservolr and The Outlet Ditch are hereby awarded and
decreed the followlng water rights, with histeric priority date prior
to April 30, 1905, and Decreed date- Aupusf 18, 1912, for irrigation,
domestic, municipal, industrial, recreation, fish and wildlife,
flood control and other beneficial purposes, to-wit:

1. The right to preneﬁtly store 1,176 acre feet of water in

Red Mesa Ward Heservoir from Bay Culch and from The Supply Ditch

RISD FESA WARD RESERVO1R, SUPFLY DITCH & QULLET DI'TCH:

William S, Eakes, Attorney
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from the Ia Flata River, from elther source or both, bukt with the

water from the Ia FPlats Rirer Jimited to n dlversion of 120 rubic
frot of water per second of time,

2, The right teo store an additlonai 2,89P,2R acre feet of
water in Red Mesa Ward Reservolr, thersby jncreasing the total
storage to ",074.2R acre feet of water, from Hay OGnlch and from
The Supply Ditch from the La Plata River, from either sourcs or both,
conditioned only until the spplicatlon of the addlitional storage
water to a baneficis) use. This additional 2,898.28 acre feet of
water shall be adjudicated and made absclute when it shall be shown,
in a subsequent proceeding, to have been applied to beneficlal use
with reasonablé diliéence.

IT 1S FURTHER ADJUDGED AND DECREED that the prioritles herein
swarded and decresed ares hereby numbered ss Reservoir Priority
No. 1965-1 and that The Supply Ditch and The Outlet Ditch are
hereby numbered as combined Friority No. 1965-¢, subjeet to 811 of

the peneral limitations and rrovisions 1n this decree,

BED FESA WARD RESERVOIR, SUPPLY DITCH & OUTLET DEPCH:

William S, Eakes, Attorney
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Red Mesa Ward Reservoir Enlargement 13 JULY 2015

1. INTRODUCTION

1.1 BACKGROUND
The Red Mesa Ward Reservoir (RMWR) is located in Hay Gulch, a tributary to the La Plata

River, in southwestern Colorado. It provides storage for irrigation water. AECOM Technical
Services Inc. (AECOM) was retained by Red Mesa Reservoir and Ditch Company to perform a
feasibility study related to replacement of the spillway and potential enlargement of the reservoir
capacity. The feasibility study includes the evaluation of two enlargement scenarios. The first
involves increasing the current capacity of the reservoir (1176 AF) by 250 AF; the second

involves increasing the capacity by 550 AF.

To address the evaluation of water availability for the enlargement components of the feasibility
study, AECOM contracted Hertzman Consulting, LLC (HC) to prepare a computer simulation of
the proposed enlargements using the La Plata River operational model documented in Hertzman
(2014). The operational model was developed in 2013-2014 by HC for the La Plata Water
Conservancy District, utilizing grant funding from the Colorado Water Conservation Board and
funding from the Colorado Water Resources and Power Development Authority, to serve as an

operational aide for the new Long Hollow Reservoir (LHR) completed in 2014.
1.2 OBJECTIVES
The modeling was designed to address the following objectives:
1. To predict the end-of-month volume for the RMWR for each month in the model’s
simulation period (October 1974-September 2009) , for each of the two enlargement

scenarios, under the assumption that the proposed enlargements had been in place for the

entire simulation period.
2. To predict monthly and annual diversion into storage under each scenario.

3. To estimate the change in total volume delivered from RMWR either to its member
ditches or for release to other locations as a result of the two proposed enlargement
scenarios, compared to the no-enlargement (hereafter referred to as the "No-Action")

scenario.

4. To predict the flow through the reservoir’s supply ditch under each scenario.
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5. To predict the impact on LHR by comparing the predicted end-of-month volume of LHR
under the No-Action scenario with the predicted volume under each of the two proposed

enlargement scenarios.

6. To predict the changes to net evaporation from the reservoir resulting from each proposed

scenario.

2. PROCEDURE

2.1 STRATEGY

During the development of the La Plata River Operation Model, it was noted that the calibrated
model under-predicted releases from RMWR (Hertzman 2014, p. 26), a byproduct of the manner
in which losses to evapotranspiration (ET) were simulated in the model. The model concentrated
all ET losses at a single node below the reservoir ditches. In reality, ET occurs all along the reach
of Hay Gulch from the reservoir down to and past the reservoir ditches on the main channel of the
La Plata River. Historically, a greater volume of flow has been released from RMWR than the
model predicted, because some of that released flow is consumed by ET before it arrives at the
ditch headgates. Figure 1(from Hertzman 2014) demonstrates the under-prediction of releases
from RMWR in the calibrated model.
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Figure 1: Calibration at Red Mesa Ward Reservoir




Red Mesa Ward Reservoir Enlargement 13 JULY 2015

The first step of the modeling process, therefore, was to determine whether use of the calibrated
model would also result in under-predicting releases, and therefore under-predicting the volume

of flow needed to fill the enlarged reservoir.

In order to identify the cause of the discrepancy between predicted and observed level in the
calibrated model, a comparison was made between the predicted end-of-month content in the
“baseline” run vs. measured historical releases. The baseline run is identical in most respects to
the calibrated model with one major exception. In the calibrated model, demand at each ditch was
set to match the historical diversions to that ditch. In the baseline model, on the other hand, the
demand at each ditch was calculated using the State Consumptive Use (StateCU) model, based on
acreage of irrigated lands, crop type, elevation, and similar factors. All predictive runs in the

original model were performed using the baseline conditions.

The calculated demand from each of the reservoir ditches in the baseline model proved to be
significantly higher than the historical diversion used as demand for the calibrated model. This
difference can probably be attributed to one or more factors: inability of the river channel to
deliver as much flow as desired to the reservoir ditches because of losses to ET; fallowing of land
that was not taken into account by the StateCU model; and/or less-than-optimal operation of the

river system.
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Figure 2: Baseline Prediction vs. Historical EOM Contents in Red Mesa Ward Reservoir

Figure 2 presents the results of using the baseline (calculated) demand at the reservoir ditches,
rather than the historical demand used for the calibration. Using the baseline demands, the
reservoir is predicted to almost empty in most years of the simulation, a behavior much closer to

the observed end-of-month values than that of the calibration.
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It is concluded that using the baseline demands at the reservoir ditches will result in an over-
prediction of drawdown from the reservoir, generally in the range of 100-200 AF in a year. For a
water supply analysis, this is a conservative choice, as the model will tend to demand more water

to fill the nearly-empty reservoir each year.

In conclusion, it was deemed appropriate and conservative to model the two enlargement
scenarios by using the calibrated model, based on the original PO1 scenario that included baseline

demands as well as the operation of LHR.

2.2 PREDICTIVE RUNS

Two predictive runs were developed: P06, which modeled the effects of a 250-AF enlargement of
the reservoir, and P07, which simulated a 550-AF enlargement. For each scenario, a few simple
changes were made to the P01 scenario from the original model, which included the effects of

LHR on the river system. These changes included:

1. The RMWR capacity was increased from its present value of 1176 AF to 1426 AF (for
P06) or 1726 AF (for PO7). The additional capacity was allocated proportionately to each

of the existing reservoir accounts.

2. The tables that relate reservoir volume to surface area were updated by adding two more
entries: one for the 250-AF enlargement (67 acres) and one for the 550-AF enlargement
(75 acres) (e-mail from Dennis Miller/AECOM to HC, 6/12/2015) . These tables are used

by the model to calculate evaporation.

3. The decree for the existing water right used to fill the reservoir was increased to match

the new capacity of the reservoir, reflecting the application of conditional water rights.

4. The fill target for the reservoir was increased to the new capacity of the reservoir, so that
the model would attempt to fill the reservoir completely whenever sufficient water was

available in priority, following the single-fill-per-year rule.
For each of the new scenarios, the model was run using a daily timestep for the entire simulation
period. In addition, the PO1 scenario was rerun for use as the no-action scenario.
3. RESULTS

3.1 PREDICTED END-OF-MONTH CONTENTS IN RMWR

Figure 3 presents the predicted end-of-month content of RMWR for the no-action scenario and

the two enlargement scenarios. The corresponding table is presented in Appendix A.
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For the 250-AF enlargement, the model predicts that sufficient water is available to completely
fill the reservoir in 13 of the 35 years modeled. In addition, at least some of the new capacity is
filled in an additional 5 years. For the 550-AF enlargement, the model predicts that the reservoir
will be able to completely fill in the same 13 of the 35 years modeled. Given the conservatively
high demand applied to the reservoir ditches, it is likely that the actual storage volumes on those
years in which the reservoir is only partially filled will be, on average, 100-200 AF higher than

shown on the figure.
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Figure 3: Predicted End-of-Month Content in RMWR

3.2 PREDICTED DIVERSION INTO STORAGE

The monthly volume of water predicted to be diverted into storage in RMWR is presented in
Figure 4.Figure 5shows the predicted increase in annual storage over the no-action scenario of the
two enlargements scenarios. Figure 5 also plots the long-term average annual increase in

diversion to storage. The corresponding tables are presented in Appendix B.

As the figure and table for monthly storage show, the additional storage in the reservoir is in
general met by slightly longer filling seasons. The repeated exception occurs in March of a
number of years for the 550-AF scenario, when a greatly increased (from the base case) volume

of water is diverted into storage.
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The figure and table for annual storage show that the expected long-term annual average increase
in storage is somewhat less than half of the new capacity, reflecting the prediction that the

additional capacity will not be used in approximately half of the years of the simulation.
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Figure 4: Predicted Monthly Diversion into Storage in RMWR
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Figure 5: Predicted Increase of Annual Diversion into Storage in RMWR
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3.3 PREDICTED CHANGE IN DELIVERY TO RESERVOIR DITCHES

Assuming that additional water stored in an enlarged reservoir would be used to enhance the
irrigation water supply, the addition of storage to the reservoir can be expected to increase the
amount of water that can be delivered to the reservoir ditches in those years in which the
additional space is filled. Because the model does not attempt to simulate the ET between the
reservoir and its ditches, the model’s prediction for absolute volumes delivered to each of its
client ditches is likely to be too high. However, the relative differences in delivery between the
no-action scenario and the two enlargement scenarios is likely to be somewnhat representative of
the actual difference that would be observed were one or the other of the enlargements to be

implemented.

Figure 6, Figure 7, Figure 8, and Figure 9 present the predicted change in total delivery to each of
the four client ditches relative to the base case, averaged across the 35-year model period for each
month separately. In other words, for the “July” data point, eachgraph shows the result of
calculating the average of the predicted total delivery in July for all 35 years for a given scenario,
then subtracting the same average calculated using the no-action scenario. Note that the graphs
plot total delivery, not just delivery from storage in RMWR. As the tables in Appendix C show,

the vast majority of the difference is a result of extra volume delivered from storage.

Because the extra capacity of the reservoir is only predicted to be utilized in approximately half
of the 35 years modeled, the actual increase in delivery is likely to be of greater magnitude than
shown in years in which the reservoir fills, and of lesser magnitude in years in which the

additional capacity is not filled.
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Also of note in Figure 9 is the prediction of a very slight decrease in total delivery in an average
March, relative to the no-action case. This results from a decrease in adjudicated flow to the ditch
from the river, presumably because the reservoir (administration number 23914.20208) is pre-

empting Warren-Vosburgh’s lowest-priority right (27918.00000) to fill the new capacity.
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Figure 6: Predicted Average Monthly Increase in Total Diversion, Old Indian Ditch
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Figure 7: Predicted Average Monthly Increase in Total Diversion, Joseph Freed Ditch
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Figure 8: Predicted Average Monthly Increase in Total Diversion, Revival Ditch
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Predicted Increase in Monthly Average Diversion
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Figure 9: Predicted Average Monthly Increase in Total Diversion, Warren-Vosburgh Ditch

3.4 PREDICTED DAILY FLOW THROUGH RESERVOIR SUPPLY DITCH

Diversion 330563, the Red Mesa Ward Reservoir Supply Ditch, was modeled using a maximum
capacity of 120 CFS with no leakage. Because the actual leakage is estimated to comprise only a
small percentage of the total flow through the ditch (personal communication from Dennis Miller,
AECOM, 7/6/2015), this approximation was deemed adequate. Figure 10 presents the predicted
daily flow through the supply ditch for the entire simulation period. Figure 11 presents the same
data, plotted only for the calendar year 1997, a representative year, in order to reveal details that
cannot be distinguished on the graph of the full simulation period .The corresponding table is

presented in Appendix D.

Figure 11 demonstrates a typical annual pattern. The reservoir fills during the winter. For the
scenarios with increased reservoir capacity, the rate of winter fill vs. the no-action scenario does
not change greatly, but the duration increases. Then, during a single large precipitation event in
September, a large amount of water becomes available in priority for a very brief period. Whether
the water commissioner can actually react quickly enough to capture this short-term flow,

assuming that the one-fill rule has not already been met for the year, is an open question.

10
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Figure 10: Predicted Daily Inflow from Supply Ditch, 1974-2009
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Figure 11: Predicted Daily Inflow from Supply Ditch, 1997
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3.5 PREDICTED EFFECTS ON LONG HOLLOW RESERVOIR

Figure 12 and Appendix E presents the predicted end-of-month content for Long Hollow
Reservoir for the three scenarios. In general, the enlargement of RMWR is predicted to result in a
slight increase in volume in LHR, particularly during the years when LHR doesn’t fill
completely, presumably due to increased return flow into Long Hollow resulting from higher

delivery volumes to the reservoir ditches.
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Figure 12: Predicted Effects on Long Hollow Reservoir

3.6 PREDICTED EVAPORATION FROM RMWR

The predicted monthly net evaporation from the reservoir (defined as the total evaporation less
the total precipitation, implying that the number can be negative during periods when evaporation
is less than precipitation) is presented in Figure 13 and appendix F. Due to the larger surface area
during those years in which the additional capacity of the reservoir is used, the summertime net
evaporation increases over the no-action case, generally by five or fewer acre-feet in the peak
month of the year. Correspondingly, the winter-time net evaporation becomes more negative, for
the same reason.

12
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Figure 13: Predicted Monthly Net Evaporation from RMWR

4. DISCUSSION AND CONCLUSION

When interpreting the results of a model, it is necessary to understand its limitations. All of the
limitations discussed in section 6.1 of the original modeling report apply to this predictive
exercise as well. Models have limitations of precision and accuracy, deriving from simplifying
assumptions and the possibility of inaccurate or incomplete input data. The model’s results
should appropriately be understood as approximate, to be interpreted in conjunction with

professional judgment and expert experience.

Furthermore, the model is based on the precipitation that occurred during the period from 1974-
20009. Its predictions therefore assume a similar precipitation regime. Should the actual amount
and pattern of precipitation in the future vary greatly from that experienced between 1974 and

2009, the results may look quite different from those predicted by the model.

Given these limitations, the results of the modeling suggest that sufficient water will be available
to partially or fully utilize the enhanced storage capacity proposed for the Red Mesa Ward
Reservoir in roughly half of the years simulated. Effects on Long Hollow Reservoir are likely to

be small and positive. A modest amount of additional volume will be available for delivery to the

13
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reservoir ditches or sale to other parties during those years when the additional capacity can be
utilized.
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Appendix A: Predicted End-of-Month Contents in RMWR

Month No 250 AF 550 AF Month No 250 AF 550 AF Month No 250 AF 550 AF
action action action
1974-10 61.95 61.95 61.95 1978-09 0.00 0.00 0.00 1982-08 31.17 29.09 2917
1974-11 104.67 104.68 104.68 1978-10 0.00 0.00 0.00 1982-09 31.17 29.09 29.17
1974-12 283.01 283.02 283.02 1978-11 9.21 9.21 9.21 1982-10 31.17 29.09 29.17
1975-01 486.73  486.74  486.74 1978-12 9.21 9.21 9.21 1982-11 220.35 21823  218.39
1975-02 634.31 63432 634.32 1979-01 9.21 9.21 9.21 1982-12 526.18 52471 524.88
1975-03 1084.23 1084.23 1084.23 1979-02 31.11 31.12 31.12 1983-01 903.91 902.47 902.68
1975-04 1112.39 111242 111243 1979-03 431.01  431.02  431.02 1983-02 1175.98 1288.24 1288.46
1975-05 1153.87 1153.90 115391 1979-04 546.19 546.20 546.20 1983-03 117598 142598 1725.97
1975-06 726.15 765.59 765.62 1979-05 763.53 763.44 763.43 1983-04 1175.80 1425.74 1725.60
1975-07 35.41 38.95 43.71 1979-06 384.01  383.94  383.93 1983-05 1175.49 142541 1725.34
1975-08 4.82 6.93 7.21 1979-07 26.45 26.75 26.84 1983-06 1061.94 1308.81 1604.52
1975-09 4.82 6.93 7.21 1979-08 26.45 26.75 26.84 1983-07 341.33 582.01 874.49
1975-10 4.82 6.93 7.21 1979-09 22.99 23.29 23.38 1983-08 34.24 43.84 100.81
1975-11 181.75 183.76 184.03 1979-10 22.99 23.29 23.38 1983-09 33.27 42.86 51.27
1975-12 348.85 350.79 351.06 1979-11 227.81 228.12 228.20 1983-10 33.27 42.86 51.27
1976-01 42159 42347 42374 1979-12 473.45 47376  473.84 1983-11 422.40  432.02  440.46
1976-02 536.95 538.78  539.05 1980-01 650.10 651.54  651.62 1983-12 687.93 69752  705.99
1976-03 542.12 54394 54421 1980-02 814.05 817.02  817.10 1984-01 880.91 890.71  899.29
1976-04 538.77  540.59  540.87 1980-03 117598 1203.19 1203.22 1984-02 1094.27 1104.09 1112.70
1976-05 532.72 53457 534.84 1980-04 1175.80 1303.05 1303.11 1984-03 117598 142598 1725.97
1976-06 0.00 0.00 0.00 1980-05 1175.49 1350.43 1350.60 1984-04 117396 1423.39 1721.85
1976-07 0.00 0.00 0.00 1980-06 1071.49 1320.62 1347.92 1984-05 1174.60 142437 1724.16
1976-08 0.00 0.00 0.00 1980-07 33.91 41.99 50.89 1984-06 200.90 266.13  352.82
1976-09 0.00 0.00 0.00 1980-08 33.91 41.99 50.89 1984-07 21.72 29.68 37.81
1976-10 0.00 0.00 0.00 1980-09 36.00 44.00 53.00 1984-08 16.76 24.74 32.94
1976-11 95.03 95.05 95.05 1980-10 36.00 44,00 53.00 1984-09 16.76 24.74 32.94
1976-12 95.03 95.05 95.05 1980-11 305.74 313.77 322.88 1984-10 25.69 33.66 41.87
1977-01 95.03 95.05 95.05 1980-12 523.49  531.60  540.75 1984-11 2341 31.31 39.47
1977-02 95.03 95.05 95.05 1981-01 619.35 627.45  636.54 1984-12 311.60 319.63  327.82
1977-03 105.40  105.42 105.43 1981-02 71528 72339 73243 1985-01 680.70 688.74 696.93
1977-04 105.40  105.42 105.43 1981-03 802.68 810.78  819.81 1985-02 982.09  990.24  998.50
1977-05 102.19 10221 102.22 1981-04 900.14 908.30  917.33 1985-03 1175.98 142598 1725.97
1977-06 0.00 0.00 0.00 1981-05 898.10 906.17 915.12 1985-04 117525 142504 1724.48
1977-07 0.00 0.00 0.00 1981-06 32.19 39.90 48.55 1985-05 1175.49 142541 1725.34
1977-08 0.00 0.00 0.00 1981-07 32.19 39.90 48.55 1985-06 303.42 53272  808.39
1977-09 0.00 0.00 0.00 1981-08 0.00 0.00 0.00 1985-07 35.60 43.38 52.11
1977-10 0.00 0.00 0.00 1981-09 0.00 0.00 0.00 1985-08 35.60 43.38 5211
1977-11 0.00 0.00 0.00 1981-10 0.00 0.00 0.00 1985-09 48.59 56.53 65.47
1977-12 0.00 0.00 0.00 1981-11 125.33 12544  125.58 1985-10 51.11 59.05 67.99
1978-01 0.00 0.00 0.00 1981-12 239.15 23943  239.66 1985-11 435.01  443.08  452.06
1978-02 0.00 0.00 0.00 1982-01 480.11  480.40  480.63 1985-12 764.87 77297  781.92
1978-03 0.00 0.00 0.00 1982-02 708.99  709.28  709.51 1986-01 117598 1203.48 121255
1978-04 123.04 123.04 123.04 1982-03 107551 1075.82 1076.07 1986-02 117598 142598 1725.97
1978-05 14595  145.95 145.99 1982-04 1141.13 1141.46 1141.72 1986-03 1175.98 142598 1725.97
1978-06 0.41 0.43 0.53 1982-05 1175.49 118295 1183.22 1986-04 1175.80 1425.74 1725.60
1978-07 0.00 0.00 0.00 1982-06 106.94  109.12 109.32 1986-05 1175.01 1424.85 1724.71
1978-08 0.00 0.00 0.00 1982-07 31.01 28.68 28.64 1986-06 21356  439.63  727.94

A-1
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Month No 250 AF 550 AF Month No 250 AF 550 AF Month No 250 AF 550 AF

action action action
1986-07 145.19 201.20 279.10 1990-12 395.54 396.50 397.55 1995-04 1170.48 1418.92 1714.75
1986-08 35.68 60.96 128.05 1991-01 451.23 452.60 454.05 1995-05 1172.08 1421.47 1720.92
1986-09 35.68 58.57 125.66 1991-02 598.04 599.48 601.02 1995-06 936.78 1182.25 1476.76
1986-10 1175.98 1425.98 1587.67 1991-03 993.03 994.61 996.30 1995-07 34.77 65.60 132.08
1986-11 1175.98 1425.98 1725.97 1991-04 995.34 996.92 998.62 1995-08 24.39 33.04 42.29
1986-12 1175.98 1425.98 1725.97 1991-05  982.16  983.73 98541 1995-09 24.39 33.04 42.29
1987-01 1175.98 1425.98 1725.97 1991-06 0.00 0.00 0.00 1995-10 24.39 33.04 42.29
1987-02  1175.98 1425.98 1725.97 1991-07 0.00 0.00 0.00 1995-11 75.26 83.95 93.27
1987-03 117598 142598 1725.97 1991-08 0.00 0.00 0.00 1995-12 215.98 225.07 234.82
1987-04 1175.80 1425.74 1725.60 1991-09 0.00 0.00 0.00 1996-01 349.70 358.81 368.61
1987-05 1170.62 1419.78 1719.02 1991-10 0.00 0.00 0.00 1996-02 550.60 559.72 569.52
1987-06 42349  653.80  932.37 1991-11  216.37 216.40 216.42 1996-03  808.12 817.25  827.06
1987-07 35.52 43.52 55.69 1991-12  220.38  220.40  220.43 1996-04 804.08 813.21  823.03
1987-08 16.67 24.74 33.36 1992-01  271.89 27194  272.00 1996-05 79290 80193 811.65
1987-09 16.67 24.74 33.36 1992-02 337.90 337.96 338.02 1996-06 0.00 0.00 0.00
1987-10 17.31 25.38 34.00 1992-03 673.70 673.77 673.84 1996-07 0.00 0.00 0.00
1987-11 537.40 545.47 554.14 1992-04 832.32 832.41 832.50 1996-08 0.00 0.00 0.00
1987-12  856.16  864.21  872.86 1992-05 1059.66 1059.78 1059.91 1996-09 0.00 0.00 0.00
1988-01 1175.98 1220.26 1228.95 1992-06 154.11  159.08  160.98 1996-10 2.36 2.36 2.37
1988-02 1175.98 1425.98 1504.99 1992-07 32.27 32.99 33.25 1996-11 82.82 82.98 83.19
1988-03 117598 142598 1725.97 1992-08 0.00 0.00 0.00 1996-12 754.58 754.80 755.09
1988-04 1173.60 1422.92 1721.10 1992-09 0.00 0.00 0.00 1997-01 1175.98 1216.91 1217.22
1988-05 1161.89 1408.90 1704.91 1992-10 0.00 0.00 0.00 1997-02 1175.98 1425.98 1679.29
1988-06 39.11 95.64 160.92 1992-11 43.60 43.63 43.64 1997-03 1175.98 142598 1725.97
1988-07 31.96 43.74 51.13 1992-12 43.60 43.63 43.64 1997-04 1175.80 1425.74 1725.60
1988-08 0.00 0.00 0.00 1993-01 58.35 58.39 58.40 1997-05 1175.49 142541 1725.34
1988-09 0.00 0.00 0.00 1993-02 78.12 78.16 78.18 1997-06 315.78 563.11 858.52
1988-10 0.00 0.00 0.00 1993-03 1175.98 1364.40 1364.42 1997-07 38.68 93.76 159.42
1988-11 222.75 222.86 222.94 1993-04 1175.80 1425.74 1725.60 1997-08 35.28 43.14 51.85
1988-12  441.08 44135 44154 1993-05 1175.49 142541 1725.34 1997-09  727.77  737.30  747.91
1989-01  659.81  660.23  660.46 1993-06  486.67  733.60 1027.47 1997-10 35345 36298  373.59
1989-02  775.88 77633  776.57 1993-07 35.48 43.64 50.70 1997-11 86441  874.00 884.63
1989-03 117598 142598 1725.97 1993-08 35.49 43.66 50.71 1997-12 1175.98 1243.06 1253.65
1989-04 1174.33 1423.86 1722.60 1993-09 35.48 43.65 50.70 1998-01 1175.98 1407.01 1417.61
1989-05 1159.29 1406.51 1703.07 1993-10 35.48 43.65 50.70 1998-02 1175.98 1425.98 1561.98
1989-06 7.25 19.86 27.92 1993-11 382.87 391.16 398.24 1998-03 1175.98 142598 1725.97
1989-07 0.00 0.00 0.00 1993-12 497.91 506.34 513.61 1998-04 1170.48 1418.92 1714.75
1989-08 0.00 0.00 0.00 1994-01 651.04 659.47 666.74 1998-05 1156.02 1402.20 1695.79
1989-09 0.00 0.00 0.00 1994-02 854.69 863.31 870.69 1998-06 31.09 65.52 129.05
1989-10 0.00 0.00 0.00 1994-03 1148.01 1156.63 1164.02 1998-07 31.09 43.22 49.21
1989-11 6.46 6.58 6.65 1994-04 117470 1190.86 1198.25 1998-08 12.16 24.34 30.48
1989-12 6.46 6.58 6.65 1994-05 117550 1195.13 1202.40 1998-09 0.00 0.00 0.00
1990-01 6.46 6.58 6.65 1994-06 35.60 39.15 47.82 1998-10 26.49 28.13 29.16
1990-02 11.72 11.93 12.04 1994-07 0.00 0.00 0.00 1998-11 246.83 248.83 250.09
1990-03 99.39 99.74 99.92 1994-08 0.00 0.00 0.00 1998-12 335.51 337.56 338.85
1990-04 102.07 102.42 102.60 1994-09 0.00 0.00 0.00 1999-01 353.69 355.85 357.19
1990-05 101.06 101.10 101.08 1994-10 0.00 0.00 0.00 1999-02 371.75 373.98 375.35
1990-06 0.00 0.00 0.00 1994-11 2.23 2.23 2.23 1999-03  906.90 909.18  910.59
1990-07 0.00 0.00 0.00 1994-12 55.95 55.95 55.98 1999-04  920.38  922.66  924.20
1990-08 0.00 0.00 0.00 1995-01 296.90 296.90 296.95 1999-05 909.39 911.65 913.17
1990-09 0.00 0.00 0.00 1995-02 761.56 761.55 761.62 1999-06 28.79 2951 29.80
1990-10 0.00 0.00 0.00 1995-03 1175.98 1425.98 1725.97 1999-07 28.79 2951 29.80
1990-11 390.92 391.82 392.81

A-2



Appendix A 13 JULY 2015

Month No 250 AF 550 AF Month No 250 AF 550 AF Month No 250 AF 550 AF
action action action
1999-08 303.46 304.19 304.48 2003-12 82.11 82.15 82.20 2008-04 1175.80 1425.74 1725.54
1999-09 30.52 32.36 33.56 2004-01 82.11 82.15 82.20 2008-05 1171.11 1420.34 1719.65
1999-10 30.52 32.36 33.56 2004-02 82.11 82.15 82.20 2008-06 24.43 33.51 81.45
1999-11 30.52 32.36 33.56 2004-03 1059.88 1059.96 1060.03 2008-07 0.00 0.00 0.00
1999-12 80.95 82.84 84.06 2004-04 1173.78 119859 1198.66 2008-08 0.00 0.00 0.00
2000-01 159.25 161.16 162.38 2004-05 1166.15 1204.92 1205.00 2008-09 0.00 0.00 0.00
2000-02  207.57 209.67 211.12 2004-06 0.00 0.00 0.00 2008-10 0.00 0.00 0.00
2000-03 433.04 435.13 436.59 2004-07 0.00 0.00 0.00 2008-11 167.95 168.40 168.84
2000-04 429.54 431.63 433.08 2004-08 0.00 0.00 0.00 2008-12 182.87 183.49 184.10
2000-05 423.77 425.89 427.36 2004-09 0.00 0.00 0.00 2009-01 303.16 303.95 304.69
2000-06 25.91 29.11 31.06 2004-10 0.00 0.00 0.00 2009-02 458.89 459.89 460.83
2000-07 0.00 0.00 0.00 2004-11 146.74 14753  147.62 2009-03  636.63 637.66  638.63
2000-08 0.00 0.00 0.00 2004-12  210.89  211.97 212.09 2009-04  634.63 635.66 636.63
2000-09 0.00 0.00 0.00 2005-01 564.63 565.87  566.00 2009-05  632.23  633.27 634.23
2000-10 0.00 0.00 0.00 2005-02 1175.98 1189.24 1189.36 2009-06 9.95 10.50 10.79
2000-11 0.00 0.00 0.00 2005-03 1175.98 142598 1725.97 2009-07 0.00 0.00 0.00
2000-12 291.60 291.62 291.63 2005-04 1175.80 1425.74 1725.60 2009-08 0.00 0.00 0.00
2001-01  629.20 629.23  629.25 2005-05 117549 142541 1725.34
2001-02  783.80 783.84 783.86 2005-06 62.95 11949  186.98
2001-03 1118.36 1118.40 1118.43 2005-07 0.00 0.00 0.00
2001-04 1175.80 118128 1181.31 2005-08 0.00 0.00 0.00
2001-05 1173.63 121128 1211.31 2005-09 0.00 0.00 0.00
2001-06 32.46 33.20 33.11 2005-10 0.00 0.00 0.00
2001-07 0.00 0.00 0.00 2005-11 112,10 11246  112.93
2001-08 0.00 0.00 0.00 2005-12  522.86 523.38  524.06
2001-09 0.00 0.00 0.00 2006-01  835.37 835.97 836.78
2001-10 0.00 0.00 0.00 2006-02 990.64 991.35 992.33
2001-11 0.00 0.00 0.00 2006-03 1062.84 1063.66 1064.79
2001-12 2.40 241 2.42 2006-04 1074.96 1075.79 1076.91
2002-01 17.77 17.79 17.84 2006-05 1060.96 1061.78 1062.89
2002-02 40.53 40.58 40.70 2006-06 0.00 0.00 0.00
2002-03 40.53 40.58 40.70 2006-07 0.00 0.00 0.00
2002-04 40.78 40.83 40.94 2006-08 0.00 0.00 0.00
2002-05 40.78 40.83 40.94 2006-09 0.00 0.00 0.00
2002-06 0.00 0.00 0.00 2006-10 327.39 327.55 327.74
2002-07 0.00 0.00 0.00 2006-11 41319  413.88 414.71
2002-08 0.00 0.00 0.00 2006-12  507.37 508.19  509.08
2002-09 0.00 0.00 0.00 2007-01 587.07 587.96 588.94
2002-10 0.00 0.00 0.00 2007-02 822.43 823.35 824.38
2002-11 0.00 0.00 0.00 2007-03 1175.98 1383.94 1384.97
2002-12 0.00 0.00 0.00 2007-04 1175.80 1396.08 1394.18
2003-01 199.33  199.35  199.36 2007-05 1161.58 1382.03 1380.25
2003-02 542,98 543.00 543.02 2007-06 0.00 5.45 10.27
2003-03 542.98 543.00 543.02 2007-07 0.00 0.00 0.00
2003-04 539.59 539.60 539.62 2007-08 0.00 0.00 0.00
2003-05 533.07 533.08 533.10 2007-09 0.00 0.00 0.00
2003-06 0.00 0.00 0.00 2007-10 0.00 0.00 0.00
2003-07 0.00 0.00 0.00 2007-11 14.95 16.35 16.53
2003-08 0.00 0.00 0.00 2007-12  457.19  459.05  459.27
2003-09 0.00 0.00 0.00 2008-01 691.96 694.06 694.30
2003-10 0.00 0.00 0.00 2008-02 933.03 935.38 935.63
2003-11 82.11 82.15 82.20 2008-03 1175.98 142598 1725.97
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Appendix B1: Predicted Monthly Diversion into Storage in RMWR

Predicted Diversion into Increase from Predicted Diversion into Increase from
Storage no-action case Storage no-action case

No 250 AF 550 AF 250 AF 550 AF No 250 AF 550 AF 250 AF 550 AF

action action
1974-10 51.4 51.4 51.4 0 0 1978-10 0 0 0 0 0
1974-11 57.4 57.4 57.4 0 0 1978-11 9.2 9.2 9.2 0 0
1974-12 175.7 175.7 175.7 0 0 1978-12 0 0 0 0 0
1975-01 203.7 203.7 203.7 0 0 1979-01 0 0 0 0 0
1975-02 147.6 147.6 147.6 0 0 1979-02 21.9 21.9 21.9 0 0
1975-03 449.9 449.9 449.9 0 0 1979-03 399.9 399.9 399.9 0 0
1975-04 333 333 333 0 0 1979-04 1184 1184 1184 0 0
1975-05 56.1 56.1 56.1 0 0 1979-05 224.6 224.6 224.6 0 0
1975-06 87.4 133.2 133.2 45.8 45.8 1979-06 124.6 124.6 124.6 0 0
1975-07 125 125 125 0 0 1979-07 7.9 7.9 7.9 0 0
1975-08 0 0 0 0 0 1979-08 0 0 0 0 0
1975-09 0 0 0 0 0 1979-09 0 0 0 0 0
1975-10 0 0 0 0 0 1979-10 0 0 0 0 0
1975-11 176.7 176.6 176.6 -0.1 -0.1 1979-11 204 204 204 0 0
1975-12 162.9 162.9 162.9 0 0 1979-12 241.6 241.6 241.6 0 0
1976-01 72.7 727 727 0 0 1980-01 177.8 177.8 177.8 0 0
1976-02 115.4 115.3 115.3 -0.1 -0.1 1980-02 165.5 165.5 165.5 0 0
1976-03 5.2 5.2 5.2 0 0 1980-03 361.9 386.2 386.2 24.3 24.3
1976-04 0 0 0 0 0 1980-04 5.3 105.6 105.6 100.3 100.3
1976-05 0.4 0.4 0.4 0 0 1980-05 14.8 63.3 63.3 48,5 485
1976-06 0 0 0 0 0 1980-06 48.6 127.6 157.4 79 108.8
1976-07 0 0 0 0 0 1980-07 19.6 19.6 19.6 0 0
1976-08 0 0 0 0 0 1980-08 0 0 0 0 0
1976-09 0 0 0 0 0 1980-09 158.6 158.6 158.6 0 0
1976-10 0 0 0 0 0 1980-10 0 0 0 0 0
1976-11 95 95 95.1 0 0.1 1980-11 268.2 268.2 268.2 0 0
1976-12 0 0 0 0 0 1980-12 2153 215.3 215.2 0 -0.1
1977-01 0 0 0 0 0 1981-01 95.9 95.9 95.8 0 -0.1
1977-02 0 0 0 0 0 1981-02 95.9 95.9 95.9 0 0
1977-03 104 104 104 0 0 1981-03 88.1 88.1 88 0 -0.1
1977-04 0 0 0 0 0 1981-04 101.6 101.6 101.6 0 0
1977-05 0 0 0 0 0 1981-05 10.2 10.2 10.2 0 0
1977-06 0 0 0 0 0 1981-06 0 0 0 0 0
1977-07 0 0 0 0 0 1981-07 0 0 0 0 0
1977-08 0 0 0 0 0 1981-08 0 0 0 0 0
1977-09 0 0 0 0 0 1981-09 0 0 0 0 0
1977-10 0 0 0 0 0 1981-10 0 0 0 0 0
1977-11 0 0 0 0 0 1981-11 125.3 1254 125.6 0.1 0.3
1977-12 0 0 0 0 0 1981-12 112 112.1 112.1 0.1 0.1
1978-01 0 0 0 0 0 1982-01 241 241 241 0 0
1978-02 0 0 0 0 0 1982-02 228.9 228.9 228.9 0 0
1978-03 0 0 0 0 0 1982-03 366.5 366.5 366.6 0 0.1
1978-04 123 123 123 0 0 1982-04 70.8 70.9 70.9 0.1 0.1
1978-05 26.6 26.6 26.6 0 0 1982-05 49.3 56.4 56.5 7.1 7.2
1978-06 27.2 27.2 27.2 0 0 1982-06 17 1.9 1.9 0.2 0.2
1978-07 0 0 0 0 0 1982-07 0 0 0 0 0
1978-08 0 0 0 0 0 1982-08 37.1 37.1 37.1 0 0
1978-09 0 0 0 0 0 1982-09 0 0 0 0 0
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Predicted Diversion into

Increase from

Storage no-action case

No 250 AF 550 AF 250 AF 550 AF

action
1982-10 0 0 0 0 0
1982-11 188.6 188.7 188.8 0.1 0.2
1982-12 302.5 302.5 302.5 0 0
1983-01 376.9 376.9 377 0 0.1
1983-02 269.8 382.7 382.8 112.9 113
1983-03 0 138.2 438 138.2 438
1983-04 5.3 6.8 10.9 15 5.6
1983-05 14.8 17.1 19.3 2.3 45
1983-06 109.1 111.3 113.8 22 4.7
1983-07 38.8 38.8 38.8 0 0
1983-08 0 0 0 0 0
1983-09 0 0 0 0 0
1983-10 0 0 0 0 0
1983-11 387 387 387 0 0
1983-12 262 262 262 0 0
1984-01 192 192 192 0 0
1984-02 210.5 210.5 210.5 0 0
1984-03 81.7 321.9 613.3 240.2 531.6
1984-04 35 45 7.1 1 3.6
1984-05 15.7 18.5 21.9 2.8 6.2
1984-06 1.9 21 23 0.2 0.4
1984-07 0 0 0 0 0
1984-08 0 0 0 0 0
1984-09 0 0 0 0 0
1984-10 8.9 8.9 8.9 0 0
1984-11 21.7 21.7 21.7 0 0
1984-12 286.3 286.3 286.3 0 0
1985-01 369.1 369.1 369.1 0 0
1985-02 300 300 300 0 0
1985-03 193.9 435.7 7275 241.8 533.6
1985-04 48 6.1 9.8 13 5
1985-05 15.4 17.9 20.5 25 5.1
1985-06 90.3 90.3 90.3 0 0
1985-07 0 0 0 0 0
1985-08 0 0 0 0 0
1985-09 62.2 62.3 62.3 0.1 0.1
1985-10 25 25 25 0 0
1985-11 381.3 381.3 381.3 0 0
1985-12 326.2 326.2 326.2 0 0
1986-01 408 427.2 427.2 19.2 19.2
1986-02 0 221.2 510.3 221.2 510.3
1986-03 0 0 0 0 0
1986-04 5.3 6.8 10.9 15 5.6
1986-05 14.3 16.6 18.7 2.3 4.4
1986-06 18.2 18.2 18.2 0 0
1986-07 0 0 0 0 0
1986-08 0 0 0 0 0
1986-09 0 0 0 0 0
1986-10 1140.3 1367.4 1462 227.1 321.7
1986-11 0 0 137.6 0 137.6
1986-12 0 0 0 0 0

Predicted Diversion into

Increase from

Storage no-action case

No 250 AF 550 AF 250 AF 550 AF

action
1987-01 0 0 0 0 0
1987-02 0 0 0 0 0
1987-03 0 0 0 0 0
1987-04 5.3 6.8 10.9 15 5.6
1987-05 9.9 115 13 1.6 3.1
1987-06 97.3 100.2 102.5 29 52
1987-07 0 0 0 0 0
1987-08 0 0 0 0 0
1987-09 0 0 0 0 0
1987-10 0.6 0.6 0.6 0 0
1987-11 517.3 517.3 517.3 0 0
1987-12 314.8 314.8 314.8 0 0
1988-01 3174 352.8 352.9 35.4 355
1988-02 0 203.6 273.3 203.6 273.3
1988-03 0 0 221 0 221
1988-04 31 4 6.4 0.9 33
1988-05 33 33 33 0 0
1988-06 0.3 0.3 0.3 0 0
1988-07 0 0 0 0 0
1988-08 0 0 0 0 0
1988-09 0 0 0 0 0
1988-10 0 0 0 0 0
1988-11 222.2 222.3 222.3 0.1 0.1
1988-12 214.6 214.7 214.8 0.1 0.2
1989-01 218.7 218.9 218.9 0.2 0.2
1989-02 116.1 116.1 116.1 0 0
1989-03 400.1 649.6 949.4 249.5 549.3
1989-04 3.9 5 7.9 11 4
1989-05 0 0 0 0 0
1989-06 0 0 0 0 0
1989-07 0 0 0 0 0
1989-08 0 0 0 0 0
1989-09 0 0 0 0 0
1989-10 0 0 0 0 0
1989-11 16 16.1 16.2 0.1 0.2
1989-12 0 0 0 0 0
1990-01 0 0 0 0 0
1990-02 5.3 5.3 5.4 0 0.1
1990-03 87.7 87.8 87.9 0.1 0.2
1990-04 2.7 2.7 2.7 0 0
1990-05 0 0 0 0 0
1990-06 0 0 0 0 0
1990-07 0 0 0 0 0
1990-08 0 0 0 0 0
1990-09 0 0 0 0 0
1990-10 0 0 0 0 0
1990-11 389.3 390.2 391.1 0.9 18
1990-12 14 14 15 0 0.1
1991-01 55.7 56.1 56.5 0.4 0.8
1991-02 146.8 146.9 147 0.1 0.2
1991-03 395 395.1 395.3 0.1 0.3
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Predicted Diversion into Increase from
Storage no-action case

Predicted Diversion into Increase from
Storage no-action case

No 250 AF 550 AF 250 AF 550 AF
action

No 250 AF 550 AF 250 AF 550 AF
action

1991-04 0 0.1 1995-07 0 0
1991-05 0 0 0 0 0 1995-08 0 0 0 0 0
1991-06 0 0 0 0 0 1995-09 0 0 0 0 0
1991-07 0 0 0 0 0 1995-10 0 0 0 0 0
1991-08 0 0 0 0 0 1995-11 50.9 50.9 51 0 0.1
1991-09 3.2 3.2 3.2 0 0 1995-12 139.1 139.1 139.2 0 0.1
1991-10 0 0 0 0 0 1996-01 133.7 133.7 133.8 0 0.1
1991-11 2158 215.8 215.9 0 0.1 1996-02 200.9 200.9 200.9 0 0
1991-12 0 0 0 0 0 1996-03 257.6 257.6 257.6 0 0
1992-01 51.5 51.5 51.6 0 0.1 1996-04 0 0 0 0 0
1992-02 66 66 66 0 0 1996-05 0 0 0 0 0
1992-03 335.8 335.8 335.8 0 0 1996-06 0 0 0 0 0
1992-04 162.5 162.5 162.5 0 0 1996-07 0 0 0 0 0
1992-05 239.8 239.8 239.8 0 0 1996-08 0 0 0 0 0
1992-06 78.8 78.8 78.8 0 0 1996-09 0 0 0 0 0
1992-07 0 0 0 0 0 1996-10 9 9 9.1 0 0.1
1992-08 0 0 0 0 0 1996-11 81.1 81.2 81.4 0.1 0.3
1992-09 0 0 0 0 0 1996-12 668.5 668.5 668.6 0 0.1
1992-10 0 0 0 0 0 1997-01 418.6 458.8 458.8 40.2 40.2
1992-11 43.6 43.6 43.6 0 0 1997-02 0 207.4 458.7 207.4 458.7
1992-12 0 0 0 0 0 1997-03 0 0 46.7 0 46.7
1993-01 147 14.8 14.8 0.1 0.1 1997-04 53 6.8 10.9 15 5.6
1993-02 19.8 19.8 19.8 0 0 1997-05 14.8 17.2 19.4 24 4.6
1993-03 1097.9 1286.2  1286.2 188.3 188.3 1997-06 5.6 7 8.4 14 2.8
1993-04 53 68.4 370.9 63.1 365.6 1997-07 117 117 117 0 0
1993-05 14.8 17.2 19.3 24 45 1997-08 0.1 0.1 0.1 0 0
1993-06 26.8 27.6 28.5 0.8 1.7 1997-09 692.5 694.2 696.1 1.7 3.6
1993-07 0 0 0 0 0 1997-10 0 0 0 0 0
1993-08 0 0 0 0 0 1997-11 507.2 507.2 507.2 0 0
1993-09 0 0 0 0 0 1997-12 307.6 364.2 364.2 56.6 56.6
1993-10 0 0 0 0 0 1998-01 0 160.7 160.7 160.7 160.7
1993-11 3454 345.4 345.4 0 0 1998-02 0 18.5 141.7 18.5 141.7
1993-12 111.6 111.6 111.6 0 0 1998-03 0 0 164 0 164
1994-01 153.2 153.2 153.2 0 0 1998-04 0 0 0 0 0
1994-02 204 204 204 0 0 1998-05 0.5 0.5 0.5 0 0
1994-03 293.5 293.5 293.5 0 0 1998-06 0.5 0.5 0.5 0 0
1994-04 32.1 39.7 39.7 7.6 7.6 1998-07 0 0 0 0 0
1994-05 15.9 19.6 19.6 3.7 3.7 1998-08 0 0 0 0 0
1994-06 2.1 3 3 0.9 0.9 1998-09 0 0 0 0 0
1994-07 0 0 0 0 0 1998-10 26.5 28.1 29.2 1.6 2.7
1994-08 0 0 0 0 0 1998-11 2185 218.9 219.1 0.4 0.6
1994-09 0 0 0 0 0 1998-12 84.3 84.3 84.4 0 0.1
1994-10 0 0 0 0 0 1999-01 18.2 18.3 18.3 0.1 0.1
1994-11 9.8 9.8 9.8 0 0 1999-02 18.1 18.1 18.2 0 0.1
1994-12 53.7 53.7 53.7 0 0 1999-03 535.2 535.2 535.2 0 0
1995-01 240.9 240.9 241 0 0.1 1999-04 18 18 18.1 0 0.1
1995-02 464.7 464.7 464.7 0 0 1999-05 14 14 14 0 0
1995-03 4144 664.4 964.4 250 550 1999-06 0.2 0.2 0.2 0 0
1995-04 0 0 0 0 0 1999-07 0 0 0 0 0
1995-05 16.7 19.9 25.7 3.2 9 1999-08 274.7 274.7 274.7 0 0
1995-06 129 129 129 0 0 1999-09 0 0 0 0 0
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Increase from

Predicted Diversion into

Increase from

Predicted Diversion into

Storage no-action case Storage no-action case

No 250 AF 550 AF 250 AF 550 AF No 250 AF 550 AF 250 AF 550 AF

action action
1999-10 0 0 0 0 0 2004-01 0 0 0 0 0
1999-11 0 0 0 0 0 2004-02 0 0 0 0 0
1999-12 50.4 50.5 50.5 0.1 0.1 2004-03 977.8 977.8 977.8 0 0
2000-01 78.3 78.3 78.3 0 0 2004-04 119.3 144.1 144.1 24.8 24.8
2000-02 48.3 485 48.7 0.2 0.4 2004-05 75 20.9 20.9 13.4 13.4
2000-03 2255 225.5 225.5 0 0 2004-06 0 0 0 0 0
2000-04 1 1 1 0 0 2004-07 0 0 0 0 0
2000-05 0 0 0 0 0 2004-08 0 0 0 0 0
2000-06 0 0 0 0 0 2004-09 0 0 0 0 0
2000-07 0 0 0 0 0 2004-10 0 0 0 0 0
2000-08 0 0 0 0 0 2004-11 147 147.8 147.8 0.8 0.8
2000-09 0 0 0 0 0 2004-12 62.8 63 63 0.2 0.2
2000-10 0 0 0 0 0 2005-01 353.7 353.9 353.9 0.2 0.2
2000-11 0 0 0 0 0 2005-02 609.6 621.5 621.5 11.9 11.9
2000-12 290.2 290.2 290.3 0 0.1 2005-03 0 236.8 536.7 236.8 536.7
2001-01 337.6 337.6 337.6 0 0 2005-04 5.3 6.8 10.9 15 5.6
2001-02 154.6 154.6 154.6 0 0 2005-05 14.8 17.1 19.3 2.3 4.5
2001-03 334.6 334.6 334.6 0 0 2005-06 1.9 24 2.9 0.5 1
2001-04 62.8 68.2 68.2 5.4 5.4 2005-07 0 0 0 0 0
2001-05 12.9 44.9 44.9 32 32 2005-08 0 0 0 0 0
2001-06 0 0 0 0 0 2005-09 0 0 0 0 0
2001-07 0 0 0 0 0 2005-10 0 0 0 0 0
2001-08 0 0 0 0 0 2005-11 112.1 1125 112.9 0.4 0.8
2001-09 0 0 0 0 0 2005-12 407.5 407.7 407.9 0.2 0.4
2001-10 0 0 0 0 0 2006-01 312.2 312.3 312.4 0.1 0.2
2001-11 0 0 0 0 0 2006-02 152.3 152.4 152.5 0.1 0.2
2001-12 2.4 24 24 0 0 2006-03 72.2 72.3 72.5 0.1 0.3
2002-01 15.4 15.4 15.4 0 0 2006-04 17.2 17.2 17.2 0 0
2002-02 22.8 22.8 229 0 0.1 2006-05 0 0 0 0 0
2002-03 0 0 0 0 0 2006-06 0 0 0 0 0
2002-04 0.2 0.2 0.2 0 0 2006-07 0 0 0 0 0
2002-05 0 0 0 0 0 2006-08 0 0 0 0 0
2002-06 0 0 0 0 0 2006-09 0 0 0 0 0
2002-07 0 0 0 0 0 2006-10 488.8 488.8 488.8 0 0
2002-08 0 0 0 0 0 2006-11 81.5 82 82.7 0.5 1.2
2002-09 0 0 0 0 0 2006-12 89.5 89.6 89.6 0.1 0.1
2002-10 0 0 0 0 0 2007-01 79.7 79.8 79.9 0.1 0.2
2002-11 0 0 0 0 0 2007-02 235.4 235.4 235.4 0 0
2002-12 0 0 0 0 0 2007-03 353.6 560.6 560.6 207 207
2003-01 199.3 199.3 199.4 0 0.1 2007-04 5.3 18.9 18.9 13.6 13.6
2003-02 343.6 343.6 343.7 0 0.1 2007-05 0.8 2.9 2.9 2.1 2.1
2003-03 0 0 0 0 0 2007-06 0 0 0 0 0
2003-04 0 0 0 0 0 2007-07 0 0 0 0 0
2003-05 0 0 0 0 0 2007-08 0 0 0 0 0
2003-06 0 0 0 0 0 2007-09 0 0 0 0 0
2003-07 0 0 0 0 0 2007-10 0 0 0 0 0
2003-08 0 0 0 0 0 2007-11 15 16.4 16.5 14 15
2003-09 46.7 46.7 46.8 0 0.1 2007-12 439.6 440 440.1 0.4 0.5
2003-10 0 0 0 0 0 2008-01 234.8 235 235 0.2 0.2
2003-11 82.1 82.2 82.2 0.1 0.1 2008-02 240 240.2 240.2 0.2 0.2
2003-12 0 0 0 0 0 2008-03 243 490.6 790.3 247.6 547.3
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Predicted Diversion into Increase from
Storage no-action case

N 250 AF 550 AF 250 AF 550 AF

action
2008-04
2008-05 104 12 13.7 1.6 3.3
2008-06 7.1 7.1 7.1 0 0
2008-07 0 0 0 0 0
2008-08 0 0 0 0 0
2008-09 0 0 0 0 0
2008-10 0 0 0 0 0
2008-11 168 168.4 168.8 0.4 0.8
2008-12 11.6 11.8 11.9 0.2 0.3
2009-01 120.3 120.5 120.6 0.2 0.3
2009-02 155.7 155.9 156.1 0.2 0.4
2009-03 177.7 177.8 177.8 0.1 0.1
2009-04 1.6 1.6 1.6 0 0
2009-05 45 45 45 0 0
2009-06 0 0 0 0
2009-07 0 0 0 0 0
2009-08 0 0 0 0 0
2009-09 0 0 0 0 0
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Appendix B2: Predicted Annual Diversion into Storage in RMWR

Predicted Diversion into Storage (AF) Increase from no-action
case (AF)
Admin No Action 250 AF 500 AF 250 AF 550 AF
Year

1975 1275 1320.8 1320.8 45.8 45.8
1976 533.3 533 533 -0.3 -0.3
1977 105.4 105.4 105.4 0 0
1978 176.9 176.9 176.9 0 0
1979 906.4 906.4 906.4 0 0
1980 1397.8 1649.8 1679.7 252 281.9
1981 875.2 875.2 875 0 -0.2
1982 1232.7 1240.2 1240.4 75 7.7
1983 1305.8 1563.1 1871.7 257.3 565.9
1984 1154.3 1398.5 1696.1 244.2 541.8
1985 1352.6 1598.3 1896.2 245.7 543.6
1986 1155.9 1400.2 1695.4 2443 539.5
1987 1252.9 1486 1726 233.1 473.1
1988 1156.9 1396.8 1689.9 239.9 533
1989 1175.5 1426.6 1729.5 251.1 554
1990 111.7 112 112.1 0.3 0.4
1991 998.4 1000 1001.8 1.6 34
1992 1150.1 1150.2 1150.4 0.1 0.3
1993 1223 1477.6 1783.2 254.6 560.2
1994 1157.8 1170 1170 12.2 12.2
1995 1359 1612.3 1918.1 253.3 559.1
1996 782.2 782.3 782.4 0.1 0.2
1997 1907.2 2162 2469.9 254.8 562.7
1998 815.8 1051.6 1338.8 235.8 523
1999 1194.9 1197.2 1198.7 2.3 3.8
2000 403.5 403.7 404 0.2 0.5
2001 1192.7 1230.1 1230.1 374 374
2002 40.8 40.8 40.9 0 0.1
2003 589.7 589.7 589.8 0 0.1
2004 1186.7 1225 1225 38.3 38.3
2005 1195.2 1449.3 1756 254.1 560.8
2006 1073.5 1074.3 1075.5 0.8 2
2007 1334.6 1558 1558.8 2234 224.2
2008 1195.1 1448.1 1753.7 253 558.6
2009 639.5 640.5 641.5 1 2
Average 988.8 1098.6 1209.8 109.8 221.0
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Appendix C: Monthly Average Diversions to Reservoir Ditches

Averages of monthly totals from WY 1975-2009, including all sources (AF)
330530 Old Indian

No action scenario

Adjudicated  From Exchange = From Storage

November 0.00 0.00 0.00 0.00
December 0.00 0.00 0.00 0.00
January 0.00 0.00 0.00 0.00
February 0.00 0.00 0.00 0.00
March 0.00 0.00 0.00 0.00
April 25.06 0.00 0.00 25.06
May 53.75 2.20 0.00 55.95
June 54.48 1.89 7.23 63.60
July 39.60 0.73 5.43 45.76
August 28.92 0.13 5.15 34.20
September 18.16 0.16 0.52 18.84
October 1.13 0.00 0.00 1.13

250 AF scenario

Adjudicated  From Exchange  From Storage Total Increase from
No-action

November
December 0.00 0.00 0.00 0.00 0.00
January 0.00 0.00 0.00 0.00 0.00
February 0.00 0.00 0.00 0.00 0.00
March 0.00 0.00 0.00 0.00 0.00
April 25.06 0.00 0.00 25.06 0.00
May 53.76 2.20 0.00 55.96 0.01
June 54.64 1.99 7.85 64.48 0.88
July 39.83 0.80 6.67 47.30 154
August 29.04 0.13 5.72 34.89 0.69
September 18.19 0.17 0.87 19.23 0.39
October 1.14 0.00 0.00 1.14 0.01

550 AF scenario

Adjudicated  From Exchange = From Storage Total  Increase from
No-action

November 0.00 0.00 0.00 0.00 0.00
December 0.00 0.00 0.00 0.00 0.00
January 0.00 0.00 0.00 0.00 0.00
February 0.00 0.00 0.00 0.00 0.00
March 0.00 0.00 0.00 0.00 0.00
April 25.07 0.00 0.00 25.07 0.01
May 53.77 2.20 0.00 55.97 0.02
June 54.82 2.30 8.01 65.13 1.53
July 40.07 0.75 7.93 48.75 2.99
August 29.16 0.13 6.17 35.46 1.26
September 18.22 0.17 1.04 19.43 0.59
October 1.15 0.00 0.00 1.15 0.02
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330547 Joseph Freed

No action scenario

Adjudicated

From Exchange

From Storage

November 79.57 0.06 152 81.15
December 49.37 0.00 0.00 49.37
January 36.24 0.00 0.00 36.24
February 32.07 0.00 0.00 32.07
March 80.37 0.00 0.00 80.37
April 343.20 0.00 0.00 343.20
May 604.38 161.06 0.00 765.44
June 393.98 149.65 571.46  1115.09
July 107.63 27.72 95.82 231.17
August 42.33 5.68 0.77 48.78
September 50.51 4.59 11.21 66.31
October 85.34 2.94 14.51 102.79

Adjudicated

250 AF scenario
From Storage

From Exchange

Increase from

No-action

November 1.52 81.19

December 49.37 0.00 0.00 49.37 0.00
January 36.24 0.00 0.00 36.24 0.00
February 32.07 0.00 0.00 32.07 0.00
March 80.37 0.00 0.00 80.37 0.00
April 343.25 0.00 0.00 343.25 0.05
May 604.39 161.47 0.00 765.86 0.42
June 394.29 150.32 607.02 1151.63 36.54
July 108.35 27.35 130.79 266.49 35.32
August 42.43 5.62 5.53 53.58 4.80
September 50.61 4.52 11.19 66.32 0.01
October 85.43 2.92 14.50 102.85 0.06

Adjudicated

550 AF scenario

From Exchange

From Storage

Increase from

No-action
November 79.63 0.06 1.52 81.21 0.06
December 49.38 0.00 0.00 49.38 0.01
January 36.24 0.00 0.00 36.24 0.00
February 32.07 0.00 0.00 32.07 0.00
March 80.38 0.00 0.00 80.38 0.01
April 343.34 0.00 0.00 343.34 0.14
May 604.44 162.01 0.00 766.45 1.01
June 394.53 150.83 642.28 1187.64 72.55
July 108.93 26.94 166.49 302.36 71.19
August 42.57 5.52 11.42 59.51 10.73
September 50.71 4.43 11.17 66.31 0.00
October 85.53 2.90 14.50 102.93 0.14
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330548 Revival

Adjudicated

No action scenario

From Exchange

From Storage

November 13.02 0.03 0.10 13.15
December 8.76 0.00 0.00 8.76
January 1.77 0.00 0.00 1.77
February 7.09 0.00 0.00 7.09
March 9.70 0.00 0.00 9.70
April 63.01 0.00 0.00 63.01
May 184.56 37.48 0.00 222.04
June 153.49 55.88 55.64 265.01
July 82.40 13.55 6.82 102.77
August 41.19 0.61 2.35 44,15
September 40.69 1.13 1.07 42.89
October 46.10 0.25 1.44 47.79

250 AF scenario

Adjudicated  From Exchange  From Storage Total  Increase from
No-action

November
December 8.76 0.00 0.00 8.76 0.00
January 1.77 0.00 0.00 1.77 0.00
February 7.09 0.00 0.00 7.09 0.00
March 9.70 0.00 0.00 9.70 0.00
April 63.02 0.00 0.00 63.02 0.01
May 184.55 37.51 0.00 222.06 0.02
June 153.74 56.26 60.61 270.61 5.60
July 83.34 13.03 9.08 105.45 2.68
August 41.28 0.61 2.84 44,73 0.58
September 40.85 1.12 1.07 43.04 0.15
October 46.12 0.24 144 47.80 0.01

550 AF scenario

Adjudicated  From Exchange = From Storage Total  Increase from
No-action

November 13.03 0.03 0.10 13.16 0.01
December 8.76 0.00 0.00 8.76 0.00
January 1.77 0.00 0.00 1.77 0.00
February 7.09 0.00 0.00 7.09 0.00
March 9.70 0.00 0.00 9.70 0.00
April 63.02 0.00 0.00 63.02 0.01
May 184.57 37.72 0.00 222.29 0.25
June 154.09 56.62 64.72 275.43 10.42
July 84.00 12.75 11.54 108.29 5.52
August 41.36 0.61 3.72 45.69 1.54
September 40.97 1.12 1.06 43.15 0.26
October 46.12 0.24 1.44 47.80 0.01
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330550 Warren-Vosburgh

Adjudicated

No action scenario

From Exchange

From Storage

November 34.80 0.00 0.00 34.80
December 15.23 0.00 0.00 15.23
January 18.14 0.00 0.00 18.14
February 16.23 0.00 0.00 16.23
March 30.85 0.00 0.00 30.85
April 90.92 0.00 0.00 90.92
May 181.59 22.37 0.00 203.96
June 163.07 44,13 114.49 321.69
July 86.67 9.86 58.15 154.68
August 50.98 0.82 9.93 61.73
September 64.18 0.92 2.78 67.88
October 55.43 0.02 0.01 55.46

250 AF scenario

Adjudicated = From Exchange

From Storage

Increase from

No-action

November 0.00 34.83

December 15.23 0.00 0.00 15.23 0.00
January 18.14 0.00 0.00 18.14 0.00
February 16.23 0.00 0.00 16.23 0.00
March 29.81 0.00 0.00 29.81 -1.04
April 90.91 0.00 0.00 90.91 -0.01
May 181.62 22.35 0.00 203.97 0.01
June 163.34 44.42 119.59 327.35 5.66
July 86.98 9.72 69.81 166.51 11.83
August 51.07 0.82 14.19 66.08 4.35
September 64.24 0.88 2.84 67.96 0.08
October 55.50 0.02 0.01 55.53 0.07

550 AF scenario

Adjudicated  From Exchange

From Storage

Increase from

No-action
November 34.84 0.00 0.00 34.84 0.04
December 15.23 0.00 0.00 15.23 0.00
January 18.14 0.00 0.00 18.14 0.00
February 16.23 0.00 0.00 16.23 0.00
March 28.65 0.00 0.00 28.65 -2.20
April 90.91 0.00 0.00 90.91 -0.01
May 181.63 22.34 0.00 203.97 0.01
June 163.47 45.27 122.26 331.00 9.31
July 87.35 9.63 82.51 179.49 24.81
August 51.17 0.82 17.95 69.94 8.21
September 64.29 0.85 4.22 69.36 1.48
October 55.57 0.02 0.01 55.60 0.14
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Appendix D: Daily Flows through RMWR Supply Ditch (CFS)

Only dates with any non-zero flow are shown

Date No 250 550 Date N) 250 550 Date No 250 550 Date No 250 550
action AF AF action AF AF action AF AF action AF AF

10/6/74 0.9 0.9 0.9 1/14/75 14 14 14 3/8/75 1.9 1.9 1.9 12/10/75 2.2 2.2 2.2
10/13/74 0.0 0.0 0.0 1/15/75 14 14 14 3/9/75 1.9 1.9 1.9 12/11/75 19 1.9 19
10/22/74 0.3 0.3 0.3 1/16/75 1.4 1.4 1.4 3/10/75 2.0 2.0 2.0 12/12/75 1.9 1.9 19
10/23/74 25 25 25 1/17/75 13 1.3 13 3/11/75 2.0 2.0 2.0 12/13/75 2.2 2.2 2.2
10/27/74 1.6 1.6 1.6 1/18/75 13 1.3 13 3/12/75 2.1 2.1 2.1 12/14/75 13 1.3 13
10/28/74 04 0.4 04 1/19/75 13 13 13 3/13/75 2.5 25 2.5 12/15/75 13 1.3 13
10/29/74 27 27 27 1/20/75 13 13 13 3/14/75 22 22 22 12/16/75 14 14 14
10/30/74 1.8 1.8 1.8 1/21/75 12 1.2 12 3/15/75 2.2 2.2 2.2 12/17/75 13 1.3 13
10/31/74 1.8 1.8 1.8 1/22/75 12 1.2 12 3/16/75 2.3 2.3 2.3 12/18/75 12 1.2 12
12/1/74 0.4 0.4 0.4 1/23/75 1.2 1.2 1.2 3/17/75 23 23 23 12/19/75 11 1.1 11
12/2/74 0.5 0.5 0.5 1/24/75 1.1 1.1 1.1 3/18/75 2.2 2.2 2.2 12/20/75 1.1 1.1 1.1
12/3/74 0.5 0.5 0.5 1/25/75 1.1 1.1 1.1 3/19/75 22 2.2 22 12/21/75 1.2 1.2 1.2
12/4/74 0.5 0.5 0.5 1/26/75 1.1 1.1 1.1 3/20/75 22 2.2 22 12/22/75 1.7 1.7 1.7
12/5/74 15 1.5 15 1/27175 1.1 1.1 1.1 3/21/75 3.0 3.0 3.0 12/23/75 1.6 1.6 1.6
12/6/74 0.5 0.5 0.5 1/28/75 1.0 1.0 1.0 3/22/75 3.9 3.9 3.9 12/24/75 1.2 1.2 1.2
12/7/74 0.5 0.5 0.5 1/29/75 1.0 1.0 1.0 3/23/75 6.8 6.8 6.8 12/25/75 1.0 1.0 1.0
12/8/74 0.5 0.5 0.5 1/30/75 1.0 1.0 1.0 3/24/75 6.7 6.7 6.7 12/26/75 1.0 1.0 1.0
12/9/74 0.5 0.5 0.5 1/31/75 1.0 1.0 1.0 3/25/75 20 2.0 20 12/27/75 1.0 1.0 1.0
12/10/74 0.6 0.6 0.6 2/1/75 0.5 0.5 0.5 3/26/75 1.9 1.9 1.9 12/28/75 1.0 1.0 1.0
12/11/74 0.6 0.6 0.6 212175 0.5 0.5 0.5 3/27/75 24 2.4 24 12/29/75 0.9 0.9 0.9
12/12/74 0.6 0.6 0.6 2/3/75 0.5 0.5 0.5 3/28/75 5.3 5.3 5.3 12/30/75 0.9 0.9 0.9
12/13/74 0.6 0.6 0.6 214175 0.4 0.4 0.4 3/29/75 171 171 171 12/31/75 0.9 0.9 0.9
12/14/74 0.6 0.6 0.6 2/5/75 0.4 0.4 0.4 3/30/75 111 111 111 1/1/76 0.5 0.5 0.5
12/15/74 0.6 0.6 0.6 2/6/75 0.4 0.4 0.4 3/31/75 2.0 2.0 2.0 1/2/76 0.8 0.8 0.8
12/16/74 0.7 0.7 0.7 217175 0.3 0.3 0.3 11/11/75 0.3 0.3 0.3 1/3/76 0.6 0.6 0.6
12/17/74 0.7 0.7 0.7 2/8/75 0.3 0.3 0.3 11/12/75 0.8 0.8 0.8 1/4/76 0.3 0.3 0.3
12/18/74 0.7 0.7 0.7 2/9/75 0.3 0.3 0.3 11/13/75 1.3 1.3 1.3 1/5/76 0.2 0.2 0.2
12/19/74 0.7 0.7 0.7 2/10/75 0.7 0.7 0.7 11/14/75 1.8 1.8 1.8 1/6/76 0.5 0.5 0.5
12/20/74 0.7 0.7 0.7 2/11/75 0.2 0.2 0.2 11/15/75 2.6 2.6 2.6 17176 0.2 0.2 0.2
12/21/74 0.8 0.8 0.8 2/12/75 0.2 0.2 0.2 11/16/75 3.0 3.0 3.0 1/8/76 0.1 0.1 0.1
12/22/74 0.8 0.8 0.8 2/13/75 0.2 0.2 0.2 11/17/75 3.0 3.0 3.0 1/9/76 0.0 0.0 0.0
12/23/74 0.8 0.8 0.8 2/14/75 0.2 0.2 0.2 11/18/75 33 3.3 33 1/10/76 0.3 0.3 0.3
12/24/74 0.8 0.8 0.8 2/15/75 0.2 0.2 0.2 11/19/75 33 3.2 3.2 1/17/76 0.0 0.0 0.0
12/25/74 0.8 0.8 0.8 2/16/75 0.3 0.3 0.3 11/20/75 3.0 3.0 3.0 2/1/76 0.1 0.1 0.1
12/26/74 0.9 0.9 0.9 2/17/75 0.3 0.3 0.3 11/21/75 2.6 2.6 2.6 212176 0.1 0.1 0.1
12/27/74 0.9 0.9 0.9 2/18/75 0.4 0.4 0.4 11/22/75 24 2.4 24 2/8/76 0.1 0.1 0.1
12/28/74 0.9 0.9 0.9 2/19/75 0.4 0.4 0.4 11/23/75 24 2.4 24 2/9/76 0.6 0.6 0.6
12/29/74 0.9 0.9 0.9 2/20/75 0.5 0.5 0.5 11/24/75 24 2.4 24 2/10/76 0.5 0.5 0.5
12/30/74 0.9 0.9 0.9 2121175 0.5 0.5 0.5 11/25/75 2.2 2.2 2.2 2/11/76 0.3 0.3 0.3
12/31/74 1.0 1.0 1.0 2/22/75 0.6 0.6 0.6 11/26/75 2.2 2.2 2.2 2/12/76 0.2 0.2 0.2
1/1/75 1.2 1.2 1.2 2/23/75 0.6 0.6 0.6 11/27/75 2.3 2.3 2.3 2/13/76 0.2 0.2 0.2
1/2/75 1.2 1.2 1.2 2/24175 0.7 0.7 0.7 11/28/75 2.3 2.3 2.3 2/15/76 0.1 0.1 0.1
1/3/75 1.2 1.2 1.2 2/25/75 11 11 11 11/29/75 2.3 2.3 2.3 2121176 0.0 0.0 0.0
1/4/75 1.2 1.2 1.2 2/26/75 11 11 11 11/30/75 2.2 2.2 2.2 222176 0.1 0.1 0.1
1/5/75 1.3 1.3 1.3 2127175 1.2 1.2 1.2 12/1/75 1.2 1.2 1.2 2/23/76 0.1 0.1 0.1
1/6/75 1.3 1.3 1.3 2/28/75 1.2 1.2 1.2 12/2/75 1.3 1.2 1.2 2124176 0.2 0.2 0.2
1/7175 1.3 1.3 1.3 3/1/75 15 15 15 12/3/75 1.3 1.3 1.3 2/25/76 0.2 0.2 0.2
1/8/75 1.3 1.3 1.3 3/2/75 1.6 1.6 1.6 12/4/75 1.3 1.3 1.3 2/26/76 0.2 0.2 0.2
1/9/75 1.3 1.3 1.3 3/3/75 1.6 1.6 1.6 12/5/75 1.3 1.3 1.3 2127176 0.3 0.3 0.3
1/10/75 1.4 1.4 1.4 3/4/75 17 17 17 12/6/75 1.2 1.2 1.2 2/28/76 0.3 0.3 0.3
1/11/75 1.4 1.4 1.4 3/5/75 17 17 17 12/7/75 1.8 1.8 1.8 11/14/76 0.6 0.6 0.6
1/12/75 1.4 1.4 1.4 3/6/75 1.8 1.8 1.8 12/8/75 2.3 2.3 2.3 11/15/76 12 1.2 12
1/13/75 1.4 1.4 1.4 3/7/75 1.8 1.8 1.8 12/9/75 2.2 2.2 2.2 11/16/76 11 11 11
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Date No 250 550 Date No 250 550 Date No 250 550 Date \[o} 250 550
action AF AF action AF AF action AF AF action AF AF

11/17/76 11 11 1.1 11/21/79 2.8 2.8 2.8 1/17/80 1.7 1.7 1.7 3/15/80 49 4.9 4.9
11/18/76 0.9 0.9 0.9 11/22/79 2.8 2.8 2.8 1/18/80 17 17 17 3/16/80 49 4.9 4.9
11/19/76 0.9 0.9 0.9 11/23/79 2.8 2.8 2.8 1/19/80 20 20 20 3/17/80 48 4.8 4.8
11/20/76 1.0 1.0 1.0 11/24/79 2.8 2.8 2.8 1/20/80 17 17 17 3/18/80 47 4.7 4.7
11/21/76 0.8 0.8 0.8 11/25/79 2.8 2.8 2.8 1/21/80 15 15 15 3/19/80 47 4.7 4.7
11/22/76 0.9 0.9 0.9 11/26/79 2.8 2.8 2.8 1/22/80 1.0 1.0 1.0 3/20/80 46 4.6 4.6
11/23/76 0.7 0.7 0.7 11/27/79 2.8 2.8 2.8 1/23/80 0.6 06 06 3/21/80 5.2 5.2 5.2
11/24176 0.5 0.5 0.5 11/28/79 2.8 2.8 2.8 1/24/80 0.3 03 03 3/22/80 55 55 55
11/25/76 0.6 0.6 0.6 11/29/79 2.8 2.8 2.8 1/25/80 0.4 0.4 0.4 3/23/80 5.4 5.4 5.4
11/26/76 0.4 0.4 0.4 11/30/79 2.8 2.8 2.8 1/26/80 05 05 05 3/24/80 5.0 5.0 5.0
11/27176 0.5 0.5 0.5 12/1/79 2.2 2.2 2.2 1/27/80 15 15 15 3/25/80 5.3 5.3 5.3
11/28/76 0.7 0.7 0.7 12/2/79 2.2 2.2 2.2 1/28/80 15 15 15 3/26/80 5.2 5.2 5.2
11/29/76 0.4 0.4 0.4 12/3/79 2.2 2.2 2.2 1/29/80 20 20 20 3/27/80 48 4.8 4.8
11/30/76 0.4 0.4 0.4 12/4/79 2.2 2.2 2.2 1/30/80 13 13 13 3/28/80 47 4.7 4.7
3/1/79 06 06 06 12/5/79 22 22 22 1/31/80 13 13 13 3/29/80 46 46 46
3/2/79 06 06 06 12/6/79 22 22 22 2/1/80 1.1 11 11 3/30/80 00 46 46
3/3/79 07 07 07 1217179 22 22 22 212180 1.1 11 11 3/31/80 00 45 45
3/4/79 07 07 07 12/8/79 22 22 22 2/3/80 1.0 10 10 9/10/80 709 709 70.9
3/5/79 08 08 08 12/9/79 26 26 26 2/4/80 14 14 14 11/1/80 01 01 0.1
3/6/79 0.9 0.9 0.9 12/10/79 2.7 2.7 2.7 2/5/80 0.8 08 08 11/2/80 0.1 0.1 0.1
3/7/79 0.9 0.9 0.9 12/11/79 2.2 2.2 2.2 2/6/80 0.8 08 08 11/3/80 0.1 0.1 0.1
3/8/79 1.0 1.0 1.0 12/12/79 2.2 2.2 2.2 2/7/80 0.9 0.9 09 11/4/80 0.1 0.1 0.1
3/9/79 1.0 1.0 1.0 12/13/79 2.2 2.2 2.2 2/8/80 0.9 0.9 09 11/5/80 0.1 0.1 0.1
3/10/79 11 11 1.1 12/14/79 2.3 2.3 2.3 2/9/80 0.9 0.9 09 11/6/80 0.1 0.1 0.1
3/11/79 11 11 1.1 12/15/79 2.3 2.3 2.3 2/10/80 1.0 1.0 1.0 11/7/80 0.1 0.1 0.1
3/12/79 1.2 1.2 1.2 12/16/79 2.4 2.4 2.4 2/11/80 1.0 1.0 1.0 11/8/80 0.1 0.1 0.1
3/13/79 1.2 1.2 1.2 12/17/79 2.4 2.4 2.4 2/12/80 1.0 1.0 1.0 11/9/80 0.1 0.1 0.1
3/14/79 1.3 13 1.3 12/18/79 2.2 2.2 2.2 2/13/80 11 11 1.1 11/10/80 0.7 0.7 0.7
3/15/79 13 13 13 12/19/79 21 21 21 2/14/80 1.1 11 11 11/11/80 1.1 11 11
3/16/79 13 13 13 12/20/79 21 21 21 2/15/80 1.1 11 11 11/12/80 15 15 15
3/17/79 13 13 13 12/21/79 27 27 27 2/16/80 12 12 12 11/13/80 29 29 29
3/18/79 13 13 13 12/22/79 31 31 31 2/17/80 13 13 13 11/14/80 33 33 33
3/19/79 21 21 21 12/23/79 21 21 21 2/18/80 14 14 14 11/15/80 37 37 37
3/20/79 30 30 30 12/24/79 21 21 21 2/19/80 16 16 16 11/16/80 37 37 37
3/21/79 39 39 39 12/25/79 21 21 21 2/20/80 17 17 17 11/17/80 37 37 37
3/22/79 30 30 30 12/26/79 21 21 21 2/21/80 13 13 13 11/18/80 37 37 37
3/23/79 39 39 39 12/27/79 24 24 24 2/22/80 15 15 15 11/19/80 37 37 37
3124179 4.9 4.9 4.9 12/28/79 2.4 24 24 2/23/80 1.6 16 1.6 11/20/80 2.8 2.8 2.8
3/25/79 49 49 49 12/29/79 24 24 24 2/24/80 17 17 17 11/21/80 28 28 28
3/26/79 59 59 59 12/30/79 20 20 20 2/25/80 19 19 19 11/22/80 23 23 23
3/27/79 69 69 69 12/31/79 25 25 25 2/26/80 20 20 20 11/23/80 19 19 19
3/28/79 69 69 69 1/1/80 18 18 18 2/27/80 26 26 26 11/24/80 29 29 29
3/29/79 69 69 69 1/2/80 14 14 14 2/28/80 27 27 27 11/25/80 24 24 24
3/30/79 69 69 69 1/3/80 11 11 11 3/1/80 39 39 39 11/26/80 19 19 19
3/31/79 69 69 69 1/4/80 11 11 11 3/2/80 39 39 39 11/27/80 19 19 19
11/9/79 03 03 03 1/5/80 14 14 14 3/3/80 40 40 40 11/28/80 19 19 19
11/10/79 07 07 07 1/6/80 16 16 16 3/4/80 43 43 43 11/29/80 19 19 19
11/11/79 11 11 11 1/7/80 16 16 16 3/5/80 43 43 43 11/30/80 19 19 19
11/12/79 1.4 14 1.4 1/8/80 2.0 2.0 2.0 3/6/80 4.0 4.0 4.0 12/1/80 1.2 1.2 1.2
11/13/79 18 1.8 1.8 1/9/80 1.2 1.2 1.2 3/7/80 45 45 45 12/2/80 13 13 13
11/14179 22 2.2 2.2 1/10/80 1.7 1.7 1.7 3/8/80 45 45 45 12/3/80 13 13 13
11/15/79 2.6 2.6 2.6 1/11/80 2.2 2.2 2.2 3/9/80 4.6 4.6 4.6 12/4/80 13 13 13
11/16/79 2.7 2.7 2.7 1/12/80 2.1 2.1 2.1 3/10/80 4.6 4.6 4.6 12/5/80 13 13 13
11/17/79 2.7 2.7 2.7 1/13/80 2.2 2.2 2.2 3/11/80 4.3 4.3 4.3 12/6/80 14 1.4 14
11/18/79 2.7 2.7 2.7 1/14/80 2.9 2.9 2.9 3/12/80 4.7 4.7 4.7 12/7/80 14 14 14
11/19/79 2.7 2.7 2.7 1/15/80 2.4 2.4 2.4 3/13/80 4.8 4.8 4.8 12/8/80 14 14 14
11/20/79 2.7 2.7 2.7 1/16/80 1.8 1.8 1.8 3/14/80 4.9 4.9 4.9 12/9/80 14 1.4 14
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Date No 250 550 Date No 250 550 Date No 250 550 Date No 250 550
action AF AF action AF AF action AF AF action AF AF

12/10/80 15 15 15 1/8/82 13 13 13 3/6/82 24 24 24 12/26/82 24 24 24
12/11/80 15 15 15 1/9/82 14 14 1.4 3/7/82 2.2 2.2 22 12/27/82 2.0 2.0 2.0
12/12/80 1.6 1.6 1.6 1/10/82 1.4 1.4 1.4 3/8/82 21 21 2.1 12/28/82 1.9 1.9 1.9
12/13/80 17 1.7 1.7 1/11/82 1.4 1.4 1.4 3/9/82 23 23 23 12/29/82 1.9 1.9 1.9
12/14/80 1.7 1.7 1.7 1/12/82 15 15 15 3/10/82 2.7 2.7 2.7 12/30/82 2.0 2.0 2.0
12/15/80 1.8 1.8 1.8 1/13/82 1.4 14 1.4 3/11/82 4.0 4.0 4.0 12/31/82 2.1 2.1 2.1
12/16/80 1.8 1.8 1.8 1/14/82 15 15 15 3/12/82 8.7 8.7 8.7 1/1/83 2.3 2.3 2.3
12/17/80 1.8 1.8 1.8 1/15/82 15 15 15 3/13/82 6.6 6.6 6.6 1/2/83 2.3 2.3 2.3
12/18/80 18 1.8 1.8 1/16/82 1.7 1.7 1.7 3/14/82 55 55 55 1/3/83 2.4 24 2.4
12/19/80 1.8 1.8 1.8 1/17/82 2.0 2.0 2.0 3/15/82 6.3 6.3 6.3 1/4/83 2.5 2.5 2.5
12/20/80 1.8 1.8 1.8 1/18/82 15 15 15 3/16/82 4.8 4.8 4.8 1/5/83 2.5 2.5 2.5
12/21/80 1.8 1.8 1.8 1/19/82 15 15 15 3/17/82 3.0 3.0 3.0 1/6/83 2.5 2.5 2.5
12/22/80 1.7 1.7 1.7 1/20/82 15 15 15 3/18/82 1.1 1.1 1.1 1/7/83 2.5 2.5 2.5
12/23/80 1.7 1.7 1.7 1/21/82 15 15 15 3/19/82 0.2 0.2 0.2 1/8/83 2.6 2.6 2.6
12/24/80 1.7 1.7 1.7 1/22/82 15 15 15 11/13/82 0.9 0.9 0.9 1/9/83 2.6 2.6 2.6
12/25/80 1.7 1.7 1.7 1/23/82 15 15 15 11/14/82 0.7 0.7 0.7 1/10/83 2.6 2.6 2.6
12/26/80 1.7 1.7 1.7 1/24/82 15 15 15 11/15/82 1.1 1.1 1.1 1/11/83 2.6 2.6 2.6
12/27/80 1.7 1.7 1.7 1/25/82 15 15 15 11/16/82 1.1 1.1 1.1 1/12/83 2.6 2.6 2.6
12/28/80 1.6 1.6 1.6 1/26/82 15 15 15 11/17/82 15 15 15 1/13/83 2.7 2.7 2.7
12/29/80 1.6 1.6 1.6 1/27/82 15 15 15 11/18/82 2.0 2.0 2.0 1/14/83 2.7 2.7 2.7
12/30/80 15 15 15 1/28/82 15 15 15 11/19/82 25 25 25 1/15/83 2.7 2.7 2.7
12/31/80 15 15 15 1/29/82 15 15 15 11/20/82 2.0 2.0 2.0 1/16/83 2.7 2.7 2.7
3/1/81 0.2 0.2 0.2 1/30/82 15 15 15 11/21/82 2.0 2.0 2.0 1/17/83 2.7 2.7 2.7
3/2/81 0.7 0.7 0.7 1/31/82 15 15 15 11/22/82 2.0 2.0 2.0 1/18/83 2.7 2.7 2.7
3/3/81 0.6 0.6 0.6 2/1/82 1.8 1.8 1.8 11/23/82 2.0 2.0 2.0 1/19/83 2.7 2.7 2.7
3/4/81 0.4 0.4 0.4 21282 1.8 1.8 1.8 11/24/82 25 25 25 1/20/83 2.7 2.7 2.7
3/5/81 0.3 0.3 0.3 2/3/82 1.8 1.8 1.8 11/25/82 25 25 25 1/21/83 2.6 2.6 2.7
3/6/81 1.1 1.1 1.1 214182 1.8 1.8 1.8 11/26/82 25 25 25 1/22/83 2.6 2.6 2.6
3/7/81 0.7 0.7 0.7 2/5182 1.8 1.8 1.8 11/27/82 25 25 25 1/23/83 2.6 2.6 2.6
3/8/81 0.7 0.7 0.7 2/6/82 1.8 1.8 1.8 11/28/82 25 25 25 1/24/83 2.6 2.6 2.6
3/9/81 0.6 0.6 0.6 217182 1.8 1.8 1.8 11/29/82 25 25 25 1/25/83 2.8 2.8 2.8
3/10/81 0.6 0.6 0.6 2/8/82 1.8 1.8 1.8 11/30/82 55 5.5 55 1/26/83 2.6 2.6 2.6
3/11/81 1.1 1.1 1.1 2/9/82 1.8 1.8 1.8 12/1/82 6.7 6.7 6.7 1/27/83 2.6 2.6 2.6
3/12/81 0.8 0.8 0.8 2/10/82 1.8 1.8 1.8 12/2/82 2.8 2.8 2.8 1/28/83 2.6 2.6 2.6
3/13/81 0.7 0.7 0.7 2/11/82 1.8 1.8 1.8 12/3/82 1.8 1.8 1.8 1/29/83 2.6 2.6 2.6
3/14/81 1.0 1.0 1.0 2/12/82 1.8 1.8 1.8 12/4/82 1.9 1.9 1.9 1/30/83 2.5 2.5 2.6
3/15/81 1.0 1.0 1.0 2/13/82 1.8 1.8 1.8 12/5/82 1.9 1.9 1.9 1/31/83 2.5 2.5 2.5
3/16/81 0.6 0.6 0.6 2/14/82 1.8 1.8 18 12/6/82 1.0 1.0 1.0 2/1/83 2.7 2.7 2.7
11/7/81 0.4 0.4 0.4 2/15/82 1.7 1.7 1.7 12/7/82 0.5 05 0.5 2/2/83 2.7 2.7 2.7
11/15/81 0.1 0.1 0.1 2/16/82 1.6 1.6 16 12/8/82 0.6 0.6 0.6 2/3/83 2.7 2.7 2.7
11/16/81 0.2 0.2 0.2 2/17/82 1.7 1.7 1.7 12/9/82 1.2 1.2 1.2 2/4/83 2.7 2.7 2.7
12/18/81 0.1 0.1 0.1 2/18/82 15 15 15 12/10/82 1.3 1.3 1.3 2/5/83 26 26 2.6
12/19/81 0.2 0.2 0.2 2/19/82 15 15 15 12/11/82 1.4 1.4 1.4 2/6/83 26 2.6 2.6
12/20/81 0.3 0.3 0.3 2/20/82 1.4 1.4 1.4 12/12/82 1.0 1.0 1.0 2/7/83 26 2.6 2.6
12/21/81 0.8 0.8 0.8 2/21/82 1.3 1.3 13 12/13/82 1.0 1.0 1.0 2/8/83 26 26 2.6
12/22/81 0.5 0.5 0.5 2/22/82 1.6 1.6 16 12/14/82 1.6 16 1.6 2/9/83 26 26 2.6
12/28/81 0.1 0.1 0.1 2/23/82 15 15 15 12/15/82 1.2 1.2 1.2 2/10/83 26 26 2.6
12/29/81 0.3 0.3 0.3 2/24/82 1.4 1.4 1.4 12/16/82 2.7 2.7 2.7 2/11/83 26 2.6 2.6
12/30/81 0.4 0.4 0.4 2/25/82 1.3 1.3 13 12/17/82 2.8 2.8 2.8 2/12/83 26 2.6 2.6
12/31/81 1.0 1.0 1.0 2/26/82 1.2 1.2 12 12/18/82 2.8 2.8 2.8 2/13/83 26 2.6 2.6
1/1/82 2.1 2.1 21 2/27/82 1.0 1.0 1.0 12/19/82 2.9 2.9 2.9 2/14/83 26 26 2.6
1/2/82 15 15 15 2/28/82 1.0 1.0 1.0 12/20/82 3.0 3.0 3.0 2/15/83 2.5 2.5 2.5
1/3/82 12 12 12 3/1/82 19 19 19 12/21/82 30 30 30 2/16/83 24 24 24
1/4/82 1.3 1.3 1.3 3/2/82 2.6 2.6 2.6 12/22/82 3.1 3.1 3.1 2/17/83 2.3 2.3 2.3
1/5/82 1.6 1.6 1.6 3/3/82 2.8 2.8 2.8 12/23/82 3.2 3.2 3.2 2/18/83 2.2 2.2 2.2
1/6/82 2.1 2.1 2.1 3/4/82 2.7 2.7 2.7 12/24/82 2.3 23 2.3 2/19/83 2.1 2.1 2.1
1/7/82 1.3 1.3 1.3 3/5/82 25 25 25 12/25/82 2.4 2.4 2.4 2/20/83 0.0 2.0 2.0
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Date No 250 550 Date No 250 550 Date No 250 550 Date \[o} 250 550
action AF AF action AF AF action AF AF action AF AF

2/21/83 00 19 19 12/1/83 31 31 31 1/27/84 19 19 19 12/22/84 20 20 20
2/22/83 00 19 19 12/2/83 36 36 36 1/28/84 17 17 17 12/23/84 20 20 20
2/23/83 00 18 18 12/3/83 37 37 37 1/29/84 17 17 17 12/24/84 20 20 20
2/24/83 0.0 17 1.7 12/4/83 3.2 3.2 3.2 1/30/84 1.2 12 1.2 12/25/84 2.0 2.0 2.0
2/25/83 00 16 16 12/5/83 33 33 33 1/31/84 1.1 11 11 12/26/84 21 21 21
2/26/83 00 15 15 12/6/83 29 29 29 2/20/84 04 04 04 12/27/84 33 33 33
2/27/83 00 14 14 12/7/83 30 30 30 2/21/84 06 06 06 12/28/84 43 43 43
2/28/83 00 14 14 12/8/83 35 35 35 2/22/84 08 08 08 12/29/84 34 34 34
3/1/83 00 06 06 12/9/83 36 36 36 2/23/84 1.0 10 10 12/30/84 25 25 25
3/2/83 00 05 05 12/10/83 37 37 37 2/24/84 13 13 13 12/31/84 25 25 25
3/3/83 0.0 0.8 0.8 12/11/83 3.7 3.7 3.7 2/25/84 05 05 05 1/1/85 1.9 1.9 1.9
3/4/83 0.0 1.6 1.6 12/12/83 3.8 3.8 3.8 2/26/84 17 17 17 1/2/85 1.9 1.9 1.9
3/5/83 0.0 14 1.4 12/13/83 3.9 3.9 3.9 2/27/84 1.9 19 19 1/3/85 1.9 1.9 1.9
3/6/83 0.0 1.2 1.2 12/14/83 35 35 35 2/28/84 21 21 21 1/4/85 20 20 20
3/7/83 0.0 1.0 1.0 12/15/83 4.1 4.1 4.1 3/1/84 5.6 56 56 1/5/85 20 20 20
3/8/83 0.0 0.8 0.8 12/16/83 3.2 3.2 3.2 3/2/84 5.7 57 5.7 1/6/85 26 26 26
3/9/83 0.0 2.6 2.6 12/17/83 2.8 2.8 2.8 3/3/84 5.8 58 538 1/7/85 26 26 26
3/10/83 0.0 2.4 2.4 12/18/83 2.8 2.8 2.8 3/4/84 5.9 59 5.9 1/8/85 3.2 3.2 32
3/11/83 0.0 2.2 2.2 12/19/83 2.8 2.8 2.8 3/5/84 45 6.0 6.0 1/9/85 3.3 3.3 33
3/12/83 0.0 2.0 2.0 12/20/83 3.2 3.2 3.2 3/6/84 0.0 6.0 6.0 1/10/85 3.3 3.3 33
3/13/83 0.0 0.0 3.8 12/21/83 2.6 2.6 2.6 3/7/84 0.0 6.1 6.1 1/11/85 28 28 28
3/14/83 0.0 0.0 5.6 12/22/83 2.3 2.3 2.3 3/8/84 0.0 7.2 72 1/12/85 29 29 29
3/15/83 0.0 0.0 6.4 12/23/83 2.8 2.8 2.8 3/9/84 0.0 7.2 72 1/13/85 2.4 24 2.4
3/16/83 0.0 0.0 6.3 12/24/83 2.3 2.3 2.3 3/10/84 0.0 33 83 1/14/85 2.4 24 2.4
3/17/83 0.0 0.0 6.3 12/25/83 2.8 2.8 2.8 3/11/84 0.0 8.4 3.4 1/15/85 25 25 25
3/18/83 0.0 0.0 6.3 12/26/83 2.8 2.8 2.8 3/12/84 0.0 8.4 3.4 1/16/85 25 25 25
3/19/83 0.0 0.0 6.3 12/27/83 31 3.1 31 3/13/84 0.0 8.4 3.4 1/17/85 25 25 25
3/20/83 0.0 0.0 6.3 12/28/83 2.3 2.3 2.3 3/14/84 0.0 9.4 9.4 1/18/85 21 21 21
3/21/83 0.0 0.0 5.2 12/29/83 2.1 2.1 2.1 3/15/84 0.0 95 95 1/19/85 27 27 27
3/22/83 00 00 52 12/30/83 21 21 21 3/16/84 00 74 112 1/20/85 27 27 27
3/23/83 00 00 52 12/31/83 19 19 19 3/17/84 00 00 128 1/21/85 27 27 27
3/24/83 00 00 52 1/1/84 23 23 2.3 3/18/84 00 00 124 1/22/85 23 23 23
3/25/83 00 00 51 1/2/84 23 23 23 3/19/84 00 00 139 1/23/85 24 24 24
3/26/83 00 00 41 1/3/84 27 27 27 3/20/84 00 00 165 1/24/85 24 24 24
11/8/83 16 16 16 1/4/84 23 23 23 3/21/84 00 00 209 1/25/85 22 22 22
11/9/83 16 16 16 1/5/84 23 23 23 3/22/84 00 00 273 1/26/85 24 24 24
11/10/83 25 25 25 1/6/84 23 23 23 3/23/84 00 00 105 1/27/85 24 24 24
11/11/83 25 25 25 1/7/84 27 27 27 12/1/84 01 01 01 1/28/85 32 32 32
11/12/83 35 35 35 1/8/84 27 27 27 12/2/84 04 04 04 1/29/85 28 28 28
11/13/83 44 44 44 1/9/84 27 27 27 12/4/84 05 05 05 1/30/85 28 28 28
11/14/83 5.4 5.4 5.4 1/10/84 2.7 2.7 2.7 12/5/84 0.4 0.4 0.4 1/31/85 23 23 23
11/15/83 5.3 5.3 5.3 1/11/84 25 25 2.5 12/6/84 0.6 06 06 2/1/85 2.4 24 2.4
11/16/83 5.4 5.4 5.4 1/12/84 25 25 2.5 12/7/84 0.8 08 08 2/2/85 2.4 24 2.4
11/17/83 5.4 5.4 5.4 1/13/84 2.0 2.0 2.0 12/8/84 18 18 18 2/3/85 2.4 24 2.4
11/18/83 6.4 6.4 6.4 1/14/84 3.0 3.0 3.0 12/9/84 21 21 21 2/4/85 25 25 25
11/19/83 5.4 5.4 5.4 1/15/84 25 25 2.5 12/10/84 23 23 23 2/5/85 25 25 25
11/20/83 6.4 6.4 6.4 1/16/84 2.0 2.0 2.0 12/11/84 24 2.4 24 2/6/85 25 25 25
11/21/83 7.4 7.4 7.4 1/17/84 1.8 1.8 1.8 12/12/84 26 26 26 2/7/85 25 25 25
11/22/83 6.5 6.5 6.5 1/18/84 0.7 0.7 0.7 12/13/84 4.6 4.6 4.6 2/8/85 25 25 25
11/23/83 5.6 5.6 5.6 1/19/84 11 1.1 1.1 12/14/84 4.7 4.7 4.7 2/9/85 25 25 25
11/24/83 56 56 56 1/20/84 14 14 14 12/15/84 29 29 29 2/10/85 25 25 25
11/25/83 56 56 56 1/21/84 13 13 13 12/16/84 25 25 25 2/11/85 25 25 25
11/26/83 57 57 57 1/22/84 11 11 11 12/17/84 26 26 26 2/12/85 25 25 25
11/27/83 52 52 52 1/23/84 10 10 10 12/18/84 19 19 19 2/13/85 25 25 25
11/28/83 53 53 53 1/24/84 13 13 13 12/19/84 20 20 20 2/14/85 25 25 25
11/29/83 53 53 53 1/25/84 17 17 17 12/20/84 27 27 27 2/15/85 26 26 26
11/30/83 53 53 53 1/26/84 20 20 20 12/21/84 20 20 20 2/16/85 27 27 27
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action AF AF action AF AF action AF AF action AF AF

2/17/85 27 27 27 11/20/85 26 26 26 1/16/86 29 29 29 10/15/86  25.6 256 25.6
2/18/85 26 26 26 11/21/85 27 27 27 1/17/86 39 39 39 10/16/86 309 309 30.9
2/19/85 24 24 24 11/22/85 17 17 17 1/18/86 39 39 39 10/17/86 343 343 343
2/20/85 24 24 24 11/23/85 27 27 27 1/19/86 39 39 39 10/18/86  36.8 36.8 36.8
2/21/85 23 23 23 11/24/85 28 28 28 1/20/86 39 39 39 10/19/86  39.2 39.2 39.2
2/22/85 23 23 23 11/25/85 38 38 38 1/21/86 39 39 39 10/20/86 345 345 345
2/23/85 23 23 23 11/26/85 39 39 39 1/22/86 29 29 29 10/21/86  29.8 29.8 29.8
2/24/85 23 23 23 11/27/85 39 39 39 1/23/86 48 48 48 10/22/86 79 251 251
2/25/85 23 23 23 11/28/85 40 40 40 1/24/86 48 48 48 10/23/86 00 194 194
2/26/85 23 23 23 11/29/85 60 60 6.0 1/25/86 29 29 29 10/24/86 00 167 167
2/27/85 27 27 27 11/30/85 51 51 51 1/26/86 29 29 29 10/25/86 00 151 151
2/28/85 26 26 26 12/1/85 33 33 33 1/27/86 39 39 39 10/26/86 00 124 124
3/1/85 34 34 34 12/2/85 34 34 34 1/28/86 39 39 39 10/27/86 00 118 11.8
3/2/85 34 34 34 12/3/85 25 25 25 1/29/86 58 58 58 10/28/86 00 59 102
3/3/85 33 33 33 12/4/85 17 17 17 1/30/86 68 68 68 10/29/86 00 00 106
3/4/85 28 28 28 12/5/85 17 17 17 1/31/86 00 68 68 10/30/86 00 00 110
3/5/85 43 43 43 12/6/85 18 18 18 2/1/86 00 71 71 10/31/86 00 00 145
3/6/85 38 38 38 12/7/85 18 18 18 212186 00 71 71 11/1/86 00 00 257
3/7/85 43 43 43 12/8/85 18 18 18 2/3/86 00 80 80 11/2/86 00 00 220
3/8/85 46 46 46 12/9/85 19 19 19 214186 00 51 51 11/3/86 00 00 124
3/9/85 5.6 5.6 5.6 12/10/85 1.9 1.9 1.9 2/5/86 0.0 50 5.0 11/1/87 0.1 0.1 0.1
3/10/85 114 114 114 12/11/85 1.9 1.9 1.9 2/6/86 0.0 6.0 6.0 11/2/87 0.1 0.1 0.1
3/11/85 128 153 153 12/12/85 2.0 2.0 2.0 2/7/86 0.0 6.0 6.0 11/3/87 0.1 0.1 0.1
3/12/85 00 172 172 12/13/85 2.0 2.0 2.0 2/8/86 0.0 4.0 4.0 11/4/87 0.1 0.1 0.1
3/13/85 00 152 152 12/14/85 2.0 2.0 2.0 2/9/86 0.0 4.0 4.0 11/5/87 14 14 14
3/14/85 00 152 152 12/15/85 20 20 20 2/10/86 00 30 30 11/6/87  39.6 396 39.6
3/15/85 00 162 162 12/16/85 20 20 20 2/11/86 00 39 39 11/7/87 245 245 245
3/16/85 00 150 15.0 12/17/85 20 20 20 2/12/86 00 32 58 11/8/87 161 161 161
3/17/85 00 114 147 12/18/85 20 20 20 2/13/86 00 00 87 11/9/87 145 145 145
3/18/85 00 00 143 12/19/85 19 19 19 2/14/86 00 00 77 11/10/87 130 130 13.0
3/19/85 00 00 159 12/20/85 19 19 19 2/15/86 00 00 75 11/11/87 114 114 114
3/20/85 0.0 0.0 146 12/21/85 1.9 1.9 1.9 2/16/86 0.0 0.0 73 11/12/87 8.9 8.9 3.9
3/21/85 0.0 0.0 153 12/22/85 1.9 1.9 1.9 2/17/86 0.0 0.0 6.1 11/13/87 73 73 73
3/22/85 0.0 0.0 14.0 12/23/85 1.9 1.9 1.9 2/18/86 0.0 0.0 538 11/14/87 76 76 76
3/23/85 0.0 0.0 136 12/24/85 1.8 1.8 1.8 2/19/86 0.0 0.0 56 11/15/87 6.0 6.0 6.0
3/24/85 0.0 0.0 142 12/25/85 1.8 1.8 1.8 2/20/86 0.0 0.0 6.4 11/16/87 4.4 4.4 4.4
3/25/85 00 00 13 12/26/85 18 18 18 2/21/86 00 00 52 11/17/87 29 29 29
9/19/85 251 251 251 12/27/85 1.8 1.8 1.8 2/22/86 0.0 0.0 4.0 11/18/87 0.1 0.1 0.1
11/1/85 38 38 38 12/28/85 18 18 18 2/23/86 00 00 28 11/19/87 16 16 16
11/2/85 34 34 34 12/29/85 18 18 18 2/24/86 00 00 26 11/20/87 1.0 10 10
11/3/85 30 30 30 12/30/85 37 37 37 2/25/86 00 00 23 11/21/87 13 13 13
11/4/85 27 27 27 12/31/85 19 19 19 2/26/86 00 00 40 11/22/87 07 07 07
11/5/85 23 23 23 1/1/86 22 22 22 2/27/86 00 00 12 11/23/87 1.1 11 11
11/6/85 19 19 19 1/2/86 22 22 22 10/1/86 78 78 78 11/24/87 04 04 04
11/7/85 25 25 25 1/3/86 42 42 42 10/2/86 169 169 16.9 11/25/87 07 07 07
11/8/85 22 22 22 1/4/86 23 23 23 10/3/86  16.8 168 16.8 11/26/87 1.1 11 11
11/9/85 18 18 18 1/5/86 24 24 24 10/4/86  13.6 136 136 11/27/87 04 04 04
11/10/85 24 24 24 1/6/86 24 24 24 10/5/86 145 145 145 11/28/87 07 07 07
11/11/85 30 30 30 1/7/86 25 25 25 10/6/86  21.6 216 216 11/29/87 01 01 0.1
11/12/85 45 45 45 1/8/86 25 25 25 10/7/86 215 215 215 11/30/87 04 04 04
11/13/85 41 41 41 1/9/86 26 26 26 10/8/86 183 183 183 12/1/87 14 14 14
11/14/85 2.8 2.8 2.8 1/10/86 3.6 3.6 3.6 10/9/86 172 172 17.2 12/2/87 1.7 1.7 1.7
11/15/85 14 14 14 1/11/86 36 36 36 10/10/86  20.1 201 20.1 12/3/87 19 19 19
11/16/85 24 24 24 1/12/86 47 47 47 10/11/86  30.2 30.2 30.2 12/4/87 31 31 31
11/17/85 35 35 35 1/13/86 38 38 38 10/12/86  26.0 260 26.0 12/5/87 33 33 33
11/18/85 35 35 35 1/14/86 48 48 48 10/13/86  17.7 17.7 17.7 12/6/87 35 35 35
11/19/85 16 16 16 1/15/86 29 29 29 10/14/86  19.6 196 19.6 12/7/87 27 27 27
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Date No 250 550 Date No 250 550 Date No 250 550 Date No 250 550
action AF AF action AF AF action AF AF action AF AF

12/8/87 20 20 20 2/3/88 00 32 32 11/27/88 30 30 30 1/23/89 16 16 16
12/9/87 22 22 22 2/4/88 00 32 32 11/28/88 26 26 26 1/24/89 14 14 14
12/10/87 25 25 25 2/5/88 00 22 22 11/29/88 21 21 21 1/25/89 14 14 14
12/11/87 27 27 27 2/6/88 00 22 22 11/30/88 27 27 27 1/26/89 08 08 08
12/12/87 30 30 30 2/7/88 00 22 22 12/1/88 05 05 05 1/27/89 1.1 11 11
12/13/87 22 22 22 2/8/88 00 22 22 12/2/88 08 08 08 1/28/89 09 09 09
12/14/87 1.4 1.4 14 2/9/88 0.0 2.2 22 12/3/88 0.8 0.8 0.8 1/29/89 0.5 0.5 0.5
12/15/87 1.0 1.0 1.0 2/10/88 0.0 2.7 2.7 12/4/88 0.7 0.7 0.7 1/30/89 0.4 0.4 0.4
12/16/87 1.7 1.7 1.7 2/11/88 0.0 2.1 2.1 12/5/88 0.6 06 06 1/31/89 0.3 0.3 03
12/17/87 2.8 2.8 2.8 2/12/88 0.0 3.1 31 12/6/88 11 11 11 2/1/89 0.2 0.2 0.2
12/18/87 4.0 4.0 4.0 2/13/88 0.0 4.1 4.1 12/7/88 11 11 11 2/2/89 05 05 05
12/19/87 4.1 4.1 4.1 2/14/88 0.0 3.1 31 12/8/88 1.0 1.0 1.0 2/3/89 0.4 0.4 0.4
12/20/87 3.2 3.2 3.2 2/15/88 0.0 2.9 2.9 12/9/88 0.9 0.9 09 2/4/89 0.9 0.9 0.9
12/21/87 15 15 1.5 2/16/88 0.0 3.7 3.7 12/10/88 13 13 13 2/5/89 0.0 0.0 0.0
12/22/87 24 2.4 2.4 2/17/88 0.0 2.4 2.4 12/11/88 0.8 08 08 2/6/89 0.0 0.0 0.0
12/23/87 35 35 35 2/18/88 0.0 2.2 2.2 12/12/88 1.2 12 12 2/7/89 0.0 0.0 0.0
12/24/87 2.6 2.6 2.6 2/19/88 0.0 2.0 2.0 12/13/88 1.2 1.2 1.2 2/8/89 0.0 0.0 0.0
12/25/87 2.6 2.6 2.6 2/20/88 0.0 0.0 1.7 12/14/88 11 11 11 2/9/89 0.1 0.1 0.1
12/26/87 27 27 27 2/21/88 00 00 15 12/15/88 1.1 11 11 2/10/89 04 04 04
12/27/87 28 28 28 2/22/88 00 00 13 12/16/88 1.1 11 11 2/11/89 01 01 0.1
12/28/87 19 19 19 2/23/88 00 00 10 12/17/88 1.1 11 11 2/12/89 01 01 0.1
12/29/87 29 29 29 2/24/88 00 00 08 12/18/88 16 16 16 2/13/89 01 01 0.1
12/30/87 30 30 30 2/25/88 00 00 16 12/19/88 20 20 20 2/14/89 01 01 0.1
12/31/87 21 21 21 2/26/88 00 00 14 12/20/88 17 17 17 2/15/89 01 01 0.1
1/1/88 18 18 18 2/27/88 00 00 14 12/21/88 13 13 13 2/16/89 01 01 0.1
1/2/88 11 11 11 2/28/88 00 00 19 12/22/88 13 13 13 2/17/89 00 00 00
1/3/88 11 11 11 3/1/88 00 00 31 12/23/88 13 13 13 3/10/89 26 26 26
1/4/88 20 20 20 3/2/88 00 00 38 12/24/88 09 09 09 3/11/89 481 481 48.1
1/5/88 40 40 40 3/3/88 00 00 45 12/25/88 14 14 14 3/12/89 366 366 36.6
1/6/88 50 50 50 3/4/88 00 00 52 12/26/88 09 10 10 3/13/89 332 332 332
1/7/88 32 32 32 3/5/88 00 00 40 12/27/88 05 05 05 3/14/89 347 347 347
1/8/88 32 32 32 3/6/88 00 00 66 12/28/88 05 05 05 3/15/89 229 283 283
1/9/88 33 33 33 3/7/88 00 00 73 12/29/88 06 06 06 3/16/89 00 295 295
1/10/88 33 33 33 3/8/88 00 00 32 12/30/88 1.1 11 11 3/17/89 00 364 364
1/11/88 43 43 43 3/9/88 00 00 49 12/31/88 16 16 16 3/18/89 00 343 343
1/12/88 24 24 24 3/10/88 00 00 75 1/1/89 26 26 26 3/19/89 00 33 362
1/13/88 25 25 25 3/11/88 00 00 43 1/2/89 26 26 26 3/20/89 00 00 311
1/14/88 25 25 25 3/12/88 00 00 21 1/3/89 27 27 27 3/21/89 00 00 230
1/15/88 35 35 35 3/13/88 00 00 38 1/4/89 32 32 32 3/22/89 00 00 220
1/16/88 45 45 45 3/14/88 00 00 35 1/5/89 37 37 37 3/23/89 00 00 257
1/17/88 45 45 45 3/15/88 0.0 0.0 1.9 1/6/89 3.3 33 33 11/1/89 0.3 0.3 03
1/18/88 35 35 35 11/11/88 14 1.4 1.4 1/7/89 0.9 0.9 09 11/2/89 0.4 0.4 0.4
1/19/88 25 25 2.5 11/12/88 0.9 0.9 0.9 1/8/89 1.0 1.0 1.0 11/3/89 0.4 0.4 0.4
1/20/88 15 15 1.5 11/13/88 1.6 1.6 1.6 1/9/89 1.0 1.0 1.0 11/4/89 0.4 0.4 0.4
1/21/88 15 15 1.5 11/14/88 2.9 2.9 2.9 1/10/89 15 15 15 11/5/89 0.4 0.4 0.4
1/22/88 15 15 1.5 11/15/88 4.7 4.7 4.7 1/11/89 21 21 21 3/23/90 0.6 0.6 0.6
1/23/88 15 15 1.5 11/16/88 3.9 3.9 3.9 1/12/89 11 11 11 3/24/90 14 15 15
1/24/88 10 10 10 11/17/88 32 32 32 1/13/89 12 12 12 3/25/90 20 20 20
1/25/88 15 15 1.5 11/18/88 2.8 2.8 2.8 1/14/89 17 17 17 3/26/90 1.8 18 1.8
1/26/88 1.4 14 1.4 11/19/88 2.6 2.6 2.6 1/15/89 18 18 18 3/27/90 13 13 13
1/27/88 24 2.4 2.4 11/20/88 2.1 2.1 2.1 1/16/89 17 17 17 3/28/90 0.9 0.9 0.9
1/28/88 1.9 3.3 3.3 11/21/88 2.2 2.2 2.2 1/17/89 21 21 21 3/29/90 13 13 13
1/29/88 0.0 2.7 2.7 11/22/88 2.2 2.2 2.2 1/18/89 20 20 20 3/30/90 1.0 1.0 1.0
1/30/88 0.0 2.4 2.4 11/23/88 2.3 2.3 2.3 1/19/89 1.9 19 19 3/31/90 1.0 1.0 1.0
1/31/88 00 23 23 11/24/88 27 27 27 1/20/89 18 19 19 11/11/90 16 17 17
2/1/88 00 33 33 11/25/88 38 38 38 1/21/89 18 18 18 11/12/90 26 26 26
2/2/88 00 33 33 11/26/88 34 34 34 1/22/89 17 17 17 11/13/90 42 43 43
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Date No 250 550 Date No 250 550 Date No 250 550 Date No 250 550
action AF AF action AF AF action AF AF action AF AF

11/14/90 5.1 5.2 5.2 3/13/91 6.5 6.5 6.5 3/30/93 0.0 359 359 2/4/94 1.0 1.0 1.0
11/15/90 6.8 6.8 6.8 3/14/91 8.4 8.4 8.4 3/31/93 0.0 324 324 2/5/94 15 1.5 15
11/16/90 6.8 6.8 6.9 3/15/91 7.3 7.3 7.3 11/7/93 0.7 0.7 0.7 2/6/94 11 11 11
11/17/90 6.8 6.9 6.9 3/16/91 6.3 6.3 6.3 11/8/93 0.4 0.4 0.4 2/7/94 12 1.2 12
11/18/90 6.8 6.9 6.9 3/17/91 34 34 34 11/9/93 1.1 1.1 1.1 2/8/94 2.9 2.9 2.9
11/19/90 6.8 6.8 6.9 3/18/91 2.6 2.6 2.6 11/10/93 1.9 1.9 1.9 2/9/94 1.0 1.0 1.0
11/20/90 7.6 7.6 7.7 3/19/91 1.7 1.8 1.8 11/11/93 35 35 35 2/10/94 11 11 11
11/21/90 6.1 6.1 6.1 11/13/91 0.1 0.1 0.1 11/12/93 5.2 5.2 5.2 2/11/94 0.2 0.2 0.2
11/22/90 45 45 45 11/14/91 2.0 2.0 2.0 11/13/93 49 4.9 4.9 2/12/94 0.2 0.2 0.2
11/23/90 45 45 45 11/15/91 47 4.7 4.7 11/14/93 5.6 5.6 5.6 2/17/94 0.0 0.0 0.0
11/24/90 4.5 45 4.5 11/16/91 3.0 3.0 3.0 11/15/93 5.3 53 53 2/18/94 0.4 0.4 0.4
11/25/90 45 45 45 11/17/91 3.6 3.6 3.6 11/16/93 4.2 4.2 4.2 2/19/94 0.2 0.2 0.2
11/26/90 5.3 5.3 5.3 11/18/91 3.3 3.3 33 11/17/93 41 4.1 4.1 2/20/94 0.5 0.5 0.5
11/27/90 45 45 4.6 11/19/91 2.1 2.1 2.1 11/18/93 4.0 4.0 4.0 2/22/94 0.0 0.0 0.0
11/28/90 3.0 3.0 3.0 11/20/91 1.0 1.0 1.0 11/19/93 3.9 3.9 3.9 2/26/94 0.1 0.1 0.1
11/29/90 3.0 3.0 3.0 11/21/91 15 1.5 15 11/20/93 3.8 3.8 3.8 2/27/94 0.1 0.1 0.1
11/30/90 3.8 3.8 3.8 11/22/91 0.9 0.9 0.9 11/21/93 3.8 3.8 3.8 2/28/94 0.3 0.3 0.3
2/1/91 0.0 0.0 0.0 11/23/91 0.4 0.4 0.4 11/22/93 37 37 3.7 3/19/94 0.8 0.8 0.8
2/2/91 0.0 0.0 0.0 11/24/91 0.4 0.4 0.4 11/23/93 4.4 4.4 4.4 3/20/94 6.9 6.9 6.9
2/3/91 0.0 0.0 0.0 11/25/91 0.3 0.3 0.3 11/24/93 4.6 4.6 4.6 3/21/94 71 7.1 7.1
2/4/91 0.0 0.0 0.0 11/26/91 0.7 0.7 0.7 11/25/93 2.5 2.5 25 3/22/94 8.2 8.2 8.2
2/5/91 00 00 00 11/27/91 11 11 11 11/26/93 25 25 25 3/23/94 94 94 94
2/6/91 0.0 0.0 0.0 11/28/91 15 15 15 11/27/93 2.9 2.9 2.9 3/24/94 8.5 85 8.5
2/7/91 0.0 0.0 0.0 11/29/91 2.2 22 2.2 11/28/93 33 3.3 3.3 3/25/94 7.7 7.7 7.7
2/8/91 0.0 0.0 0.0 11/30/91 2.8 28 2.8 11/29/93 35 35 35 3/26/94 6.8 6.8 6.8
2/9/91 0.0 0.0 0.0 3/19/92 0.2 0.2 0.2 11/30/93 3.2 3.2 3.2 3/27/94 6.0 6.0 6.0
2/10/91 0.0 0.0 0.0 3/20/92 0.3 0.3 0.3 1/3/94 0.0 0.0 0.0 3/28/94 31 31 3.1
2/11/91 0.0 0.0 0.0 3/31/92 0.7 0.7 0.7 1/4/94 0.0 0.0 0.0 3/29/94 23 2.3 2.3
2/12/91 0.0 0.0 0.0 3/1/93 0.8 0.8 0.8 1/5/94 0.0 0.0 0.0 3/30/94 15 15 15
2/13/91 0.0 0.0 0.0 3/2/93 0.8 0.8 0.8 1/6/94 0.0 0.0 0.0 3/31/94 0.7 0.7 0.7
2/14/91 0.0 0.0 0.0 3/3/93 1.3 1.3 13 1/7/94 0.0 0.0 0.0 11/12/94 1.9 1.9 1.9
2/15/91 0.0 0.0 0.0 3/4/93 1.9 1.9 1.9 1/8/94 0.1 0.1 0.1 1/1/95 0.2 0.2 0.2
2/16/91 0.0 0.0 0.0 3/5/93 2.4 2.4 24 1/9/94 0.1 0.1 0.1 1/2/95 0.2 0.2 0.2
2/17/91 0.0 0.0 0.0 3/6/93 2.4 2.4 24 1/10/94 0.1 0.1 0.1 1/3/95 0.2 0.2 0.2
2/18/91 0.0 0.0 0.0 3/7/93 2.4 2.4 24 1/11/94 0.1 0.1 0.1 1/4/95 0.3 0.3 0.3
2/19/91 0.0 0.0 0.0 3/8/93 2.4 2.4 24 1/12/94 0.1 0.1 0.1 1/5/95 0.3 0.3 0.3
2/20/91 0.0 0.0 0.0 3/9/93 2.9 2.9 2.9 1/13/94 0.1 0.1 0.1 1/6/95 0.9 0.9 0.9
2/21/91 0.0 0.0 0.0 3/10/93 3.3 3.3 3.3 1/14/94 0.1 01 01 1/7/95 0.4 0.4 0.4
2/22/91 0.2 0.2 0.2 3/11/93 3.8 3.8 3.8 1/15/94 0.1 0.1 0.1 1/8/95 2.2 2.2 2.2
2/23/91 1.0 1.0 1.0 3/12/93 35 35 35 1/16/94 0.1 0.1 0.1 1/9/95 1.9 1.9 1.9
2/24/91 0.7 0.7 0.7 3/13/93 25 2.5 25 1/17/94 0.1 0.1 0.1 1/10/95 1.8 1.8 1.8
2/25/91 0.2 0.2 0.2 3/14/93 35 35 35 1/18/94 0.1 0.1 0.1 1/11/95 1.9 1.9 1.9
2/26/91 0.0 0.0 0.0 3/15/93 4.2 4.2 4.2 1/19/94 0.1 0.1 0.1 1/12/95 2.1 2.1 2.1
2/27/91 0.7 0.7 0.7 3/16/93 5.0 5.0 5.0 1/20/94 0.1 0.1 0.1 1/13/95 2.0 2.0 2.0
2/28/91 2.7 2.7 2.7 3/17/93 48 48 4.8 1/21/94 0.1 0.1 0.1 1/14/95 15 1.5 15
3/1/91 8.6 8.6 8.6 3/18/93 4.3 43 43 1/22/94 0.1 0.1 0.1 1/15/95 2.0 2.0 2.0
3/2/91 8.6 8.6 8.6 3/19/93 5.9 5.9 5.9 1/23/94 0.1 0.1 0.1 1/16/95 1.7 1.7 1.7
3/3/91 8.5 8.5 85 3/20/93 5.4 5.4 5.4 1/24/94 0.1 0.1 0.1 1/17/95 0.7 0.7 0.7
3/4/91 75 75 75 3/21/93 6.9 6.9 6.9 1/25/94 0.1 0.1 0.1 1/18/95 0.7 0.7 0.7
3/5/91 114 114 114 3/22/93 7.5 75 7.5 1/26/94 0.1 0.1 0.1 1/19/95 0.7 0.7 0.7
3/6/91 103 103 10.3 3/23/93  11.0 11.0 11.0 1/27/94 0.1 0.1 0.1 1/20/95 0.7 0.7 0.7
3/7/91 8.2 8.2 8.2 3/24/93 176 176 17.6 1/28/94 0.1 0.1 0.1 1/21/95 0.7 0.7 0.7
3/8/91 7.1 7.1 7.1 3/25/93 261 261 26.1 1/29/94 0.1 0.1 0.1 1/22/95 0.7 0.7 0.7
3/9/91 7.0 7.0 7.0 3/26/93 36.6 366 36.6 1/30/94 0.0 0.0 0.0 1/23/95 0.9 0.9 0.9
3/10/91 7.9 7.9 7.9 3/27/93 422 422 422 1/31/94 0.0 0.0 0.0 1/24/95 1.6 1.6 1.6
3/11/91 7.8 7.8 7.8 3/28/93 528 528 52.8 2/1/94 0.1 0.1 0.1 1/25/95 3.0 3.0 3.0
3/12/91 5.6 5.6 5.6 3/29/93 443 443 443 212194 0.0 0.0 0.0 1/26/95 3.2 3.2 3.2
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Date No 250 550 Date No 250 550 Date No 250 550 Date No 250 550
action AF AF action AF AF action AF AF action AF AF

1/27/95 30 30 30 12/5/95 11 11 11 2/15/96 07 07 07 12/24/96 39 39 39
1/28/95 20 20 20 12/6/95 06 06 06 2/16/96 06 06 06 12/25/96 50 50 5.0
1/29/95 22 22 22 12/7/95 05 05 05 2/17/96 06 06 06 12/26/96 51 51 5.1
1/30/95 17 17 17 12/8/95 04 04 04 2/18/96 07 07 07 12/27/96 52 52 52
1/31/95 24 24 24 12/9/95 03 03 03 2/19/96 05 05 05 12/28/96 50 50 5.0
2/1/95 17 17 17 12/10/95 00 00 00 2/20/96 30 30 30 12/29/96 53 53 53

2/2/95 17 17 17 12/14/95 00 00 00 2/21/96 35 35 35 12/30/96 56 56 5.6

2/3/95 16 16 16 12/27/95 00 00 00 2/22/96 20 20 20 12/31/96 43 43 43

2/4/95 1.6 1.6 1.6 12/28/95 0.1 0.1 0.1 2/23/96 20 20 20 1/1/97 43 4.3 4.3

2/5/95 2.1 2.1 2.1 12/29/95 0.1 0.1 0.1 2/24/96 0.9 0.9 09 1/2/97 43 4.3 4.3

2/6/95 2.1 2.1 2.1 12/30/95 0.1 0.1 0.1 2/25/96 1.0 1.0 1.0 1/3/97 6.9 6.9 6.9

2/7/95 2.1 2.1 2.1 12/31/95 11 1.1 1.1 2/26/96 1.0 1.0 1.0 1/4/97 5.9 5.9 5.9

2/8/95 22 22 22 1/1/96 06 06 06 2/27/96 1.1 11 11 1/5/97 59 59 59

2/9/95 20 20 20 1/2/96 05 05 05 2/28/96 02 02 02 1/6/97 55 55 55

2/10/95 2.0 2.0 2.0 1/3/96 0.5 0.5 0.5 3/1/96 26 26 26 1/7/97 5.0 5.0 5.0
2/11/95 2.0 2.0 2.0 1/4/96 0.6 0.6 0.6 3/2/96 26 26 26 1/8/97 5.0 5.0 5.0
2/12/95 25 25 25 1/5/96 0.6 0.6 0.6 3/3/96 25 25 25 1/9/97 5.0 5.0 5.0
2/13/95 24 24 24 1/6/96 06 06 06 3/4/96 34 34 34 1/10/97 50 50 5.0
2/14/95 34 34 34 1/7/96 0.7 0.7 0.7 3/5/96 3.8 3.8 3.8 1/11/97 5.0 5.0 5.0
2/15/95 44 44 44 1/8/96 07 07 07 3/6/96 32 32 32 1/12/97 50 50 50
2/16/95 13 13 13 1/9/96 0.7 07 07 3/7/96 22 22 22 1/13/97 50 50 5.0
2/17/95 2.3 2.3 2.3 1/10/96 0.7 0.7 0.7 3/8/96 31 31 31 1/14/97 3.3 3.3 33
2/18/95 33 3.3 3.3 1/11/96 0.7 0.7 0.7 3/9/96 4.0 4.0 4.0 1/15/97 5.1 5.1 5.1
2/19/95 43 43 43 1/12/96 08 08 08 3/10/96 47 47T 4T 1/16/97 41 41 41
2/20/95 42 42 42 1/13/96 08 08 08 3/11/96 47 47T 4T 1/17/97 41 41 41
2/21/95 52 52 52 1/14/96 08 08 08 3/12/96 47 47T 4T 1/18/97 41 41 41
2/22/95 52 52 52 1/15/96 08 08 08 3/13/96 46 46 4.6 1/19/97 41 41 41
2/23/95 51 51 51 1/16/96 08 08 08 3/14/96 35 35 35 1/20/97 42 42 42
2/24/95 71 71 71 1/17/96 08 08 08 3/15/96 41 41 41 1/21/97 46 46 46
2/25/95 121 121 121 1/18/96 0.5 0.5 0.5 3/16/96 35 35 35 1/22/97 47 4.7 4.7
2/26/95 151 151 151 1/19/96 0.4 0.4 0.4 3/17/96 24 2.4 24 1/23/97 47 4.7 4.7
2/27/95 181 181 181 1/20/96 0.4 0.4 0.4 3/18/96 1.0 1.0 1.0 1/24/97 42 4.2 4.2
2/28/95 221 221 221 1/21/96 0.4 0.4 0.4 11/22/96 29 29 29 1/25/97 3.7 3.7 3.7
3/1/95 262 262 262 1/22/96 0.4 0.4 0.4 11/29/96 0.3 03 0.4 1/26/97 42 4.2 4.2

3/2/95 282 282 282 1/23/96 0.4 0.4 0.4 12/1/96 75 75 75 1/27/97 47 4.7 4.7

3/3/95 247 247 247 1/24/96 0.4 0.4 0.4 12/2/96 6.6 6.7 6.7 1/28/97 47 4.7 4.7

3/4/95 278 278 2738 1/25/96 0.5 0.5 0.5 12/3/96 5.8 58 538 1/29/97 0.0 4.2 4.2

3/5/95 265 265 265 1/26/96 0.5 0.5 0.5 12/4/96 5.0 50 5.0 1/30/97 0.0 4.7 4.7

3/6/95 264 264 264 1/27/96 0.6 0.6 0.6 12/5/96 5.2 52 5.2 1/31/97 0.0 4.7 4.7

3/7/95 21.8 218 2138 1/28/96 0.5 0.5 0.5 12/6/96 9.8 9.8 938 2/1/97 0.0 5.7 5.7

3/8/95 00 173 173 1/29/96 0.4 0.4 0.5 12/7/96 9.0 9.0 9.0 2/2/97 0.0 5.1 5.1

3/9/95 00 128 1238 1/30/96 0.5 0.5 0.5 12/8/96 7.0 7.0 70 2/3/97 0.0 5.1 5.1

3/10/95 00 127 127 1/31/96 0.4 0.4 0.4 12/9/96 73 73 73 2/4/97 0.0 5.1 5.1
3/11/95 00 125 125 2/1/96 0.9 0.9 0.9 12/10/96 8.6 36 3.6 2/5/97 0.0 4.7 4.7
3/12/95 00 112 112 2/2/96 0.9 0.9 0.9 12/11/96 9.9 9.9 9.9 2/6/97 0.0 4.6 4.6
3/13/95 00 89 89 2/3/96 09 09 09 12/12/96 90 90 9.0 217197 00 47 47
3/14/95 00 98 98 2/4/96 08 08 08 12/13/96 92 92 92 2/8/97 00 42 42
3/15/95 00 129 129 2/5/96 08 08 08 12/14/96 105 105 105 2/9/97 00 42 42
3/16/95 00 61 168 2/6/96 08 08 08 12/15/96 96 96 9.6 2/10/97 00 42 42
3/17/95 00 00 279 2/7/96 0.7 07 07 12/16/96 86 86 86 2/11/97 00 42 42
3/18/95 00 00 337 2/8/96 07 07 07 12/17/96 87 87 87 2/12/97 00 47 47
3/19/95 00 00 481 2/9/96 07 07 07 12/18/96 98 98 99 2/13/97 00 48 48
3/20/95 00 00 103 2/10/96 0.7 07 07 12/19/96 6.7 67 6.7 2/14/97 00 48 48
12/1/95 09 09 09 2/11/96 0.7 07 07 12/20/96 57 57 57 2/15/97 00 35 48
12/2/95 12 12 12 2/12/96 0.7 07 07 12/21/96 58 58 58 2/16/97 00 00 53
12/3/95 12 12 12 2/13/96 0.7 07 07 12/22/96 58 58 58 2/17/97 00 00 6.3
12/4/95 1.2 1.2 1.2 2/14/96 0.7 0.7 0.7 12/23/96 5.9 5.9 5.9 2/18/97 0.0 0.0 6.3
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Date No 250 550 Date No 250 550 Date No 250 550 Date No 250 550
action AF AF action AF AF action AF AF action AF AF

2/19/97 0.0 0.0 7.3 12/9/97 4.2 4.2 4.2 3/10/98 0.0 0.0 4.6 1/17/00 0.1 0.1 0.1
2/20/97 0.0 0.0 7.4 12/10/97 4.2 42 42 3/11/98 0.0 0.0 4.7 1/18/00 0.1 0.1 0.1
2/21/97 0.0 0.0 7.4 12/11/97 4.2 42 42 3/12/98 0.0 0.0 4.9 1/19/00 0.1 0.1 0.1
2122197 0.0 0.0 7.4 12/12/97 2.8 28 2.8 3/13/98 0.0 0.0 0.9 1/20/00 0.1 0.1 0.1
2/23/97 0.0 0.0 7.4 12/13/97 3.3 3.3 33 10/31/98 1.3 1.4 1.4 1/21/00 0.1 0.1 0.1
224197 0.0 0.0 8.4 12/14/97 34 34 3.4 11/1/98 1.0 1.0 1.0 1/22/00 0.1 0.1 0.1
2/25/97 0.0 0.0 8.4 12/15/97 3.4 34 3.4 11/2/98 15 15 15 1/23/00 0.1 0.1 0.1
2/26/97 0.0 0.0 75 12/16/97 34 34 3.4 11/3/98 1.6 16 1.6 1/24/00 0.1 0.1 0.1
2127197 0.0 0.0 6.5 12/17/97 34 34 3.4 11/4/98 1.2 1.2 1.2 1/25/00 0.1 0.1 0.1
2/28/97 0.0 0.0 75 12/18/97 3.3 33 33 11/5/98 1.3 1.3 1.3 1/26/00 0.1 0.1 0.1
3/1/97 0.0 0.0 7.3 12/19/97 3.2 32 32 11/6/98 1.4 1.4 1.4 1/27/00 0.1 0.1 0.1
3/2/97 0.0 0.0 6.2 12/20/97 2.7 2.7 2.7 11/7/98 1.4 1.4 1.4 1/28/00 0.1 0.1 0.1
3/3/97 0.0 0.0 1.7 12/21/97 2.6 2.6 26 11/8/98 15 15 15 1/29/00 0.1 0.1 0.1
9/16/97 285 285 285 12/22/97 2.7 2.7 2.7 11/9/98 1.6 1.6 1.6 1/30/00 0.1 0.1 0.1
9/21/97 1164 116. 116. 12/23/97 2.6 2.6 2.6 11/10/98 0.8 0.8 0.8 1/31/00 0.1 0.1 0.1
9/22/97 1164 116. 116. 12/24/97 2.4 2.4 24 11/11/98 0.5 0.5 0.5 2/1/00 0.1 0.1 0.1
9/23/97 289 29.1 293 12/25/97 0.0 1.8 1.8 11/12/98 0.1 0.1 0.1 2/2/00 0.0 0.1 0.1
9/24/97 6.1 6.2 6.4 12/26/97 0.0 1.3 1.3 11/13/98 0.2 0.2 0.2 2/3/00 0.0 0.0 0.0
9/25/97 2.4 25 2.7 12/27/97 0.0 1.7 17 11/14/98 0.2 0.3 0.3 2/17/00 0.0 0.0 0.0
9/26/97 0.0 0.0 0.2 12/28/97 0.0 1.1 1.1 11/15/98 0.3 0.3 0.3 3/1/00 15 15 15
11/2/97 0.6 0.6 0.6 12/29/97 0.0 1.6 1.6 11/16/98 0.2 0.2 0.2 3/2/00 15 15 15
11/3/97 15 15 15 12/30/97 0.0 2.0 2.0 11/17/98 0.0 0.0 0.0 3/3/00 15 15 15
11/4/97 1.3 1.3 1.3 12/31/97 0.0 14 1.4 12/1/98 8.1 8.1 8.1 3/4/00 1.6 1.6 1.6
11/5/97 2.2 2.2 2.2 1/1/98 0.0 0.6 0.6 12/2/98 7.7 7.7 7.7 3/5/00 1.9 1.9 1.9
11/6/97 2.0 2.0 2.0 1/2/98 0.0 0.6 0.6 12/3/98 4.4 4.4 4.4 3/6/00 17 1.7 1.7
11/7/97 2.9 2.9 2.9 1/3/98 0.0 0.6 0.6 12/4/98 2.6 2.6 2.6 3/7/00 2.0 2.0 2.0
11/8/97 3.8 3.8 3.8 1/4/98 0.0 0.8 0.8 12/5/98 2.3 2.3 2.3 3/8/00 15 15 15
11/9/97 4.6 4.6 46 1/5/98 0.0 0.6 0.6 12/6/98 0.4 0.4 0.4 3/9/00 15 15 15
11/10/97 5.4 5.4 5.4 1/6/98 0.0 0.1 0.1 3/7/99 0.1 0.1 0.1 3/10/00 15 15 15
11/11/97 6.3 6.3 6.3 2/10/98 0.0 0.0 0.0 3/8/99 0.8 0.8 0.8 3/11/00 15 15 15
11/12/97 7.1 7.1 7.1 2/11/98 0.0 0.0 0.0 3/9/99 2.4 2.4 2.4 3/12/00 17 1.7 17
11/13/97 8.0 8.0 8.0 2/12/98 0.0 0.0 0.1 3/10/99 3.1 3.1 3.1 3/13/00 2.3 2.3 2.3
11/14/97 7.8 7.8 7.8 2/13/98 0.0 0.0 0.1 3/11/99 3.9 3.9 3.9 3/14/00 2.3 2.3 2.3
11/15/97 8.6 8.6 8.6 2/14/98 0.0 0.0 0.1 3/12/99 3.7 3.7 3.7 3/15/00 2.4 24 2.4
11/16/97 7.6 7.6 7.6 2/15/98 0.0 0.0 0.2 3/13/99 3.4 35 35 3/16/00 1.9 1.9 1.9
11/17/97 75 7.5 75 2/16/98 0.0 0.0 0.3 3/14/99 3.3 3.3 3.3 3/17/00 17 1.7 17
11/18/97 6.5 6.5 6.5 2/17/98 0.0 0.0 04 3/15/99 3.1 3.1 3.1 3/18/00 0.7 0.7 0.7
11/19/97 6.4 6.4 6.4 2/18/98 0.0 0.0 04 3/16/99 2.6 2.6 2.6 3/19/00 0.1 0.1 0.1
11/20/97 6.4 6.4 6.4 2/19/98 0.0 0.0 0.5 3/17/99 2.0 2.0 2.0 3/20/00 0.7 0.7 0.7
11/21/97 6.3 6.3 6.3 2/20/98 0.0 0.0 0.6 3/18/99 1.4 1.4 1.4 3/21/00 1.9 1.9 1.9
11/22/97 6.3 6.3 6.3 2/21/98 0.0 0.0 0.7 3/19/99 17 17 17 3/22/00 0.4 0.4 0.4
11/23/97 6.3 6.3 6.3 2/22/98 0.0 0.0 0.8 3/20/99 1.1 1.1 1.1 3/23/00 0.3 0.3 0.3
11/24/97 5.2 5.2 5.2 2/23/98 0.0 0.0 0.9 3/21/99 2.4 2.4 2.4 3/24/00 12 12 12
11/25/97 6.2 6.2 6.2 2/24/98 0.0 0.0 1.0 3/22/99 45 45 45 3/25/00 2.6 2.6 2.6
11/26/97 62 62 62 2/25/98 00 00 10 3/23/99 150 150 15.0 3/26/00 40 40 40
11/27/97 62 62 62 2/26/98 00 00 11 3/24/99 181 181 181 3/27/00 54 54 54
11/28/97 6.2 6.2 6.2 212798 0.0 0.0 12 3/25/99 230 230 23.0 3/28/00 7.8 7.8 7.8
11/29/97 6.2 6.2 6.2 2/28/98 0.0 0.0 13 3/26/99 317 317 317 3/29/00 8.3 8.3 8.3
11/30/97 6.2 6.2 6.2 3/1/98 0.0 0.0 35 3/27/99 283 283 283 3/30/00 8.7 8.7 8.7
12/1/97 3.9 3.9 3.9 3/2/98 0.0 0.0 37 3/28/99 222 222 222 3/31/00 7.1 7.1 7.1
12/2/97 39 39 39 3/3/98 00 00 40 3/29/99 179 179 179 12/1/00 24 24 24
12/3/97 39 39 39 3/4/98 00 00 40 3/30/99 210 210 21.0 12/2/00 24 24 24
12/4/97 4.0 4.0 4.0 3/5/98 0.0 0.0 4.0 3/31/99 186 186 18.6 12/3/00 2.4 2.4 2.4
12/5/97 4.0 4.0 4.0 3/6/98 0.0 0.0 4.7 1/13/00 0.0 0.0 0.0 12/4/00 2.1 2.1 2.1
12/6/97 4.0 4.0 4.0 3/7/98 0.0 0.0 4.4 1/14/00 0.0 0.0 0.0 12/5/00 2.1 2.1 2.1
12/7/97 41 41 4.1 3/8/98 0.0 0.0 4.2 1/15/00 0.0 0.0 0.0 12/6/00 2.2 2.2 2.2
12/8/97 41 41 4.1 3/9/98 0.0 0.0 4.6 1/16/00 0.1 0.1 0.1 12/7/00 2.3 2.3 2.3
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Date No 250 550 Date No 250 550 Date No 250 550 Date No 250 550
action AF AF action AF AF action AF AF action AF AF

12/8/00 23 23 23 2/3/01 23 23 23 1/12/03 12 12 12 11/21/03 15 15 15
12/9/00 24 24 24 2/4/01 22 22 22 1/13/03 13 13 13 11/22/03 15 15 15
12/10/00 26 26 26 2/5/01 21 21 21 1/14/03 15 15 15 11/23/03 1.1 11 11
12/11/00 28 28 28 2/6/01 21 21 21 1/15/03 16 16 16 11/24/03 13 13 13
12/12/00 26 26 26 2/7/01 23 23 23 1/16/03 17 17 17 11/25/03 12 12 12
12/13/00 27 27 27 2/8/01 25 25 25 1/17/03 17 17 17 11/26/03 1.0 10 10
12/14/00 28 28 28 2/9/01 22 22 22 1/18/03 18 18 18 11/27/03 08 08 08
12/15/00 28 28 28 2/10/01 21 21 21 1/19/03 19 19 19 11/28/03 09 09 09
12/16/00 27 27 27 2/11/01 20 20 20 1/20/03 20 20 20 11/29/03 09 09 09
12/17/00 27 27 27 2/12/01 20 20 20 1/21/03 20 20 20 11/30/03 09 09 09
12/18/00 2.7 2.7 2.7 2/13/01 1.9 1.9 1.9 1/22/03 20 20 20 3/19/04 78 78 78
12/19/00 28 28 28 2/14/01 20 20 20 1/23/03 20 20 20 3/20/04  22.6 226 22.6
12/20/00 31 31 31 2/15/01 14 14 14 1/24/03 20 20 20 3/21/04  40.2 402 40.2
12/21/00 33 33 33 2/16/01 14 14 14 1/25/03 20 20 20 3/22/04 550 550 55.0
12/22/00 35 35 35 2/17/01 17 17 17 1/26/03 20 20 20 3/23/04 469 469 46.9
12/23/00 37 37 37 2/18/01 17 17 17 1/27/03 22 22 22 3/24/04 493 493 493
12/24/00 38 38 38 2/19/01 16 16 16 1/28/03 23 23 23 3/25/04 575 575 575
12/25/00 39 39 39 2/20/01 15 15 15 1/29/03 25 25 25 3/26/04 627 627 627
12/26/00 42 42 42 2/21/01 15 15 15 1/30/03 29 29 29 3/27/04 451 451 451
12/27/00 43 43 43 2/22/01 15 15 15 1/31/03 30 30 30 3/28/04 217 217 217
12/28/00 45 45 45 2/23/01 14 1.4 1.4 2/1/03 3.8 38 38 3/29/04 79 7.9 7.9
12/29/00 4.7 4.7 4.7 2/24/01 11 1.1 1.1 2/2/03 4.1 41 4.1 3/30/04 6.6 6.6 6.6
12/30/00 48 48 48 2/25/01 14 14 14 2/3/03 44 44 44 3/31/04 118 118 11.8
12/31/00 5.0 5.0 5.0 2/26/01 14 1.4 1.4 2/4/03 4.3 4.3 4.3 11/9/04 0.6 0.7 0.7
1/1/01 35 35 35 2/27/01 13 13 13 2/5/03 38 38 38 11/11/04 12 12 12
1/2/01 35 35 35 2/28/01 15 15 15 2/6/03 33 33 33 11/12/04 15 15 15
1/3/01 36 36 36 3/1/01 22 22 22 2/7/03 32 32 32 11/13/04 22 22 22
1/4/01 40 40 40 3/2/01 15 15 15 2/8/03 37 37 37 11/14/04 20 20 20
1/5/01 41 41 41 3/3/01 19 19 19 2/9/03 37 37 37 11/15/04 33 33 33
1/6/01 41 41 41 3/4/01 17 17 17 2/10/03 41 41 41 11/16/04 32 32 32
1/7/01 37 37 37 3/5/01 15 15 15 2/11/03 41 41 41 11/17/04 40 41 41
1/8/01 37 37 37 3/6/01 12 12 12 2/12/03 45 45 45 11/18/04 34 35 35
1/9/01 38 38 38 3/7/01 15 15 15 2/13/03 54 54 54 11/19/04 33 34 34
1/10/01 40 40 40 3/8/01 14 14 14 2/14/03 63 63 6.3 11/20/04 33 33 33
1/11/01 38 38 38 3/9/01 11 11 11 2/15/03 58 58 58 11/21/04 32 32 32
1/12/01 43 43 43 3/10/01 12 12 12 2/16/03 49 49 49 11/22/04 22 22 22
1/13/01 39 39 39 3/11/01 07 07 07 2/17/03 43 43 43 11/23/04 1.6 17 17
1/14/01 35 35 35 3/12/01 04 04 04 2/18/03 42 42 42 11/24/04 01 02 02
1/15/01 35 35 35 3/13/01 00 00 00 2/19/03 38 38 38 11/25/04 01 01 0.1
1/16/01 36 36 36 3/25/01 51 51 51 2/20/03 34 34 34 11/26/04 24 25 25
1/17/01 3.6 3.6 3.6 3/26/01 10.2 102 102 2/21/03 29 29 29 11/28/04 0.3 0.3 03
1/18/01 3.3 3.3 3.3 3/27/01 134 134 134 2/22/03 25 25 25 12/22/04 0.0 0.0 0.0
1/19/01 3.3 3.3 3.3 3/28/01 146 146 146 2/23/03 23 23 23 12/23/04 0.4 0.4 0.4
1/20/01 3.9 3.9 3.9 3/29/01 10.8 108 108 2/24/03 20 20 20 12/24/04 0.6 0.6 0.6
1/21/01 3.9 3.9 3.9 3/30/01 129 129 129 2/25/03 20 20 20 12/25/04 0.7 0.7 0.7
1/22/01 4.0 4.0 4.0 3/31/01 151 151 151 2/26/03 20 20 20 12/26/04 0.7 0.7 0.7
1/23/01 45 45 45 1/1/03 07 07 07 2/27/03 20 20 20 12/27/04 08 08 08
1/24/01 4.6 4.6 46 1/2/03 0.9 0.9 0.9 2/28/03 2.0 2.0 2.0 12/28/04 0.9 0.9 0.9
1/25/01 47 AT 4T 1/3/03 09 09 09 9/10/03 236 236 23.6 12/29/04 08 08 08
1/26/01 43 43 43 1/4/03 09 09 09 11/13/03 08 08 08 12/30/04 09 09 09
1/27/01 48 48 48 1/5/03 09 09 09 11/14/03 13 13 13 12/31/04 1.1 11 11
1/28/01 44 44 44 1/6/03 09 09 09 11/15/03 22 22 22 1/1/05 13 13 13
1/29/01 45 45 45 1/7/03 09 09 09 11/16/03 20 20 20 1/2/05 13 13 13
1/30/01 41 41 41 1/8/03 10 10 10 11/17/03 19 19 19 1/3/05 14 14 14
1/31/01 42 42 42 1/9/03 10 10 10 11/18/03 18 18 18 1/4/05 15 15 15
2/1/01 21 21 21 1/10/03 11 11 11 11/19/03 16 16 16 1/5/05 15 15 15
2/2/01 24 24 24 1/11/03 12 12 12 11/20/03 16 16 16 1/6/05 16 16 16
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action AF AF action AF AF action AF AF action AF AF

1/7/05 16 16 16 3/5/05 00 72 72 1/3/06 28 28 28 3/1/06 01 01 0.1
1/8/05 17 17 17 3/6/05 00 82 82 1/4/06 28 28 28 3/2/06 04 04 04
1/9/05 17 17 17 3/7/05 00 82 82 1/5/06 28 28 28 3/3/06 03 03 03
1/10/05 18 1.8 1.8 3/8/05 0.0 9.1 9.1 1/6/06 28 28 28 3/4/06 0.1 0.1 0.1
1/11/05 18 1.8 1.8 3/9/05 0.0 101 101 1/7/06 28 28 28 3/5/06 0.1 0.1 0.1
1/12/05 1.9 1.9 1.9 3/10/05 0.0 110 110 1/8/06 28 28 28 3/6/06 0.0 0.0 0.0
1/13/05 1.9 1.9 1.9 3/11/05 0.0 139 139 1/9/06 28 28 28 3/7/06 0.0 0.0 0.0
1/14/05 1.9 1.9 1.9 3/12/05 0.0 09 197 1/10/06 28 28 28 3/16/06 0.4 0.4 0.4
1/15/05 20 20 20 3/13/05 00 00 275 1/11/06 28 28 28 10/6/06 1164 116. 116.
1/16/05 20 20 20 3/14/05 00 00 304 1/12/06 27 271 27 10/7/06 1164 116. 116.
1/17/05 2.0 2.0 2.0 3/15/05 0.0 00 36.2 1/13/06 27 27 27 11/1/06 8.2 8.2 3.3
1/18/05 1.9 1.9 1.9 3/16/05 0.0 00 288 1/14/06 27 27 27 11/2/06 1.8 18 1.8
1/19/05 1.9 1.9 1.9 11/19/05 0.2 0.2 0.3 1/15/06 27 27 27 11/3/06 05 05 05
1/20/05 1.9 1.9 1.9 11/20/05 0.5 0.5 0.5 1/16/06 27 27 27 11/4/06 0.6 0.7 0.7
1/21/05 1.9 1.9 1.9 11/21/05 0.6 0.6 0.6 1/17/06 27 27 27 11/5/06 1.6 16 1.6
1/22/05 1.9 1.9 1.9 11/22/05 0.7 0.8 0.8 1/18/06 26 26 26 11/6/06 0.3 0.3 03
1/23/05 19 19 19 11/23/05 08 08 08 1/19/06 26 26 26 11/28/06 04 04 04
1/24/05 1.9 19 19 11/24/05 10 10 10 1/20/06 26 26 26 11/29/06 00 01 01
1/25/05 19 19 19 11/25/05 11 11 11 1/21/06 26 26 26 11/30/06 02 02 02
1/26/05 21 2.1 2.1 11/26/05 11 1.1 1.1 1/22/06 26 26 26 12/1/06 0.6 0.6 0.6
1/27/05 3.2 3.2 3.2 11/27/05 0.9 0.9 1.0 1/23/06 25 25 25 12/2/06 0.6 0.6 0.6
1/28/05 3.2 3.2 3.2 11/28/05 13 1.3 1.4 1/24/06 25 25 25 12/3/06 0.6 0.6 0.6
1/29/05 4.3 4.3 4.3 11/29/05 15 15 15 1/25/06 25 25 25 12/4/06 05 05 05
1/30/05 4.4 4.4 4.4 11/30/05 14 14 14 1/26/06 25 25 25 12/5/06 05 05 05
1/31/05 54 54 54 12/1/05 42 42 42 1/27/06 25 25 25 12/6/06 05 05 05
2/1/05 52 52 52 12/2/05 43 43 43 1/28/06 24 24 24 12/7/06 04 04 04
2/2/05 53 53 53 12/3/05 45 45 45 1/29/06 24 24 24 12/8/06 04 04 04
2/3/05 53 53 53 12/4/05 43 43 44 1/30/06 24 24 24 12/9/06 04 04 04
2/4/05 54 54 54 12/5/05 40 40 40 1/31/06 24 24 24 12/10/06 04 04 04
2/5/05 55 55 55 12/6/05 42 42 42 2/1/06 19 19 19 12/11/06 03 03 03
2/6/05 46 46 46 12/7/05 39 39 39 212106 18 18 18 12/12/06 03 03 03
2/7/05 56 56 56 12/8/05 37 37 37 2/3/06 18 18 18 12/13/06 03 03 03
2/8/05 47 47 47 12/9/05 38 38 38 2/4/06 17 17 17 12/14/06 03 03 03
2/9/05 38 38 38 12/10/05 39 39 39 2/5/06 16 16 16 12/15/06 02 02 02
2/10/05 3.9 3.9 3.9 12/11/05 4.0 4.0 4.0 2/6/06 16 16 16 12/16/06 0.2 0.2 0.2
2/11/05 4.9 49 4.9 12/12/05 4.2 4.2 4.2 2/7/06 15 15 15 12/17/06 0.3 0.3 03
2/12/05 5.9 5.9 5.9 12/13/05 4.2 4.2 4.2 2/8/06 15 15 15 12/18/06 0.3 0.3 03
2/13/05 4.9 4.9 4.9 12/14/05 4.7 4.7 4.7 2/9/06 14 14 14 12/19/06 0.3 0.3 03
2/14/05 50 50 50 12/15/05 36 36 36 2/10/06 1.3 13 13 12/20/06 03 03 03
2/15/05 51 51 51 12/16/05 33 33 33 2/11/06 13 13 13 12/21/06 03 03 03
2/16/05 51 51 51 12/17/05 35 35 35 2/12/06 12 12 12 12/22/06 03 03 03
2/17/05 52 52 52 12/18/05 39 39 39 2/13/06 12 12 12 12/23/06 03 03 03
2/18/05 53 53 53 12/19/05 40 40 40 2/14/06 1.1 11 11 12/24/06 03 03 03
2/19/05 54 54 54 12/20/05 41 41 41 2/15/06 1.1 11 11 12/25/06 04 04 04
2/20/05 55 55 55 12/21/05 41 41 41 2/16/06 1.0 10 10 12/26/06 04 04 04
2/21/05 46 46 46 12/22/05 40 40 40 2/17/06 09 10 10 12/27/06 04 04 04
2/22/05 56 56 56 12/23/05 40 40 40 2/18/06 09 09 09 12/28/06 05 05 05
2/23/05 57 57 57 12/24/05 39 39 39 2/19/06 09 09 09 12/29/06 05 05 05
2/24/05 48 48 48 12/25/05 38 38 38 2/20/06 08 08 08 12/30/06 05 05 05
2/25/05 48 48 48 12/26/05 37 37 37 2/21/06 08 08 08 12/31/06 05 05 05
2/26/05 4.9 4.9 4.9 12/27/05 3.6 3.6 3.6 2/22/06 0.7 0.7 0.7 2/1/07 13 13 13
2/27/05 4.0 4.0 4.0 12/28/05 3.6 3.6 3.6 2/23/06 0.7 0.7 0.7 2/2/07 13 13 13
2/28/05 0.0 5.0 5.0 12/29/05 4.0 4.0 4.0 2/24/06 0.6 06 06 2/3/07 13 13 13
3/1/05 0.0 7.3 7.3 12/30/05 4.7 4.7 4.7 2/25/06 0.6 06 06 2/4/07 13 13 13
3/2/05 0.0 7.3 7.3 12/31/05 31 3.1 31 2/26/06 0.6 06 06 2/5/07 13 13 14
3/3/05 00 72 72 1/1/06 34 34 34 2/27/06 05 05 05 2/6/07 14 14 14
3/4/05 00 72 72 1/2/06 28 28 28 2/28/06 05 05 05 217107 16 16 16

D-11



Appendix D 13 JULY 2015

Date No 250 550 Date No 250 550 Date No 250 550 Date No 250 550
action AF AF action AF AF action AF AF action AF AF

2/8/07 1.7 1.7 1.7 1/2/08 1.7 1.7 1.7 2/28/08 35 35 35 1/8/09 1.0 1.0 1.0
2/9/07 1.8 1.8 1.8 1/3/08 2.4 24 2.4 3/1/08 5.1 5.1 5.1 1/9/09 1.0 1.0 1.0
2/10/07 1.8 1.8 1.8 1/4/08 3.1 3.1 3.1 3/2/08 5.6 5.6 5.6 1/10/09 1.0 1.0 1.0
2/11/07 22 2.2 2.2 1/5/08 34 34 3.4 3/3/08 48 48 4.8 1/11/09 1.0 1.0 1.0
2/12/07 2.1 2.1 2.1 1/6/08 6.4 6.4 6.4 3/4/08 5.7 5.7 5.7 1/12/09 1.0 1.0 1.0
2/13/07 22 2.2 2.2 1/7/08 3.6 3.6 36 3/5/08 47 47 4.7 1/13/09 1.1 1.1 1.1
2/14/07 2.4 2.4 2.4 1/8/08 25 2.6 2.6 3/6/08 4.7 4.7 4.7 1/14/09 11 11 11
2/15/07 1.2 1.2 1.2 1/9/08 34 34 3.4 3/7/08 5.6 5.6 5.6 1/15/09 1.1 1.1 1.1
2/16/07 1.1 1.1 1.1 1/10/08 2.6 2.6 26 3/8/08 7.0 7.0 7.0 1/16/09 1.1 1.1 1.1
2/17/07 1.1 1.1 1.1 1/11/08 2.7 2.7 2.7 3/9/08 75 75 75 1/17/09 1.1 1.1 1.1
2/18/07 0.8 0.8 0.8 1/12/08 2.7 2.7 2.7 3/10/08 8.4 8.4 8.4 1/18/09 1.1 1.1 1.1
2/19/07 0.7 0.7 0.7 1/13/08 2.7 2.7 2.7 3/11/08 103 103 103 1/19/09 1.1 1.1 1.1
2/20/07 0.5 05 0.5 1/14/08 2.8 28 2.8 3/12/08 113 113 113 1/20/09 1.1 1.1 1.1
2/21/07 0.3 0.3 0.3 1/15/08 2.8 28 2.8 3/13/08 112 112 112 1/21/09 1.1 1.1 1.1
2122107 0.2 0.2 0.2 1/16/08 21 21 21 3/14/08 00 122 122 1/22/09 1.1 1.1 1.1
3/15/07 9.0 9.0 9.0 1/17/08 21 21 21 3/15/08 00 131 131 1/23/09 1.1 1.1 1.1
3/16/07 173 173 173 1/18/08 21 21 21 3/16/08 00 127 127 1/24/09 1.1 1.1 1.1
3/17/07 33.0 330 33.0 1/19/08 2.2 22 2.2 3/17/08 00 119 119 1/25/09 1.1 1.1 1.1
3/18/07  46.6 46.6 46.6 1/20/08 2.2 22 2.2 3/18/08 00 111 111 1/26/09 1.1 1.1 1.1
3/19/07 439 439 439 1/21/08 2.2 22 2.2 3/19/08 00 112 112 1/27/09 1.1 1.1 1.1
3/20/07 141 402  40.2 1/22/08 2.2 23 2.3 3/20/08 00 114 114 1/28/09 1.1 1.1 1.1
3/21/07 00 346 346 1/23/08 2.3 23 2.3 3/21/08 00 126 126 1/29/09 1.1 1.1 1.1
3/22/07 00 203 203 1/24/08 2.3 23 2.3 3/22/08 0.0 74 137 1/30/09 1.1 1.1 1.1
3/23/07 00 117 117 1/25/08 2.3 23 2.3 3/23/08 0.0 00 139 1/31/09 1.1 1.1 1.1
3/24/07 0.0 3.2 3.2 1/26/08 3.0 3.0 3.0 3/24/08 0.0 00 17.0 2/1/09 0.6 0.6 0.6
12/1/07 9.5 95 9.5 1/27/08 3.0 3.0 3.0 3/25/08 0.0 00 220 2/2/09 0.6 0.6 0.6
12/2/07 55 5.5 55 1/28/08 2.4 2.4 24 3/26/08 0.0 00 309 2/3/09 0.9 0.9 0.9
12/3/07 45 45 45 1/29/08 25 25 25 3/27/08 0.0 00 408 2/4109 0.9 0.9 0.9
12/4/07 45 45 45 1/30/08 25 2.5 25 11/12/08 0.4 0.4 0.4 2/5/09 0.9 0.9 0.9
12/5/07 4.4 44 4.4 1/31/08 25 25 25 11/13/08 1.7 1.7 17 2/6/09 1.3 1.3 13
12/6/07 34 3.4 34 2/1/08 25 25 25 11/14/08 2.8 2.9 2.9 2/7109 1.3 1.3 1.4
12/7/07 8.2 8.2 8.2 2/2/08 2.6 2.6 2.6 11/15/08 4.0 4.0 4.1 2/8/09 15 15 1.5
12/8/07 91 91 91 2/3/08 26 26 26 11/16/08 40 40 40 2/9/09 14 14 14
12/9/07 72 12 72 2/4/08 26 26 26 11/17/08 38 39 39 2/10/09 14 14 15
12/10/07 7.1 71 7.1 2/5/08 26 2.6 26 11/18/08 338 38 3.8 2/11/09 15 15 15
12/11/07 7.1 71 7.1 2/6/08 26 2.6 26 11/19/08 3.7 37 3.7 2/12/09 1.7 1.7 17
12/12/07 7.0 7.0 7.0 2/7/08 26 2.6 26 11/20/08 35 35 35 2/13/09 1.7 1.7 17
12/13/07 6.0 6.0 6.0 2/8/08 26 2.6 26 11/21/08 35 35 35 2/14/09 1.7 1.7 17
12/14/07 5.0 5.0 5.0 2/9/08 2.6 2.6 2.6 11/22/08 3.4 3.4 3.4 2/15/09 1.6 1.6 1.6
12/15/07 4.0 4.0 4.0 2/10/08 2.6 2.6 2.6 11/23/08 3.4 3.4 3.4 2/16/09 1.8 1.8 1.8
12/16/07 4.0 4.0 4.0 2/11/08 2.7 2.7 2.7 11/24/08 33 33 3.3 2/17/09 1.7 1.7 17
12/17/07 5.1 5.1 5.1 2/12/08 2.7 2.7 2.7 11/25/08 3.2 33 3.3 2/18/09 1.6 1.6 16
12/18/07 52 52 52 2/13/08 27 27 27 11/26/08 32 32 32 2/19/09 14 14 14
12/19/07 5.2 5.2 5.2 2/14/08 2.7 2.7 2.7 11/27/08 36 36 3.6 2/20/09 1.3 1.3 13
12/20/07 5.3 5.3 5.3 2/15/08 2.7 2.7 2.7 11/28/08 34 3.4 3.4 2/21/09 1.2 1.2 1.2
12/21/07 5.4 5.4 5.4 2/16/08 2.7 2.7 2.7 11/29/08 3.2 3.2 3.2 2/22/09 1.1 1.1 1.1
12/22/07 45 45 45 2/17/08 2.7 2.7 2.7 11/30/08 3.2 3.2 3.2 2/23/09 1.1 1.1 1.1
12/23/07 3.6 3.6 3.6 2/18/08 2.7 2.7 2.7 12/29/08 0.0 0.0 0.0 2/24/09 12 1.2 12
12/24/07 2.7 2.7 2.7 2/19/08 2.7 2.7 2.7 12/30/08 0.1 0.1 0.1 2/25/09 11 11 11
12/25/07 1.8 1.8 1.8 2/20/08 2.7 2.7 2.7 12/31/08 0.1 0.2 0.2 2/26/09 1.0 1.0 1.0
12/26/07 1.9 1.9 1.9 2/21/08 2.7 2.7 2.7 1/1/09 0.9 0.9 0.9 2/27/09 0.9 0.9 0.9
12/27/07 1.0 1.0 1.0 2/22/08 2.8 28 2.8 1/2/09 0.9 0.9 0.9 2/28/09 0.7 0.7 0.7
12/28/07 1.0 1.0 1.0 2/23/08 2.9 29 2.9 1/3/09 0.9 0.9 0.9 3/22/09 248 248 248
12/29/07 1.1 1.1 1.1 2/24/08 2.9 29 2.9 1/4/09 0.9 0.9 0.9 3/23/09 320 320 320
12/30/07 05 05 05 2/25/08 29 29 29 1/5/09 09 09 09 3/24/09 184 184 184
12/31/07 0.6 0.6 0.6 2/26/08 2.8 28 2.8 1/6/09 0.9 0.9 0.9 3/25/09 9.7 9.7 9.7
1/1/08 1.8 1.8 1.8 2/27/08 2.8 28 2.8 1/7/09 1.0 1.0 1.0 3/26/09 2.2 2.2 2.2
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Appendix E: Predicted End-of-Month Contents in Long Hollow Reservoir (AF)

Month No 250 AF 550 AF
action

1974-10 29 29 29
1974-11 39 39 39
1974-12 168 168 168
1975-01 285 285 285
1975-02 456 456 456
1975-03 836 836 836
1975-04 978 978 978
1975-05 1226 1226 1226
1975-06 296 296 296
1975-07 0 0 0
1975-08 0 0 0
1975-09 60 63 63
1975-10 314 316 316
1975-11 639 641 641
1975-12 1031 1033 1033
1976-01 1417 1420 1420
1976-02 1834 1837 1837
1976-03 2453 2455 2455
1976-04 2455 2458 2458
1976-05 296 296 296
1976-06 288 288 288
1976-07 0 0 0
1976-08 0 0 0
1976-09 0 0 0
1976-10 33 33 33
1976-11 325 325 325
1976-12 668 668 668
1977-01 970 970 970
1977-02 1241 1241 1241
1977-03 1460 1461 1461
1977-04 1454 1454 1454
1977-05 1220 1220 1220
1977-06 819 819 819
1977-07 938 938 938
1977-08 824 825 825
1977-09 767 768 768
1977-10 857 857 857
1977-11 937 937 937
1977-12 1235 1235 1235
1978-01 1510 1510 1510
1978-02 1758 1758 1758
1978-03 2122 2123 2122
1978-04 2559 2560 2560
1978-05 1636 1637 1637
1978-06 293 293 293
1978-07 0 0 0
1978-08 0 0 0
1978-09 0 0 0
1978-10 82 82 82
1978-11 296 296 296
1978-12 548 548 548
1979-01 833 833 833
1979-02 1076 1076 1076
1979-03 1630 1630 1630
1979-04 2030 2031 2031

Month No 250 AF 550 AF
action

1979-05 2349 2350 2350
1979-06 835 835 835
1979-07 0 0 0
1979-08 11 11 11
1979-09 43 43 43
1979-10 397 397 397
1979-11 817 817 817
1979-12 1338 1338 1338
1980-01 1862 1862 1862
1980-02 2355 2355 2355
1980-03 2842 2843 2843
1980-04 3406 3406 3406
1980-05 3919 3919 3919
1980-06 3233 3228 3209
1980-07 2054 2061 2042
1980-08 2361 2384 2367
1980-09 2210 2245 2228
1980-10 2697 2732 2715
1980-11 3260 3295 3278
1980-12 3930 3965 3948
1981-01 4632 4668 4651
1981-02 5273 5309 5292
1981-03 5309 5309 5309
1981-04 5308 5308 5308
1981-05 4037 4037 4038
1981-06 2356 2358 2358
1981-07 2752 2754 2754
1981-08 2724 2726 2726
1981-09 2733 2735 2736
1981-10 2670 2673 2673
1981-11 2821 2824 2825
1981-12 3381 3384 3385
1982-01 3943 3946 3947
1982-02 4488 4492 4493
1982-03 5264 5268 5269
1982-04 5308 5308 5308
1982-05 4345 4342 4342
1982-06 295 295 295
1982-07 0 0 0
1982-08 0 0 0
1982-09 0 0 0
1982-10 444 444 445
1982-11 956 957 957
1982-12 1542 1543 1543
1983-01 2194 2195 2196
1983-02 2791 2792 2793
1983-03 3595 3597 3597
1983-04 4103 4105 4105
1983-05 4622 4624 4624
1983-06 3523 3524 3523
1983-07 2759 2760 2759
1983-08 3134 3137 3137
1983-09 3470 3474 3476
1983-10 3835 3845 3854
1983-11 4368 4378 4388

Month No 250 AF 550 AF
action

1983-12 5006 5016 5026
1984-01 5309 5309 5309
1984-02 5309 5309 5309
1984-03 5309 5309 5309
1984-04 5308 5308 5308
1984-05 5133 5133 5133
1984-06 2717 2725 2729
1984-07 2538 2579 2631
1984-08 2785 2844 2917
1984-09 2927 2994 3078
1984-10 3478 3545 3628
1984-11 4009 4080 4168
1984-12 4676 4748 4836
1985-01 5309 5309 5309
1985-02 5309 5309 5309
1985-03 5309 5309 5309
1985-04 5308 5308 5308
1985-05 4411 4412 4412
1985-06 1739 1741 1743
1985-07 1571 1613 1657
1985-08 1824 1888 1964
1985-09 1994 2062 2144
1985-10 2508 2580 2666
1985-11 3129 3202 3288
1985-12 3837 3910 3999
1986-01 4606 4680 4770
1986-02 5299 5309 5309
1986-03 5309 5309 5309
1986-04 5308 5308 5308
1986-05 3505 3504 3504
1986-06 462 463 465
1986-07 443 484 523
1986-08 890 934 976
1986-09 1330 1375 1419
1986-10 1841 1877 1922
1986-11 2440 2477 2524
1986-12 3120 3158 3205
1987-01 3866 3905 3953
1987-02 4544 4583 4633
1987-03 5309 5309 5309
1987-04 5308 5308 5308
1987-05 5262 5263 5263
1987-06 2817 2817 2818
1987-07 2410 2445 2484
1987-08 2935 2970 3009
1987-09 3229 3274 3326
1987-10 3811 3856 3909
1987-11 4457 4503 4557
1987-12 5189 5236 5290
1988-01 5309 5309 5309
1988-02 5309 5309 5309
1988-03 5309 5309 5309
1988-04 5308 5308 5308
1988-05 2660 2661 2663
1988-06 885 900 913

E-1



Appendix E

13 JULY 2015

Month No 250 AF 550 AF
action

1988-07 1104 1161 1221
1988-08 1160 1229 1305
1988-09 801 875 958
1988-10 1124 1204 1293
1988-11 1763 1844 1935
1988-12 2415 2497 2589
1989-01 3169 3252 3345
1989-02 3860 3944 4038
1989-03 4620 4705 4800
1989-04 4891 4975 5067
1989-05 2750 2831 2920
1989-06 2174 2266 2368
1989-07 2023 2130 2272
1989-08 1935 2053 2206
1989-09 2077 2202 2362
1989-10 2182 2311 2476
1989-11 2412 2545 2716
1989-12 2875 3010 3182
1990-01 3321 3457 3630
1990-02 3736 3872 4047
1990-03 4281 4419 4595
1990-04 4320 4458 4634
1990-05 1571 1709 1886
1990-06 292 292 293
1990-07 0 0 0
1990-08 0 0 0
1990-09 0 0 0
1990-10 0 0 0
1990-11 93 95 97
1990-12 368 371 375
1991-01 671 675 679
1991-02 1069 1074 1079
1991-03 1550 1555 1561
1991-04 1590 1595 1601
1991-05 295 295 295
1991-06 287 287 287
1991-07 0 0 0
1991-08 0 0 0
1991-09 0 0 0
1991-10 44 44 45
1991-11 353 354 356
1991-12 684 686 688
1992-01 954 957 959
1992-02 1301 1304 1306
1992-03 1871 1875 1878
1992-04 2386 2390 2393
1992-05 1914 1918 1922
1992-06 293 293 293
1992-07 458 459 459
1992-08 392 394 395
1992-09 360 362 364
1992-10 496 499 501
1992-11 688 691 694
1992-12 1063 1066 1068
1993-01 1560 1564 1566
1993-02 2033 2037 2040
1993-03 3508 3512 3515
1993-04 4792 4796 4800

Month No 250 AF 550 AF
action

1993-05 4736 4741 4744
1993-06 2303 2308 2311
1993-07 1277 1320 1364
1993-08 1442 1501 1564
1993-09 1656 1724 1798
1993-10 2159 2231 2309
1993-11 2722 2796 2878
1993-12 3332 3407 3489
1994-01 3901 3976 4059
1994-02 4388 4464 4547
1994-03 5115 5192 5276
1994-04 5304 5304 5304
1994-05 3291 3292 3294
1994-06 984 986 988
1994-07 948 952 954
1994-08 1026 1031 1034
1994-09 1207 1213 1216
1994-10 1515 1521 1524
1994-11 2032 2038 2042
1994-12 2640 2647 2651
1995-01 3263 3271 3275
1995-02 3852 3859 3864
1995-03 4913 4921 4925
1995-04 5308 5308 5308
1995-05 5177 5177 5177
1995-06 2701 2701 2702
1995-07 1128 1141 1151
1995-08 1419 1469 1523
1995-09 1672 1736 1808
1995-10 2158 2230 2311
1995-11 2735 2811 2900
1995-12 3428 3505 3594
1996-01 4062 4140 4231
1996-02 4671 4750 4841
1996-03 5294 5309 5309
1996-04 5278 5287 5287
1996-05 2117 2127 2128
1996-06 1834 1845 1847
1996-07 1539 1550 1552
1996-08 1403 1413 1417
1996-09 1321 1332 1336
1996-10 1057 1068 1072
1996-11 1078 1089 1094
1996-12 1615 1626 1631
1997-01 2154 2166 2171
1997-02 2637 2649 2654
1997-03 3743 3756 3761
1997-04 4455 4468 4474
1997-05 4288 4301 4306
1997-06 2220 2232 2238
1997-07 1685 1735 1783
1997-08 809 881 957
1997-09 930 1008 1091
1997-10 1337 1420 1509
1997-11 1901 1985 2076
1997-12 2550 2634 2726
1998-01 3205 3290 3383
1998-02 3757 3843 3937

Month No 250 AF 550 AF
action

1998-03 4439 4526 4620
1998-04 5001 5088 5182
1998-05 2777 2865 2961
1998-06 1134 1237 1345
1998-07 1256 1393 1543
1998-08 1245 1389 1548
1998-09 1377 1528 1696
1998-10 1766 1919 2090
1998-11 2173 2330 2507
1998-12 2702 2861 3039
1999-01 3224 3383 3563
1999-02 3654 3814 3994
1999-03 3941 4103 4285
1999-04 4017 4179 4361
1999-05 1697 1859 2042
1999-06 292 292 293
1999-07 0 0 0
1999-08 412 414 417
1999-09 522 527 533
1999-10 912 920 929
1999-11 1360 1371 1382
1999-12 1943 1955 1969
2000-01 2565 2580 2597
2000-02 3133 3150 3169
2000-03 3813 3832 3853
2000-04 4490 4511 4534
2000-05 1216 1239 1264
2000-06 345 367 393
2000-07 173 197 224
2000-08 135 160 187
2000-09 79 104 133
2000-10 248 275 305
2000-11 454 482 514
2000-12 823 853 886
2001-01 1154 1185 1219
2001-02 1476 1507 1543
2001-03 2167 2200 2237
2001-04 2530 2564 2601
2001-05 298 305 344
2001-06 290 290 290
2001-07 154 161 163
2001-08 133 142 145
2001-09 73 84 89
2001-10 275 288 294
2001-11 388 404 412
2001-12 887 903 913
2002-01 1261 1278 1290
2002-02 1573 1592 1605
2002-03 1822 1842 1857
2002-04 1814 1834 1848
2002-05 1380 1401 1416
2002-06 1199 1219 1235
2002-07 1078 1098 1113
2002-08 1009 1029 1044
2002-09 787 807 822
2002-10 685 705 721
2002-11 695 715 731
2002-12 888 909 925
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Month No 250 AF 550 AF
action

2007-11 20 21 21
2007-12 337 339 340
2008-01 459 462 464
2008-02 1050 1054 1055
2008-03 1678 1682 1685
2008-04 1716 1720 1720
2008-05 298 298 298
2008-06 290 290 290
2008-07 0 0 0
2008-08 0 0 0
2008-09 0 0 0
2008-10 0 0 0
2008-11 104 110 118
2008-12 446 453 461
2009-01 816 823 832
2009-02 1076 1085 1094
2009-03 1424 1434 1444
2009-04 1443 1453 1463
2009-05 297 297 297
2009-06 289 289 289
2009-07 0 0 0
2009-08 0 0 0

Month No 250 AF 550 AF
action

2003-01 1130 1150 1167
2003-02 1338 1358 1375
2003-03 1750 1770 1788
2003-04 1742 1762 1779
2003-05 295 295 295
2003-06 288 288 288
2003-07 0 0 0
2003-08 0 0 0
2003-09 0 0 0
2003-10 0 0 0
2003-11 124 125 126
2003-12 296 296 297
2004-01 482 483 485
2004-02 683 684 686
2004-03 1055 1056 1058
2004-04 1665 1666 1668
2004-05 296 296 296
2004-06 289 289 289
2004-07 0 0 0
2004-08 0 0 0
2004-09 0 0 0
2004-10 0 0 0
2004-11 0 0 0
2004-12 118 118 118
2005-01 462 462 463
2005-02 837 837 837
2005-03 1265 1265 1265
2005-04 1889 1890 1890
2005-05 1400 1400 1401
2005-06 292 292 292
2005-07 0 0 0
2005-08 0 0 0
2005-09 180 191 203
2005-10 180 191 203
2005-11 367 383 402
2005-12 735 751 771
2006-01 1003 1021 1041
2006-02 1230 1248 1269
2006-03 1549 1569 1591
2006-04 1597 1616 1639
2006-05 295 295 295
2006-06 287 287 287
2006-07 0 0 0
2006-08 0 0 0
2006-09 0 0 0
2006-10 27 27 27
2006-11 33 33 33
2006-12 317 318 319
2007-01 620 622 623
2007-02 933 935 937
2007-03 1225 1227 1230
2007-04 1342 1339 1342
2007-05 295 295 295
2007-06 287 287 287
2007-07 0 0 0
2007-08 0 0 0
2007-09 0 0 0
2007-10 0 0 0
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Appendix F: Predicted Monthly Net Evaporation from RMWR (AF)

Month No 250 AF 550 AF 5/1/1979 9.8 9.8 9.8 2/1/1984 3.1 -3.2 -3.2
action 6/1/1979 14.7 14.7 14.7 3/1/1984 -0.1 -0.3 0.4

10/1/1974 0.1 0.1 0.1 7/1/1979 3.3 3.3 3.4 4/1/1984 7.8 10 11.2
11/1/1974 -1.2 -1.2 -1.2 8/1/1979 0.2 0.2 0.2 5/1/1984 15.1 19.4 21.7
12/1/1974 -3.4 -3.4 -3.4 9/1/1979 0.2 0.2 0.2 6/1/1984 14.9 18.1 22.1
1/1/1975 -2.3 -2.3 -2.3 10/1/1979 0.1 0.1 0.1 7/1/1984 1.9 2.7 3.7
2/1/1975 -2.3 -2.3 -2.3 11/1/1979 -1.7 -1.7 -1.7 8/1/1984 0.2 0.2 0.3
3/1/1975 -0.4 -0.4 -0.4 12/1/1979 -4.5 -4.5 -4.5 9/1/1984 0.1 0.2 0.3
4/1/1975 7.3 7.3 7.3 1/1/1980 -2.6 -2.6 -2.6 10/1/1984 0.1 0.1 0.1
5/1/1975 14.6 14.6 14.6 2/1/1980 -2.5 -2.5 -2.5 11/1/1984 -0.5 -0.7 -0.8
6/1/1975 19.9 20.3 20.3 3/1/1980 -0.4 -0.5 -0.5 12/1/1984 -2.6 2.7 -2.8
7/1/1975 6 6.5 6.6 4/1/1980 7.8 8.2 8.2 1/1/1985 -2.5 -2.5 -2.5
8/1/1975 0.1 0.1 0.1 5/1/1980 15.1 17.7 17.7 2/1/1985 -2.8 -2.8 -2.8
9/1/1975 0 0.1 0.1 6/1/1980 21.2 26.4 26.5 3/1/1985 -0.2 -0.3 -0.5
10/1/1975 0 0 0 7/1/1980 7.2 9.4 9.8 4/1/1985 7.8 10 11.2
11/1/1975 -1.1 -1.2 -1.2 8/1/1980 0.2 0.3 0.4 5/1/1985 15.1 19.4 21.7
12/1/1975 -4.2 -4.2 -4.2 9/1/1980 0.5 0.6 0.7 6/1/1985 17.5 21.6 26.4
1/1/1976 -2.3 -2.3 -2.3 10/1/1980 0.1 0.1 0.2 7/1/1985 2.1 3.3 49
2/1/1976 -2.1 -2.2 -2.2 11/1/1980 -2.5 -2.6 -2.7 8/1/1985 0.3 0.3 0.4
3/1/1976 -0.3 -0.3 -0.3 12/1/1980 -4.7 -4.7 -4.7 9/1/1985 04 0.5 0.6
4/1/1976 4.8 4.8 4.8 1/1/1981 -2.6 -2.7 -2.7 10/1/1985 0.2 0.2 0.2
5/1/1976 9.3 9.3 9.3 2/1/1981 -2.5 -2.5 -2.5 11/1/1985 -3.3 -3.4 -35
6/1/1976 2.5 2.6 2.6 3/1/1981 -0.4 -0.4 -0.4 12/1/1985 -5.4 -5.4 5.4
7/1/1976 0 0 0 4/1/1981 5.9 5.9 6 1/1/1986 -3.4 -3.6 -3.6
8/1/1976 0 0 0 5/1/1981 12.3 12.4 125 2/1/1986 0 -1.7 -4.3
9/1/1976 0 0 0 6/1/1981 5.8 6 6.3 3/1/1986 0 0 0
10/1/1976 0 0 0 7/1/1981 1 1.2 15 4/1/1986 7.8 10 11.2
11/1/1976 -0.5 -0.5 -0.5 8/1/1981 0.1 0.1 0.2 5/1/1986 15.1 19.4 21.7
12/1/1976 -1.6 -1.6 -1.6 9/1/1981 0 0 0 6/1/1986 16.9 20.9 25.6
1/1/1977 -0.8 -0.8 -0.8 10/1/1981 0 0 0 7/1/1986 6.7 7.5 8.3
2/1/1977 -0.7 -0.7 -0.7 11/1/1981 -1 -1 -1 8/1/1986 0.6 1 15
3/1/1977 -0.1 -0.1 -0.1 12/1/1981 -3.2 -3.2 -3.2 9/1/1986 0.3 0.5 1.1
4/1/1977 17 17 17 1/1/1982 -2.3 -2.3 -2.3 10/1/1986 1.1 1.2 1.3
5/1/1977 3.2 3.2 3.2 2/1/1982 -2.3 -2.3 2.3 11/1/1986 0 0 -0.7
6/1/1977 0.1 0.1 0.1 3/1/1982 -0.4 -0.4 0.4 12/1/1986 0 0 0
7/1/1977 0 0 0 4/1/1982 7.4 7.4 7.4 1/1/1987 0 0 0
8/1/1977 0 0 5/1/1982 15 15 15 2/1/1987 0 0 0
9/1/1977 0 0 0 6/1/1982 14.7 14.8 14.8 3/1/1987 0 0 0
10/1/1977 0 0 0 7/1/1982 1.4 1.3 1.3 4/1/1987 7.8 10 11.2
11/1/1977 0 0 0 8/1/1982 0.3 0.2 0.2 5/1/1987 15.1 19.4 21.7
12/1/1977 0 0 0 9/1/1982 0.3 0.2 0.2 6/1/1987 18.4 22.9 27.4
1/1/1978 0 0 0 10/1/1982 0.1 0.1 0.1 7/1/1987 34 49 6.8
2/1/1978 0 0 0 11/1/1982 -1.6 -1.5 -1.5 8/1/1987 0.2 0.3 0.3
3/1/1978 0 0 0 12/1/1982 -4.5 -4.5 -4.5 9/1/1987 0.1 0.2 0.3
4/1/1978 0.7 0.7 0.7 1/1/1983 -2.9 -2.9 -2.9 10/1/1987 0.1 0.1 0.1
5/1/1978 4.2 4.2 4.2 2/1/1983 -2.2 -3.5 -3.5 11/1/1987 -3.7 -3.7 -3.8
6/1/1978 2.1 2.1 2.1 3/1/1983 0 -0.2 -0.6 12/1/1987 5.7 -5.8 -5.8
7/1/1978 0 0 0 4/1/1983 7.8 10 11.2 1/1/1988 -3.2 -3.8 -3.8
8/1/1978 0 0 0 5/1/1983 15.1 19.4 21.7 2/1/1988 0 -2.9 -4.4
9/1/1978 0 0 0 6/1/1983 20.8 26.5 30.3 3/1/1988 0 0 -0.3
10/1/1978 0 0 0 7/1/1983 11.1 13.6 17.2 4/1/1988 7.8 10 11.2
11/1/1978 0 0 0 8/1/1983 1 1.3 1.8 5/1/1988 15 19.3 21.7
12/1/1978 -0.2 -0.2 -0.2 9/1/1983 0.3 0.4 0.5 6/1/1988 11.5 14.8 19.2
1/1/1979 -0.1 -0.1 0.1 10/1/1983 0.1 0.1 0.2 7/1/1988 1 1.4 2
2/1/1979 -0.1 -0.1 -0.1 11/1/1983 -2.8 -2.9 -3 8/1/1988 0.1 0.1 0.1
3/1/1979 -0.2 -0.2 -0.2 12/1/1983 5.2 5.3 5.3 9/1/1988 0 0 0
4/1/1979 4.5 4.5 4.5 1/1/1984 3.1 3.1 3.1 10/1/1988 0 0 0
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11/1/1988 -1.4 -1.4 -1.4 10/1/1993 0.1 0.1 0.2 9/1/1998 0 0 0.1
12/1/1988 -4.4 -4.4 -4.4 11/1/1993 -2.6 -2.7 -2.8 10/1/1998 0 0 0
1/1/1989 -2.6 -2.6 -2.6 12/1/1993 -4.8 -4.8 -4.9 11/1/1998 -2.7 -2.7 -2.7
2/1/1989 -2.5 -2.5 -2.5 1/1/1994 -2.6 -2.7 -2.7 12/1/1998 -4.4 -4.4 -4.4
3/1/1989 -0.2 -0.3 -0.3 2/1/1994 -2.6 -2.6 -2.7 1/1/1999 -2.2 -2.2 -2.2
4/1/1989 7.8 10 11.2 3/1/1994 -0.4 -0.4 -0.4 2/1/1999 -2 -2 -2
5/1/1989 15 19.2 21.7 4/1/1994 7.7 7.8 7.8 3/1/1999 -0.3 -0.3 -0.3
6/1/1989 6.5 8.9 12.2 5/1/1994 15.1 15.4 15.5 4/1/1999 6.4 6.4 6.4
7/1/1989 0 0.1 0.3 6/1/1994 12.3 12.6 12.8 5/1/1999 12.4 12.4 12.4
8/1/1989 0 0 0 7/1/1994 0.3 0.3 0.5 6/1/1999 8.6 8.9 9.2
9/1/1989 0 0 0 8/1/1994 0 0 0 7/1/1999 0.9 0.9 0.9
10/1/1989 0 0 0 9/1/1994 0 0 0 8/1/1999 1.1 1.1 1.1
11/1/1989 -0.1 -0.1 -0.1 10/1/1994 0 0 0 9/1/1999 0.9 0.9 1
12/1/1989 -0.1 -0.1 -0.1 11/1/1994 0 0 0 10/1/1999 0.1 0.1 0.1
1/1/1990 -0.1 -0.1 -0.1 12/1/1994 -0.3 -0.3 -0.3 11/1/1999 -0.5 -0.5 -0.5
2/1/1990 -0.1 -0.1 -0.1 1/1/1995 -1.5 -1.5 -1.5 12/1/1999 -0.8 -0.9 -0.9
3/1/1990 0 0 0 2/1/1995 -2.1 -2.1 -2.1 1/1/2000 -1.1 -1.1 -1.1
4/1/1990 1.6 1.6 1.6 3/1/1995 -0.1 -0.3 -0.3 2/1/2000 -1.6 -1.6 -1.6
5/1/1990 3.1 3.1 3.1 4/1/1995 7.8 10 11.2 3/1/2000 -0.3 -0.3 -0.3
6/1/1990 0.1 0.2 0.2 5/1/1995 15.1 19.3 21.7 4/1/2000 4.5 4.5 4.5
7/1/1990 0 0 0 6/1/1995 18.9 23.3 28.8 5/1/2000 8.6 8.6 8.6
8/1/1990 0 0 0 7/1/1995 7.5 9.7 12.9 6/1/2000 2.4 2.6 2.6
9/1/1990 0 0 0 8/1/1995 0.2 0.3 0.4 7/1/2000 0.1 0.2 0.2
10/1/1990 0 0 0 9/1/1995 0.2 0.3 0.4 8/1/2000 0 0 0
11/1/1990 -2.2 -2.2 -2.2 10/1/1995 0.1 0.1 0.1 9/1/2000 0 0 0
12/1/1990 -4.6 -4.6 -4.6 11/1/1995 -0.6 -0.7 -0.9 10/1/2000 0 0 0
1/1/1991 -2.4 -2.4 -2.4 12/1/1995 -2.9 -3.1 -3.2 11/1/2000 0 0 0
2/1/1991 -2.2 -2.2 -2.2 1/1/1996 -2.1 -2.1 -2.2 12/1/2000 -2.2 -2.2 -2.2
3/1/1991 -0.4 -0.4 -0.4 2/1/1996 -2.1 -2.1 -2.1 1/1/2001 -2.4 -2.4 -2.4
4/1/1991 6.9 6.9 6.9 3/1/1996 -0.4 -0.4 -0.4 2/1/2001 -2.5 -2.5 -2.5
5/1/1991 13.2 13.2 13.2 4/1/1996 5.8 5.9 5.9 3/1/2001 -0.4 -0.4 -0.4
6/1/1991 5.7 5.7 57 5/1/1996 11.2 11.3 11.4 4/1/2001 7.6 7.6 7.6
7/1/1991 0 0 0 6/1/1996 3.5 3.6 3.8 5/1/2001 15.1 15.4 15.4
8/1/1991 0 0 0 7/1/1996 0 0 0 6/1/2001 7.8 8.1 8.1
9/1/1991 0 0 0 8/1/1996 0 0 0 7/1/2001 0.2 0.2 0.2
10/1/1991 0 0 0 9/1/1996 0 0 0 8/1/2001 0 0 0
11/1/1991 -1.3 -1.3 -1.3 10/1/1996 0 0 0 9/1/2001 0 0 0
12/1/1991 -4 -4 -4 11/1/1996 -0.3 -0.3 -0.3 10/1/2001 0 0 0
1/1/1992 -2 -2 -2 12/1/1996 -4.6 -4.6 -4.6 11/1/2001 0 0 0
2/1/1992 -1.9 -1.9 -1.9 1/1/1997 -3.2 -3.7 -3.7 12/1/2001 0 0 0
3/1/1992 -0.3 -0.3 -0.3 2/1/1997 0 -2.1 -4.6 1/1/2002 0 0 0
4/1/1992 55 55 55 3/1/1997 0 0 0 2/1/2002 -0.2 -0.2 -0.2
5/1/1992 12.4 12.4 12.4 4/1/1997 7.8 10 11.2 3/1/2002 0 0 0
6/1/1992 14.4 14.4 14.5 5/1/1997 15.1 19.4 21.7 4/1/2002 0.6 0.6 0.6
7/1/1992 2.9 3.1 3.1 6/1/1997 17.4 21.7 26.3 5/1/2002 1.2 1.2 1.3
8/1/1992 0.1 0.1 0.1 7/1/1997 4.6 6.2 7.7 6/1/2002 0 0 0
9/1/1992 0 0 0 8/1/1997 0.3 0.4 0.6 7/1/2002 0 0 0
10/1/1992 0 0 0 9/1/1997 1.2 1.2 1.3 8/1/2002 0 0 0
11/1/1992 -0.2 -0.2 -0.2 10/1/1997 0.9 1 1 9/1/2002 0 0 0
12/1/1992 -0.7 -0.7 -0.7 11/1/1997 -5 -5 -5.1 10/1/2002 0 0 0
1/1/1993 -0.4 -0.4 -0.4 12/1/1997 -5.8 -7.8 -7.9 11/1/2002 0 0 0
2/1/1993 -0.5 -0.5 -0.5 1/1/1998 0 -4.9 -5 12/1/2002 0 0 0
3/1/1993 -0.2 -0.3 -0.3 2/1/1998 0 -0.7 -4.8 1/1/2003 -0.8 -0.8 -0.8
4/1/1993 7.8 10 10.6 3/1/1998 0 0 -0.3 2/1/2003 -2 -2 -2
5/1/1993 15.1 19.4 21.7 4/1/1998 7.8 10 11.2 3/1/2003 -0.3 -0.3 -0.3
6/1/1993 17.4 21.5 26.7 5/1/1998 15 19.2 21.6 4/1/2003 4.8 4.8 4.8
7/1/1993 3.2 4.3 5.7 6/1/1998 10.2 13.5 17.5 5/1/2003 9.3 9.3 9.3
8/1/1993 0.3 0.3 0.4 7/1/1998 0.9 1.4 1.9 6/1/2003 2 2 2
9/1/1993 0.3 0.4 0.4 8/1/1998 0.1 0.2 0.2 7/1/2003 0 0 0
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8/1/2003 0 0 0 7/1/2008 0.1 0.3 0.5
9/1/2003 0 0 0 8/1/2008 0 0 0
10/1/2003 0 0 0 9/1/2008 0 0 0
11/1/2003 04 04 04 10/1/2008 0 0 0
12/1/2003 14 14 14 11/1/2008 09 09 09
1/1/2004 07 07 07 12/1/2008 33 33 33
2/1/2004 06 06 06 1/1/2009 2 2 2
3/1/2004 02 02 02 2/1/2009 2 2 2
4/1/2004 7.7 7.8 78 3/1/2009 03 03 03
5/1/2004 151 157 157 4/1/2009 5.1 5.1 5.1
6/1/2004 71 75 75 5/1/2009 9.9 9.9 9.9
7/1/2004 0 0 0 6/1/2009 3.3 3.3 3.4
8/1/2004 0 0 0 7/1/2009 0 0 0
9/1/2004 0 0 0 8/1/2009 0 0 0
10/1/2004 0 0 0 9/1/2009 0 0 0
11/1/2004 1 1 1

12/1/2004 32 32 32

1/1/2005 23 23 23

2/1/2005 2.8 29 29

3/1/2005 0 02 03

4/1/2005 7.8 10 112

5/1/2005 151 194 217

6/1/2005 133 171 211

7/1/2005 05 0.8 15

8/1/2005 0 0 0

9/1/2005 0 0 0

10/1/2005 0 0 0

11/1/2005 04 04 04

12/1/2005 42 42 42

1/1/2006 2.8 28 28

2/1/2006 3 3 3

3/1/2006 05 05 05

4/1/2006 7.2 73 73

5/1/2006 14 14 14

6/1/2006 5.2 5.2 5.2

7/1/2006 0 0 0

8/1/2006 0 0 0

9/1/2006 0 0 0

10/1/2006 0.7 0.7 0.7

11/1/2006 43 43 43

12/1/2006 49 49 49

1/1/2007 26 26 26

2/1/2007 25 25 25

3/1/2007 02 05 05

4/1/2007 7.8 9.7 9.7

5/1/2007 151 188 188

6/1/2007 6.2 8.3 8.4

7/1/2007 0 0 0

8/1/2007 0 0 0

9/1/2007 0 0 0

10/1/2007 0 0 0

11/1/2007 01 01 01

12/1/2007 36 37 37

1/1/2008 26 26 26

2/1/2008 27 271 27

3/1/2008 02 04 05

4/1/2008 7.8 0 112

5/1/2008 151 194 217

6/1/2008 106 139 179
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SECTIONONE Introduction

A geotechnical investigation was completed for Red Mesa Reservoir, located about 16 miles
southwest of Durango, Colorado. This report presents a summary of the field investigation,
results of laboratory testing, and conclusions and recommendations regarding the feasibility of a
proposed spillway widening and establishing a potential borrow source.

1.1 PROJECT BACKGROUND

Red Mesa Reservoir is located on Hay Gulch in La Plata River drainage and is owned by Red
Mesa Reservoir and Ditch Company (Red Mesa). The reservoir, which is used for irrigation, is
filled using natural inflows from Hay Gulch and flows diverted from the La Plata River via a
canal.

The Colorado State Engineer has identified the spillway at Red Mesa Dam as seriously deficient
in flood routing capacity and has directed the owners to bring the spillway into compliance with
the dam safety requirements for a high hazard dam, or face significant restriction of storage, up
to and including a possible breach order. Because of the degree of current spillway inadequacy,
the State Engineer’s Office in 2012 established a time frame of approximately 3 years to achieve
compliance with their spillway requirements.

Using the results of the previous studies and this geotechnical investigation report, Red Mesa
issued notice to proceed for the preparation of a Feasibility Study which would be used to obtain
funding for design and construction of the necessary improvements to bring the spillway into
compliance with the requirements of the Colorado State Engineer and possibly add storage
capacity to the reservoir.

1.2 SCOPE OF THE GEOTECHNICAL INVESTIGATIONS

URS submitted a proposal dated February 26, 2014 to Red Mesa for conducting a Water Project
Loan Feasibility Study. The feasibility study included a feasibility level geotechnical
investigation to investigate subsurface conditions within the general extent of the proposed
spillway widening and evaluate a potential borrow source for the dam raise.

1.3 GEOTECHNICAL INVESTIGATIONS

The field investigation consisted of drilling test holes in the proposed spillway widening adjacent
to the left abutment and excavating test pits in the reservoir area. The test pits were excavated on
December 10, 2014.

During the site reconnaissance for the test pits, a gas pipeline was identified to be running
through the area of the proposed spillway widening. This discovery delayed test hole drilling
until the owner of the pipeline was identified and the locate request was completed. The test
holes were drilled on January 8, 2015. Soil samples were obtained from the test holes and test
pits for laboratory testing.
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SECTIONTWO Site Description and Field Investigation

2.1  SITE DESCRIPTION

Red Mesa Reservoir area generally consists of farm land and pasture land. During the
geotechnical investigations, the water level in Red Mesa Reservoir ranged from EI. 6867.9
(12/10/14) to 6870.7 ft (1/8/15) according to the Colorado Division of Water Resources station
data.

In the late 1970’s and early 1980’s the surrounding area was developed by natural gas
companies. Natural gas drill pads were developed and several pipelines were installed along
right of way easements. During the natural gas development in the surrounding area, a drill pad
was developed near the west side of the reservoir. A right of way easement was made for a
pipeline to run from the drill pad downstream of the dam and up the left abutment along the
outside edge of the existing spillway to a nearby hydrogen sulfide plant. During site
reconnaissance and test hole layout, Carsonite pipeline markers were observed within the area
indicating a gas pipeline belonging to Western Gas Resources, Inc. Following several contacts
with natural gas entities in southwest Colorado and northwest New Mexico, presently, the owner
of the pipeline was identified to be The Williams Companies, Inc (Williams).

Based on phone conversations with Jodi Armenta (an employee of Williams),the pipeline may be
considered abandoned and the steel pipe is likely of limited value due to corrosion. A letter from
Williams documenting the pipeline status will need to be obtained prior to any future
construction in the spillway area.

2.2 FIELD INVESTIGATIONS

Twelve (12) tests pits were excavated on December 10, 2014 and four (4) test holes were drilled
on January 8, 2015 by Trautner Geotech LLC under subcontract to URS.

2.2.1 TestPits

The test pits were excavated within the reservoir using a Bobcat E50 mini excavator. Test pit
locations are shown on Figure 1.The test pits were logged by a URS geotechnical engineer.
Subsurface samples were collected and retained for laboratory testing. The depth to ground
water during excavation was recorded. Upon completion, the test pits were backfilled with the
excavated soil to the ground surface and compacted with the mini excavator bucket.

2.2.2 TestHoles

The test holes were drilled using a track-mounted CME-45 rotary drill rig. Test hole locations are
shown on Figure 1.The test holes were drilled using a continuous flight solid stem auger. The
subsurface soil samples were collected using a 2-inch outside diameter 18-inch standard split
spoon sampler driven using a 140-pound drop hammer falling 30inches. Standard Penetration
Tests (SPT) were used to measure soil consistency and density in general accordance with
ASTM Method D1586. The penetration resistance was recorded as the number of hammer drops
required to drive the sampler three consecutive 6-inch intervals, with the blow count (N value)
reported being the sum of the recorded hammer drops for the last two 6-inch drive intervals.

SPT samples were collected generally at material transitions observed during drilling. The test
holes were advanced to depths ranging from 31.5 to 59.0 feet below ground surface (bgs). The
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SECTIONTWO Site Description and Field Investigation

test holes were logged by a URS geotechnical engineer as the samples were collected and
retained in sealed bags. The ground water depth during drilling was recorded. After completion
of the drilling operation, the test holes were backfilled to the ground surface with auger cuttings.
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SECTIONTHREE Subsurface Conditions

3.1 LABORATORY TESTING

The samples collected during the field investigations were logged, labeled, and delivered to
Advanced Terra Testing, Inc. in Lakewood, CO under subcontract to URS for laboratory testing.
Index and engineering property tests were conducted on selected representative samples to aid in
classification and evaluation of engineering properties for use in the feasibility study.
Laboratory tests were performed on reservoir and left abutment samples. The following tests
were performed:

e Water content (ASTM D2216);

e Gradation sieve analysis (ASTM D6913);
e Hydrometer testing (ASTM D422);

e Atterberg limits (ASTM D4318);

e Pinhole tests (ASTM D4647); and

e Compaction tests (ASTM D698).

Laboratory test results are described below and are summarized in Table 1. Laboratory data is
provided in Appendix A. Water content measurements were performed during the course of
grain size analyses and Atterberg testing and are included in Appendix A, however, these tests
were performed on soil samples that were not sealed and had dried over a period of about one
month before laboratory testing was performed. Caution should be exercised in using these
results.

3.2 SUBSURFACE SOILS

The subsurface soils within the reservoir area generally consist of a thin layer of deposited silt,
underlain by alternating layers of clay, gravel, and sand, and underlain by sandstone bedrock.
The subsurface soils within the area of the proposed spillway widening generally consist of a
thick layer of gravel, underlain by alternating layers of clay, sand, and gravel, underlain by sand,
and then by sandstone bedrock.

Five soil types were encountered, as generalized from information collected from the 4 test holes
and 12 test pits. They consist of silt (ML), gravel (GW,GP, GW-GP, GC), sand (SC, SM), clay
(CL), and sandstone bedrock. Other than the silt, which was found only in the reservoir test pits,
all of the soil types were encountered in the test holes and test pits.

Graphical representations of the subsurface soils in the reservoir and near the spillway are shown
on Figure 2.

3.21 Clay (CL, CL-ML)

The clay in the test pits and test holes ranges in thickness from 1.0 to 10.5 feet. The clay is
slightly silty to silty, with occasional cobbles, dry to saturated, and light gray to brown to brown-
red to red-orange. The clay is soft to very stiff with generally low plasticity. Measured N values
were 22 blows per foot (bpf).
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SECTIONTHREE Subsurface Conditions

Six samples of clay obtained from TP-1, TP-4, TP-5, TP-7, and TP-10 had liquid limits ranging
from 31 to 35 percent and plasticity indices ranging from 17 to 21 percent. One sealed sample
had a water content of 35 percent. The samples had gravel contents ranging from 0 to 18
percent, sand content ranging from 12 to 30 percent, and fines content ranging from 54 to 88
percent.

Two samples of sand obtained from BH-1 and BH-3 had liquid limits of 22 and 30 percent and
plasticity indices of 8 and 18 percent, respectively. The samples had gravel contents of 8 and 3
percent, sand content of 60 and 22 percent, and fines content of 32 and 76 percent, respectively.

Composite Sample — TP-4 and TP-5

These two samples from the test pits were selected as a composite based on the similarity of the
clay, quantity of available clay, and relative location within the reservoir. The composite sample
had a liquid limit of 36 and plasticity index of 24. The sample had gravel content of 0 percent,
sand content of 9 percent, and fines content of 90 percent. The pinhole test indicated ND1,
nondispersive clay with no colloidal erosion. The standard proctor compaction test indicated an
optimum moisture content of 16.7 percent and a maximum dry density of 111.2 pounds per cubic
foot (pcf).

Composite Sample — TP-7, TP-9, and TP-10

These three samples from the tests pits were selected as a composite based on the similarity of
the clay and relative location within the reservoir. The composite sample had a liquid limit of 29
and plasticity index of 14. The sample had gravel content of 11 percent, sand content of 26
percent, and fines content of 63 percent. The pinhole test indicated ND2, nondispersive clay with
very slight colloidal erosion. The standard proctor compaction test indicated an optimum
moisture content of 13.0 percent and a maximum dry density of 118.0 pounds per cubic foot

(pcf).

3.2.2 Silt (ML)

The silt found in the test pits was about 0.3 to 5 feet thick. The silt is slightly clayey to clayey,
with slight gravel, occasional cobbles, dry to moist, and tan to brown to orange. The silt is soft
to medium stiff with low to medium plasticity.

One sample of silt obtained from TP-9 was non-plastic. The sample had gravel content of O
percent, sand content of 46 percent and fines (silt and clay) content of 54 percent.

3.2.3 Sand (SC)

The sand in the test pits and test holes ranges in thickness from 1.5 to 33 feet. The sand is silty,
clayey, with occasional to frequent cobbles, slightly moist, and tan to brown to red-brown. The
sand is medium dense to very dense with low plasticity. Measured N values were 27 bpf.

One sample of sand obtained from BH-1 had a liquid limit of 22 percent and plasticity index of 8
percent. The sample had gravel content of 8 percent, sand content of 60 percent, and fines
content of 32 percent.
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SECTIONTHREE Subsurface Conditions

3.24 Gravel (GW, GP, GW-GP, GC)

The gravel in the test pits and test holes ranges in thickness from 1.5 to 30 feet. The gravel is
sandy, slightly clayey to clayey with occasional to frequent cobbles, dry, and brown to red. The
gravel is dense to very dense. Measured N values were greater than 50 blows per foot (bpf).

One sample of gravel obtained from TP-6 had a significant content of clay fines, having a liquid
limit of 34 percent and a plasticity index of 21 percent. The sample had gravel content of 32
percent, sand content of 18 percent, and fines content of 50 percent, and classified as a GC.

No laboratory tests were performed on the gravel samples from the test holes. Generally, the
split spoon samples had insufficient sample quantities due to the gravel size.

3.25 Sandstone (Bedrock)

Sandstone bedrock was encountered in the bottom of test holes BH -2 and BH-4 at a depth of 50
and 30 feet bgs, respectively. Sandstone bedrock was encountered in the bottom of test pits TP-8
and TP-12 at depths of 8.0 and 5.0 feet bgs, respectively. The sandstone is hard to very hard,
slightly silty and dry. Practical auger and mini-excavator refusal was found in the test holes and
test pits that encountered sandstone bedrock.

No laboratory tests were performed on the sandstone bedrock samples.

3.3 GROUND WATER

Ground water levels, based on observations during drilling and excavation operations, was
encountered in only BH-1 at a depth of 39 feet bgs and in the test pit excavations at depths
ranging from 1 to 7.5 feet bgs. The ground water in the test pits reflected the reservoir level.
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SECTIONFOUR Conclusions and Recommendations

41  CONCLUSIONS

41.1 Borrow Area

The laboratory tests on the composite samples indicate that the soil ranges from sandy lean clay
to lean clay and would likely be suitable as a clay borrow source. Testing indicates that the
samples are nondispersive. However, the moisture content of 35 percent (TP-5) from a sealed
sample bag indicates that the clay in TP-5 and near the stream channel are about 18 percent
higher than optimum (16.7 percent moisture content). Due to the proximity of TP-4 and TP-5 to
the stream in Hay Gulch, it is unlikely that this area of soils would dry out quickly after
construction dewatering. The moisture contents from the Atterberg test of soil from an unsealed
sample bag of the composite of TP-7, TP-9, and TP-10 indicate an average of 14.6 percent. The
in-place moisture content appears to be closer to the optimum moisture content of 13.0 percent.

Large rainstorms, extended periods of drought, and inundation by the reservoir will change the
moisture content of the soil. Generally, the soil near the Hay Gulch stream will typically be
above the optimum moisture content and likely require drying if used as a borrow source.

4.1.2 Left Abutment Area

Drilling observations indicate that the sandy gravel in the proposed spillway widening area may
be a suitable borrow source for embankment shell material. The high blow counts in the test
holes are indicative of dense gravel and the rock flour from the drilling process indicates the
presence of frequent cobbles in the dense gravel.

42 RECOMMENDATIONS

Drilling methods for this geotechnical investigation consisted of using a solid stem auger and
drilling as many holes as possible in a single day of investigations. After the first test hole,
penetration resistance testing and split-spoon sampling in the gravel and cobbles were largely
terminated due to the high density of the material and the inability of the split-spoon sampler to
obtain useful data and samples from the soil layer.

Based on the results of the test pit excavations and laboratory testing, the clay in the reservoir
area appears to be a suitable borrow source for the embankment. Based on the drilling
performed in the area of the proposed spillway widening and the assumption that the spillway
will not be founded on bedrock, the spillway excavation should be able to be performed with
conventional equipment, including excavators and dozers. The embankment and spillway design
will largely depend on results of the erodibility, settlement, seepage, and stability results that are
typically performed during the design process.

Once detailed engineering and design is pursued, additional subsurface investigations should be
considered throughout the extents of the spillway area and on the dam slopes. Drilling and rock
coring should be performed with a truck mounted drill rig with hollow stem augers to provide the
best quality data. Test pits should be excavated in the spillway area and samples should be
collected and laboratory tested to characterize the gravel and cobble layers.

Although phone conversations with Williams indicates that the gas pipeline that runs through the
proposed widened spillway area is effectively abandoned, documentation from Williams
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SECTIONFOUR Conclusions and Recommendations

indicating the status of the pipeline and permission to excavate and remove is pending.

Documentation will need to be reviewed and accepted by Red Mesa Reservoir and Ditch
Company.
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SECTIONFIVE General Information

Professional judgments, analyses, and evaluations are presented in this report. They are based
partly on information gathered from previous investigations and laboratory testing; partly on
published values for similar materials; and partly on our experience with similar projects. The
subsurface conditions are known only at the test hole locations and may vary substantially from
conditions at other locations and from the descriptions documented in previous project reports.
We do not guarantee the performance of this project, only that our engineering work and
judgments rendered meet the standard of care of our profession.

URS represents that our services were performed within the limits prescribed under the contract
for this project, in a manner consistent with the level of care and skill ordinarily exercised by
other professional consultants under similar circumstances. No other representation, expressed
or implied, and no other warranty or guarantee is included or intended.
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Summary of Laboratory Test Results

Table 1

Standard Proctor

i Compaction Test
Tesglr-lole Sample Depth Cvgr?:eerru Ll_'?mu:? Pﬂ?:qtl'tc Plasticity GSr?zv: | S’Séll?g C'::rrl]tzsnt uscs Pinhole Test Optimur: Maximum
i Number (feet) 7 - 2 Index? Fraction | Fraction | (-No.200 Symbol (Dispersivity) | Moisture D
Test it S A %) %) | Sieve Content | Densiy
(%) (pcf)
Reservoir Test Pits
TP-1 S1 0.5-7.5 - 34 13 21 0.3 135 86.2 CL - - -
TP-1 S2 7.5-9.0 - 32 13 19 0 30.2 69.8 CL - - -
TP-4 S1 0-5.0 - 35 14 21 0.2 12.3 87.5 CL - - -
TP-5 S1 1-10.5 35.0
TP-6* S2 2.0-8.0 - 34 13 21 323 17.9 49.8 GC - - -
TP-7 S1 0.5-5.0 - 32 13 19 11.8 23.6 64.6 CL - - -
TP-9 S1 0.5-5.0 - NP? NP? NP2 0 45.9 54.1 ML - - -
TP-10 S2 7.5-10.0 - 31 14 17 17.8 28.0 54.2 CL - - -
Composite Test Pit Samples
TP-4,5 - - - 36 12 24 04 9.3 90.3 CL ND1 16.7 111.2
TP-7,9,10 - - - 29 15 14 11.0 26.1 62.9 CL ND2 13.0 118.0
Spillway Test Hole Samples
BH-1 S5 19.5-23.0 - 22 14 8 75 60.2 32.3 SC - - -
BH-2 S1 12.0 - 25 18 7 1.1 30.8 68.1 CL-ML - - -
BH-3 S1 125 - 30 12 18 2.7 21.6 75.7 CL - - -

1. Insufficient sample size to meet ASTM D6913 standard.
2. NP denotes non-plastic.
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GRAVEL, DENSE TO VERY DENSE, SANDY, SLIGHTLY CLAYEY TO CLAYEY,
OCCASIONAL TO FREQUENT COBBLES, DRY, BROWN, RED, (GW, GP, GW-GP);
(ALLUVIUM)

SANDSTONE, HARD TO VERY HARD, DRY, RED-BROWN (BEDROCK)

GROUNDWATER LEVEL ENCOUNTERED DURING DRILLING OR EXCATION

INDICATES THAT 40 BLOWS OF A 140-POUND HAMMER FALLING 30 INCHES WERE
REQUIRED TO DRIVE A 2-INCH DIAMETER SPLIT BARREL SAMPLER 2 INCHES

INDICATES THAT 27 BLOWS OF A 140-POUND HAMMER FALLING 30-INCHES WERE
REQUIRED TO DRIVE A 2-INCH DIAMETER SPLIT BARREL SAMPLER 12 INCHES

INDICATES PRACTICAL AUGER OR MINI-EXCAVATOR REFUSAL

BAG SAMPLE COLLECTED OVER INTERVAL
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TP-7 TP-8 TP-9 TP-10 TP-11 TP-12
I I . S S 0 —
] . Ava
Z ; | ;a 2
st 17 ] s1 F'L;‘ ‘ ol
X ] s e ] s
bt “ I “7‘ It 4 - '_
)2 | o <
O 58 ® E
o e L E
) o oy
S2 - : ’. ¥ 8 — g
L | s2
t || 0]
12 -
NOTES:

1. TEST HOLES IN THIS GEOTECHNICAL INVESTIGATION WERE DRILLED
ON JANUARY 8, 2015 BY TRAUTNER GEOTECH, LLC. OF DURANGO,
COLORADO USING SOLID STEM AUGERS POWERED BY A CME-45
TRACK MOUNTED DRILL RIG. TEST PITS WERE EXCAVATED ON
DECEMBER 10, 2014 BY TRAUTNER GEOTECH, LLC. USING A BOBCAT
E50 MINI-EXCAVATOR.

2. TEST HOLE AND TEST PIT LOGS IN THIS REPORT ARE SUBJECT TO
LIMITATIONS, EXPLANATIONS, AND CONCLUSIONS OF THIS REPORT

3. TEST HOLE ELEVATIONS HAVE NOT BEEN SURVEYED; THEY ARE
APPROXIMATE.
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