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COLORADO OPTIONS ANALYSIS
by Reagan M. Waskom, Colorado Water Institute, Colorado State University

INTRODUCTION

In 2012, the Colorado Legislature passed House Bill 12-1278, entitled Concerning The
Authorization Of a Study of The South Platte River Alluvial Aquifer (HB 1278). HB 1278
was a result of a decade of debate in the South Platte basin that initially concerned wells
that lacked Water Court-adjudicated augmentation plans to repay out-of-priority depletions.
Later, concerns arose regarding property adversely impacted by high groundwater levels.
The sponsors of the bill sought further information about planned utilization of the
groundwater resource as a basis for improving the system of water administration in the
South Platte. HB 1278 directed the Colorado Water Institute (CWI) at Colorado State
University to conduct a study of the South Platte alluvial aquifer along the mainstem from
Denver to the state line and present a report to the General Assembly by December 31,
2013. This article is an abridged summary of the full report, which can be found at: www.
cwi.colostate.edu/southplatte/.

BACKGROUND
GROUNDWATER USE AND SUPPLY CONCERNS

The South Platte basin is the most complex water use and administration basin in
Colorado, with a long management history and some 18,600 decreed points of diversion.
The South Platte River flows eastwards out of the Rocky Mountains to Denver then turns
northeast and flows to Nebraska. The average annual flow in the South Platte at Julesburg
(since 1969), near the Nebraska border, is approximately 478,000 acre-feet (AF), but
within this period there has been variation in average annual flow between 55,000 and
2.1 million AF. Flows are bolstered by annual transfers of approximately 400,000 AF in
transbasin diversions, mostly from the Colorado River.

There is rarely enough water to satisfy all of the demands for water in this growing
basin, where the majority of Colorado’s citizens reside. Return flows from irrigation make
a large contribution to stabilizing river flows and are a critical component of water rights
and water utilization in this basin. “Return flow” is the amount of water that reaches a
surface or groundwater source after it has been released from the point of use and thus
becomes available for further reuse. The alluvial groundwater system covers about 4,000
square miles (Map 1) and is widely used for irrigation. Due to the magnitude of surface
and groundwater diverted for irrigation, agricultural water use exerts a large influence on
groundwater flow conditions. A century and a half of irrigation development in the basin
has resulted in an extensive network of diversion ditches, canals, and reservoirs, all of
which seep large amounts of water into the alluvial aquifer. Large irrigation ditches with
senior rights divert the entire flow of the river at certain places and times, yet the river
regains flow from groundwater and return flows just below these dry-up points to serve the
next downstream water right. More recently — particularly in the last 20 years — there
has been extensive development of recharge projects that are used to augment out-of-
priority groundwater diversions or withdrawals.
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The history of irrigation in the South Platte basin has been a cycle of over-appropriation followed
by adjustment and supply enhancement. New canals, reservoirs, transbasin diversions, and wells were
developed over time to deal with shortage and to firm up water rights and irrigable acreage, but conditions
always quickly returned back to a fully appropriated system. The era of irrigation development on the
South Platte began in earnest in the early 1860s, and the first large-scale irrigation project was initiated with
the Union Colony in 1870 near Greeley. Chronologically speaking, the use of groundwater for irrigation
was not far behind, as the first irrigation well of record was excavated in 1886 in the Lone Tree alluvium
east of Eaton. As early as 1896, it was documented that the South Platte River was being augmented by
canal seepage and irrigation return flow, benefiting those downstream. In Comstock v. Ramsay, (133 Pac.
1107 (1913), the Colorado Supreme Court clarified that return flows are tributary to the river and that the
water right holder has no right to redirect return flows, thus establishing the “single use rule.” In its 1913
ruling, the Court stated that all of the waters of the South Platte were appropriated, and that the entire
normal flow was inadequate to supply the decreed irrigated lands. Additionally, the ruling stated that
almost every water right decree — except possibly very early ones — were dependent upon return flows
which enabled enlarged use of the streams.

It was not until the 1930s, when modern drilling technology and electrical pumps became available,
that well yields became sufficient for large-scale irrigated crop production. By 1930, there were
approximately 300 high capacity wells in the South Platte basin, and the drought of the 1930s resulted in
an additional 1,400 wells constructed in the basin. William Code’s 1943 report, Use Of Ground Water
For Irrigation In The South Platte Valley Of Colorado, documented that there were 1,957 irrigation wells
pumping an estimated 220,000 AF in 1940. Code determined that over 80% of the irrigation wells at that
time were used to supplement the surface water rights owned by irrigators. Following World War II, the
rural electrical associations brought electric power to rural areas and turbine pump technology became
available, making diversion of groundwater more feasible. Severe drought during the 1950s resulted in
the construction of an additional 1,200 wells. By this point, there was growing concern in the basin about
the impact of unbridled well pumping on river flows. The legislature took the first step toward regulating
tributary groundwater when it passed Senate Bill 120 in 1953. This 1953 Act, entitled “Underground
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Water,” required well drillers to be licensed, filing of advance notice of well drilling, and filing of well logs
after drilling, all under the supervision of the Colorado Water Conservation Board (CWCB).

Compared to some of the other western states, Colorado was relatively slow to enact legislation
governing groundwater withdrawals. Several other western states addressed the groundwater issue in some
form early in their development (Territory of Dakota, 1866; Kansas 1891, 1910; Idaho, 1899; Utah, 1903;
Nevada and California, 1913; Arizona, 1919). The Colorado General Assembly took no meaningful action
until 1957. The Colorado Ground Water Law of 1957 established that a permit from the State Engineer
was a prerequisite to drilling a well and obtaining a water right, but the permit was “administrative only”
— with no evaluation standards and therefore no basis to deny. The 1957 Act also established that a well
permit “shall not have the effect of granting or conferring a groundwater right upon the user,” and that the
newly established Commission shall identify critical groundwater areas that “have approached, reached or
exceeded the normal annual rate of replenishment” (1957 Colo. Sess. Laws, Ch. 289, 863-73).

The General Assembly first put groundwater within the regulatory authority of the State Engineer
in 1965 by allowing the denial of a well permit application if the State Engineer found that there was
no unappropriated water available or that the proposed well would materially injure other vested water
rights. Although the 1965 Act subjected new wells to an injury analysis, it did not require wells to get a
decreed water right, and did not provide for administration (regulation) in order of priority of permitted
wells. During the mid-1960s, dry conditions and low streamflows resulted in more complaints by holders
of senior surface water rights on the South Platte and Arkansas River. These “seniors” claimed that wells
were causing depletions and should be regulated within the priority system like surface water rights. In
June 1966, the Division Engineer in the Arkansas River basin attempted to regulate a limited number of
wells. This led to the Colorado Supreme Court (Supreme Court) decision in Fellhauer v. People, 447 P.2d
986 (1968). In Fellhauer, the Supreme Court held that any regulation of wells must be preceded by the
promulgation of reasonable rules and regulations, and that wells should only be regulated to the extent that
it resulted in a reasonable lessening of material injury to senior water rights. Fellhauer contained the now
famous statement by Justice Groves that “as administration of water approaches its second century, the
curtain is opening upon the new drama of maximum utilization and how constitutionally that doctrine can
be integrated into the law of vested rights.” Id. at 994.

In 1967, the Legislature passed Senate Bill 407, authorizing a two-year investigation of the relationship
between surface and groundwater to evaluate the need for additional legislation to integrate administration
of surface and groundwater. Following the SB 407 studies and the Fellhauer decision, the Legislature
enacted comprehensive legislation entitled the Water Right Determination and Administration Act of 1969
(1969 Act).

The 1969 Act was the Legislature’s attempt to integrate surface and groundwater use. It intentionally
brought all alluvial groundwater into administration based on the Prior Appropriation Doctrine. The
legislative declaration of the 1969 Act provides that “it is the policy of this state to integrate the
appropriation, use, and administration of underground water tributary to a stream with the use of surface
water in such a way as to maximize the beneficial use of all of the waters of this state.”

The 1969 Act introduced the concept of a “plan for augmentation,” by which a well or other
junior water right could divert or operate out-of-priority so long as replacement water was supplied in
time, location, and amount sufficient to prevent injury to senior water rights. The 1969 Act called for
adjudication of all such augmentation plans by the Water Court. However, in order to ease the transition,
the 1969 Act further provided the State Engineer with the authority to approve augmentation plans on a
temporary basis, pending court adjudication of the final plans. The State Engineer’s continued approval of
temporary plans would eventually cause a major crisis in 2002. In the wake of the 1969 Act, most South
Platte well users adjudicated their wells before the Water Court and received priority dates. Some sought
Water Court approval of permanent augmentation plans. However, the vast majority of South Platte wells
sought shelter for their augmentation plans by having the State Engineer approve them as substitute water
supply plans (SWSPs) — annual administrative approvals that allowed ongoing pumping on a year-by-year
basis.

Because of the high cost of obtaining the replacement water necessary for the adjudication of
permanent plans, two major well augmentation groups formed on the South Platte — one under the
auspices of GASP (Groundwater Appropriators of the South Platte) was established in 1972 (approximately
4,000 wells), and the Central Colorado Water Conservancy District’s (CCWCD’s) Ground Water
Management Subdistrict (Central GMS) was formed in 1973 (approximately 1,000 wells). Neither Central
GMS nor GASP sought Water Court-approved augmentation plans in the 1970s, ‘80s, or ‘90s. The State
Engineer continued to approve annual temporary SWSPs for these entities. Some South Platte water users
became increasingly dissatisfied with the approval process, accusing Central GMS and GASP of providing
inadequate replacement of depletions. However, from 1980 to 2000, the South Platte enjoyed 20 relatively
wet years, masking supply shortages.
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In 2000, litigation was initiated in the Arkansas River basin between the Empire Lodge Homeowners
South Platte Association and the Moyers. The dispute involved property access issues, but a fight over water also
developed. The issue was the State Engineer’s approval of an SWSP under C.R.S. § 37-80-120 that
Wells allowed a pond to be filled by exchange out of the Arkansas River up a small tributary. The water judge
ruled that the Legislature had not given the State Engineer authority to approve SWSPs. This ruling was
State Engineer’s appealed to the Colorado Supreme Court, and in December 2001, the Court’s decision in Empire Lodge
Authority Homeowner s Association v. Moyer, 39 P.3d 1139 (2001), affirmed the Water Court’s decision that the
Ruling State Engineer did not have legal authority to approve SWSPs under the statute (C.R.S. § 37-80-120)
that had historically been relied upon. The Empire Lodge case had a direct and immediate impact on
the administration of water rights in the South Platte River basin, since the State Engineer no longer had
authority to approve SWSPs, including the large plans covering thousands of wells operated by Central
GMS and GASP. Empire Lodge affirmed that an augmentation plan is a legislatively created device to
provide replacement water for senior water rights and thereby allow junior appropriators to divert water
when they would otherwise be curtailed under strict prior appropriation administration. Under the priority
Nondiscretionary || system, depletions not adequately replaced result in curtailment of diversions by junior water right holders
Duty S0 as to protect more senior water rights — such curtailment is a nondiscretionary duty that the water

administration officials must discharge.

2002 brought one of the worst drought years in recorded history. The “call” by senior water rights
to regulate junior users began in June and stayed on throughout the rest of the year. The calls in 2003
lasted nearly the entire year, and in 2004 the situation was similar. As a result, replacement of depletions
caused by wells required considerably more augmentation water, and GASP ultimately went out of
business in 2006. In GASP’s place other groups were formed to develop and file augmentation plans.

The “South Platte Well Owners” filed two applications for augmentation plans with the Water Court and,
subsequent to legislation granting temporary relief, sought temporary approval of an SWSP for 380 wells
in June 2003. This group was comprised of former members of GASP. In 2004, CCWCD established
the Central WAS, which included the above 380 wells and 61 additional wells, for a total of 441 wells.
Meanwhile, the Central GMS application (Case No. 02CW335) was being prepared for a 2005 trial in
the Water Court. In May of 2005, the Central GMS case settled on the eve of trial. The resulting consent
decree was the result of extensive settlement negotiations and contained numerous restrictive terms and
conditions for the protection of senior water rights. The Central GMS decree utilized a projection tool

to forecast future depletions and anticipated replacement of Central GMS member wells. After lengthy
multi-party negotiations, Central GMS settled out of court with water users opposing its plan, and presented
a stipulated augmentation plan to the judge. The Central GMS plan did not have enough water to cover
depletions from pumping its member wells at 100% capacity. As a result, they needed to limit pumping
such that depletions would never exceed replacement supply. Since the entry of its decree, Central GMS
has been only able to declare quotas ranging from 15% to 40% of calculated total crop demand.

The Central WAS plan was unable to settle out of court. Senior surface rights owners opposed their
application, principally because the opposers believed that Central WAS did not have enough augmentation
supplies to justify the entry of an augmentation plan decree. WAS wells did not receive temporary approval
to operate in 2006, and were curtailed. This curtailment was an extreme hardship on well owners, and drew
attention from national media. The most immediate economic impact of well curtailment fell on farmers
who relied disproportionately on alluvial groundwater for irrigation. These producers had little recourse
but to fallow land or convert formerly irrigated acres to dryland farming.

From 1995 to 2007 the number of augmentation plan decrees in Colorado went from 400 to over
750. During this same period the number of mainstem “calls” went from less than 100 days per year to
essentially year-round. This change in the call regime resulted in reduced use of groundwater and increased
reliance on surface rights during the summer. From 1995 to 2007 the number of water rights for which
daily diversions are recorded went from 3,250 to almost 4,900. This increase in surface water diversion
was in large part made possible due to junior recharge projects coming online and decreed augmentation
plans, and changes of water rights that required daily recording of diversions. The historical lack of river
calls from November through March has ceased as reservoir managers place calls to assure that they can
fill their reservoirs and not have to compete for water that otherwise would be diverted by junior recharge
water rights and storage rights.

RIVER CALLS
Tributary groundwater users are responsible under Colorado law to repay injurious river depletions
taken out-of-priority during times the river is under senior call or administration. “Tributary groundwater”
is water present below the earth’s surface that is hydrologically connected to a natural surface stream. One
of many changes that have occurred in the South Platte basin over time has been the percentage of time
during which the river is under administration, particularly outside of the typical irrigation season.
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At one time there was a so-called “gentlemen’s agreement” in the South Platte regarding how surface
reservoirs would be filled during the off-season. The agreement was that following a normal irrigation
season, surface reservoirs would begin storing river flows from the top of the basin down, and lower river
seniors would avoid making a priority call. This resulted in minimal wintertime calls on the river and thus
the wintertime stream depletions caused by groundwater pumping from previous years did not have to be
replaced by irrigation well owners. This was a major benefit for well augmentation plans and particularly
for GASP and CCWCD. The gentlemen’s agreement began to break down in the late 1990s as more
aquifer recharge projects were developed for augmentation plans, taking advantage of “free river” periods
(i.e., periods when the river was “free” of being under “call” administration) by using water available when
reservoirs were filling under the gentlemen’s agreement. The loss of the agreement increased the period
of time the river was under call and, hence, increased the depletions owed back to the river system by well
users. Division 1 staff still attempted to facilitate the filling of upstream reservoirs by working with water
users to encourage cooperation and efficiency in the spirit of the gentlemen’s agreement, but this strategy
could only work when adequate water was available in the river.

Analysis of the call data from 1982 to 2012 shows that administration of the river has changed
considerably in the recent decade. In the past, the number of days the river was under administration was
typically a function of water supply from snowpack and precipitation. This changed beginning in 2000
when additional calls were put on the river during both the irrigation season and the reservoir-filling season.
Average days under call in the period of 2002-2012 has tripled in District 2, quadrupled in District 1, and
more than doubled in District 64 compared to the 1982-2001 period. Off-season calls account for much,
but not all, of this change in administration. The net impact is a double whammy of more days that well
depletions must be repaid and fewer days of free river when junior augmentation rights can be exercised.

It should be noted that not all river calls impact irrigation wells. Most of the high capacity irrigation
wells in the basin have 1930s-1960s priority dates. Any call that is junior to a well’s adjudicated priority
date does not trigger augmentation requirements for that well’s depletions. The oldest augmentation calling
right on the river is the 1972 Fort Morgan Plan. While post-1972 augmentation plans include recharge
rights that occasionally are in priority as the calling right, wells with water rights senior to 1972 do not
have to replace depletions called by post-1972 augmentation plans. In most cases, post-1972 recharge
calls function as “bypass calls” to the benefit of senior users. [Editor’s note: In Colorado a “bypass call”
exists when a user may only divert a portion of their water right’s appropriation and must “bypass” the
remainder of the water.] The post-1972 recharge calls almost all operate as bypass calls to rights senior
to most wells when there was enough water to meet the senior demand, but not enough to go to free river.
These calls maximize beneficial use by allowing the well depletions to be in priority (and thus not require
augmentation), while also keeping the most junior rights out of the river so that call administration does not
yo-yo between senior calls and free river. The Division 1 Engineer estimates there are approximately 6,000
cfs of decreed water rights in Districts 1 and 64 for recharge and augmentation with post-1972 priority
dates. Recharge and recharge calls happen primarily in two periods — the spring and fall shoulder months
(when neither direct use nor diversions for storage are at their peak), or in the dead of winter.

HIGH WATER TABLES

In 2008, there were homeowner reports of rising groundwater levels in the Sterling and Greeley
areas. Subsequent wet years in 2009, 2010, and 2011 increased the frequency and locations of complaints.
Homeowners reported failing septic systems and flooding basements that had not previously been a
concern. Some farmers reported waterlogged fields and damaged crops. Local attempts to address
flooding concerns were not successful, as inadequate information existed to precisely isolate the cause of
the waterlogging.

Some well owners who had been curtailed due to lack of adjudicated augmentation plans believed
the high water table was an outcome of the recent changes in groundwater management. These parties
appealed to the state Legislature, asking if there was a way to insert some institutional mechanisms to
create more flexibility and opportunity for agricultural water users. Homeowners with flooded basements
asked why recharge structures continued their operations when the local water table was near the surface.
Eventually, the Legislature passed HB 1278 to study these problems and propose solutions.

GROUNDWATER PUMPING, CONSUMPTIVE USE & REPLACEMENT
All groundwater in the South Platte basin that is not either designated basin groundwater or Denver
Basin groundwater is presumed to be tributary groundwater, in direct hydraulic connection to the surface
stream system. Prior to 2003, on average nearly 500,000 AF of groundwater was pumped annually in the
South Platte basin from approximately 8,200 high capacity wells. Agricultural pumping between the years
1950 to 2000 was calculated to average 438,000 AF/yr with municipal and industrial pumping growing to
approximately 50,000 AF/yr during this same period. There are now approximately 6,500 high capacity
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wells in the basin and total annual groundwater pumping in the basin is now closer to 450,000 AF/yr, with
agricultural pumping in the 400,000 AF/yr range (Figure 2). Central Colorado Water Conservancy District
has approximately 1,200 wells in the WAS and Central GMS plans that are on a quota system and not able
to pump anywhere near 100% of full crop evapotranspiration (ET) — the Central GMS quota has been
around 35% since 2006; WAS quotas have been even less. Most of the other irrigation wells in adjudicated
augmentation plans have full or near full allocations in most years. While new rules implemented in 2013
now require well owners to meter and provide pumping records, it will likely be several years before we
have accurate accounting of wells” metering records to determine exactly how much individual wells are
pumping and how much water is extracted from the various reaches of the alluvium in the basin.

For the purposes of augmentation plans, two methods are generally used to determine the amount
of stream depletion caused by well pumping: 1) crop potential consumptive; or 2) presumed depletive
factor. The most commonly used method for estimating stream depletion is the presumed depletive
factor (PDF). In this method, well volume is recorded or calculated and a specified percentage of that
pumping is assumed to be consumptively used by the crop depending upon irrigation method (and hence
the streamflow depletive amount). In most plans, sprinkler irrigation is assumed to have an 80% PDF and
surface irrigation is assumed to have a 60% PDF. The amount, timing, and location of stream depletion
due to pumping depend on proximity of the well to the stream, the pumping rate and duration, the direction
and rate of groundwater flow, the amount of groundwater recharge, and hydraulic properties of the aquifer.
Whether a pumped depletion causes injury depends on if it impacts the stream while under administration
(priority water rights regulation) and if senior diverters are thereby shorted by the out-of-priority pumped
depletion.

The method used for the HB 1278 analysis for estimating agricultural pumping — where groundwater
is the sole source — is based upon crop consumptive use and an estimation of irrigation efficiency using
80% for sprinkler irrigation and 60% for flood irrigation. The average annual agricultural pumping
demand for the period of 1991 to 1994 is estimated at 432,838 AF per year. Annual pumping rates are
known to vary as a function of streamflow, precipitation, and ET; thus, modeled estimates attempt to
incorporate these variables. Pumping rates for agricultural wells range from zero during the non-growing
season months (generally November through March), and reach peak values in July of each year. Annual
agricultural pumping values range from 176,000 AF in 1951 to 714,000 AF in 2002 in Division 1. July has
the highest average pumping rate of 127,000 AF followed by August, June and September.

1.—-—

Figure 2: High Capacity Irrigation Wells of CDWR Division
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Irrigated lands have decreased in the South Platte basin since reaching a peak of slightly over one
million acres in the mid-1970s to approximately 830,000 acres presently (Figure 3). Much of this loss of
irrigated lands is a result of urban growth over agricultural lands along the Front Range / [-25 corridor,
but some of it can also be attributed to the purchase of senior agricultural surface water rights and the
subsequent dry-up of these lands.

Figure 4: Total Estimated Annual Pumping
& Groundwater Use in Water Districts 2, 1, & 64
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Estimated pumping amounts for Water District 2, 1 and 64 were based on crop irrigation water
requirements plus an on-farm application efficiency value associated with flood and sprinkler application
methods less any surface water supplies, using analysis developed for the South Platte Decision Support
System (SPDSS) (Figure 4). The difference between pumping and consumptive use reflects the portion
of the pumped water that is not consumed by the crops and returns to the river or aquifer. The difference
between annual pumping and consumptive use generally decreases over time, reflecting the gradual
increase in sprinkler irrigation over the past several decades.

Annual variability of the pumping volumes can be attributed primarily to varying climate conditions,
plus some changes in irrigated acreage. The greatest pumping and consumptive use occurs in Water
District 1, which correlates with the large amount of acreage served only by groundwater in that district.
Reduced pumping in Water District 2 after the 2002 drought occurred because many wells were not fully
covered under augmentation plans and were forced to reduce pumping. Water District 64 has the most
recharge and surface augmentation sources, and increased pumping reflects limited surface water due to
drier conditions. It is important to note that consumptive use values shown in these graphs do not take into
account the time-lagged depletive impacts to the river. Five-year averages are used to smooth out the data
and approximate the effect of lagged depletions. Note that groundwater pumping has shown an increase
since 2009 as additional augmentation supplies have been acquired and adjudicated.
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AUGMENTATION

Plans for augmentation allow diversions of water out-of-priority while ensuring the protection of
senior water rights. Decreed water rights receive a replacement water supply that offsets the out-of-priority
depletions caused by well pumping. Replacement water can come from any legally available source of
water such as mutual ditch company shares, reservoir storage releases, successive use of transbasin water,
nontributary water, augmentation wells, and/or artificial recharge of aquifers to generate augmentation
credits. Where surface water is fully appropriated, Colorado law presumes that groundwater depletions
through well pumping wil/ result in injury to senior appropriators absent a showing to the contrary. The
South Platte River basin is fully appropriated and thus the presumption of injury accompanies all out-of-
priority depletions by tributary wells.

Elements of a well augmentation plan typically include:
*» Accounting of river depletions in time, amount, and location due to well pumping
* Replacement/augmentation sources for all injurious depletions
* The plan for operation of augmentation water to cover depletions

The most cost effective method of augmentation is to develop recharge structures that can take surface
water during times of free river (availability) and allow the water to seep into the aquifer and back to the
river. These structures may be ponds, unlined ditches, or low lying areas that overly the alluvium and are
hydraulically connected to the river, are permeable, and have enough unsaturated material above the water
table to allow recharge. The concept is to time the recharge so that it will flow underground back to the
river coincident with the timing of injurious well depletions impacting the river. The returned recharge
water is then available to senior surface water rights in lieu of the river baseflow that was taken out-of-
priority by well pumping. The accuracy of calculating the timing of this recharge water return flow to the
river is important as it determines whether the recharge suitably replaces water in the river at the time it is
needed by senior water rights.

Augmentation plan decrees by the Water Court typically specify an assumed period of senior call
that must be protected from injury, often all of the irrigation season. The plan may also be required to
demonstrate that depletions from irrigation, augmentation, and recharge wells can all be replaced, if
necessary, for the entire year. Plan operators are required to submit monthly reports of their daily depletion
and accretion accounting to the Division Engineer. Net out-of-priority well depletions are calculated by
multiplying the sum of net depletion by the percentage of time the wells were out-of-priority. Shortfalls in
accretions to cover net depletions necessitate replacement with alternative augmentation water or curtailing
well pumping to the extent needed to avoid a deficit. Augmentation plan operators are bound by the terms
and conditions of the decree and the Division Engineer has the nondiscretionary responsibility to enforce
the terms and conditions of the decree upon the wells and the lands included in the decree, as well as the
successors and assignees until all obligations under the decree has been fulfilled.

Augmentation supplies can be divided into two general categories:

* Recharge Augmentation Supplies include water diverted for in-ditch recharge or to recharge ponds.
The lagged timing of these recharge supplies is not specifically considered. Instead, the monthly
diversions to recharge are summed on an annual basis, and trends are considered based on a five-
year average. Note that recharge augmentation supplies accrue to the river regardless of whether a
call requires augmentation during that time period.

* Surface Augmentation Supplies include controlled water released from a storage reservoir; water
diverted and released to the river via an augmentation station; and reusable effluent. Surface
augmentation supplies are only released to the river when a call requires augmentation.

Recharge structures in the South Platte are designed to introduce water into the alluvium that will
result in water accretions to the river (Figure 5). The structures are optimally sited at a distance from
the river that most efficiently covers lagged pumping depletions that are incurred during the summer
growing season, but may hit the river days, months or years later during a period when the river is under
administration. A recharge structure may be a designated section of unlined ditch or canal, or a pond or
group of ponds that receive water designated for recharge or augmentation. Flow into and out of each
recharge structure must be metered and equipped with a continuous flow recorder or similar approved
equipment. Recharge water must be deemed fully consumable and accretions are calculated as inflow
minus evaporation plus consumptive use by vegetation plus water retained and outflow. Recharge
accounting is done daily and monthly summations are provided to the Division Engineer within 30 days of
the end of the month.
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As discussed above, not all groundwater pumping causes depletions to the river. Also, depletions
do not require augmentation if there is not a senior call on the river. The annual potential augmentation
requirements shown in Figure 6 below does not represent lagging or periods that the river is not under
call. The result is that the lack of lagging underestimates depletion, while the assumption of 100% call
overestimates the owed depletions. A calibrated groundwater model is needed to more precisely quantify
lagged augmentation requirements at this scale.

The increase in recharge augmentation supply in the 2000s is a result of an increase in recharge areas
constructed in the basin, specifically in Water District 64 and to a slightly lesser degree in Water District 1
(Figure 6). District 2 has seen the development of many lined gravel pits which may or may not provide
augmentation water, but do not serve as a source of recharge. Augmentation supplies in District 2 are
inadequate to serve the needs, thus wells remain on restricted quotas. Surface augmentation supply reflects
releases for augmentation from reservoirs that are able to release directly back to the river, groundwater
diversions from augmentation/recharge wells, bypassed diversions measured at augmentation stations,
reusable effluent, and other sources of direct augmentation.

Figure 5: Location of Recharge Structures
in the South Platte Basin sl
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The five-year averages shown in Figure 6 indicate that potential estimated augmentation requirements
exceeded augmentation supply prior to more strict administration beginning after the drought in the early
2000s. However, since days of administrative call were considerably less in these water districts prior
to 2000, the actual augmentation requirement would have been much less than the potential maximum
requirement based upon consumptive groundwater pumping.

Figure 6: Total Annual Surface & Groundwater Augmentation Supplies
Versus Estimated Potential Augmentation Requirements
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operators cannot know when the next drought period will occur, they are compelled to operate in a manner
that assumes that drought could occur next year, or for the next six years, depending upon their court
decree. Additionally, the timing of when the recharge rights are in priority may not match the lagged
timing of when water is needed from the wells to irrigate crops. The locations of recharge ponds and

other recharge facilities relative to irrigation wells also may present timing difficulties for augmentation
plans. For example, if recharge structures are located closer to the river than the irrigation wells in an
augmentation plan, the recharge credits reach the river more quickly than the depletions. In these cases it

is difficult to recharge only the amount of water ultimately needed to offset the well depletions. As a result,
many augmentation plans have excess capacity to provide adequate supplies to cover depletions year round.
A good augmentation plan must have a blend of recharge structures close to the river for use following dry
periods and structures further away to provide much longer recharge credits for protection during prolonged
drought periods. Table 1 and 2 below show the changes in pumping and augmentation before and after
strict administration of wells, which began being implemented in 2000 and was completed in 2006.
Augmentation through recharge has greatly increased between these two time periods.

Table 1. Average Surface Diversions, Pumping, Consumptive Use Groundwater Pumping, and Augmentation for
Water Districts 2, 1, and 64, for the period of 2008-2012.

WD 2 wD1 | WD 64 Total
----- Average (2008-2012) in AF/yr ----------
Total Surface Diversion 376,583* 673,869 257,766 1,308,217
Total Pumping 31,195 177,490 110,612 319,298
CU GW Pumping 23,138 134,872 80,781 238,791
Surface Augmentation 18,487 6,067 5.493 30,047
Recharge Augmentation 11,166 131,287 91,819 234,271
Total Augmentation 29,653 137,354 97,312 264,318

*2011 diversion data not included for WD 2 Source: HydroBase Version 20130710.

Table 2. Average Surface Diversions, Pumping, Consumptive Use Groundwater Pumping, and Augmentation for
Water Districts 2, 1, and 64, for the period of 1999-2004.

WD 2 WDl | wD64 | Total
------ Average (1999-2004) in AF/yr  ------—---
Total Surface Diversion 397,916 573,433 209,553 1,180,902
Total Pumping 89,840 277,685 145,095 512,620
CU GW Pumping 62,418 205,907 102,630 370,954
Surface Augmentation 9,105 30,961 25,861 65,927
Recharge Augmentation 3,786 46,432 36,653 86,871
Total Augmentation 12,891 77,393 65,514 152,798

A new water cooperative (commonly called the South Platte Cooperative or the Northeastern Colorado
Water Cooperative) has been proposed to facilitate more efficient use of excess augmentation water in the
lower South Platte basin through quantification and trading. The proposed Cooperative would create a
mechanism for temporarily moving augmentation credits from plans with unused credits to plans that need
additional credits. The Cooperative anticipates being operational in 2014 and aspires to eventually serve as
a water bank for the lower river where any source of tradable water can be deposited and transferred on a
temporary basis.
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Preliminary studies for the cooperative found the following:

» Amounts of unused recharge credit vary annually

* The amount of unused recharge credit appears to be less variable in District 64

» Annual amounts of unused recharge credits in District 64 varied from 5,000 to 10,000 AF

» Annual amounts of unused recharge credits in District 1 varied from 6,000 AF in 2008 up to 50,000 AF

in 2010
* It is expected that during drought unused recharge credits will be greatly reduced if not eliminated
A similar effort or water bank is likely needed for other reaches of the South Platte to help provide

inexpensive augmentation water to well users in wet and average years. In dry years it could also provide
water to municipalities.

GROUNDWATER LEVELS IN THE ALLUVIAL AQUIFER

Prior to irrigation development, the South Platte River was an intermittent stream often dry during
late summer. As irrigation became widespread by the late 1870s, the river became a perennial stream, as
the riverbed lies below what became the new water table. USGS Water Supply Paper 1378 (Bjorklund,
1957) mapped groundwater levels in the basin and reported that alluvium varies in thickness from a foot
at the edge of the valley to 293 feet deep. The water table generally slopes diagonally downstream and
toward the river. Groundwater discharges to the river, making it a gaining stream for most of the year
and for most of the distance downstream of Denver to Julesburg. During low flow periods, virtually all
of the streamflow is groundwater baseflow to the stream. Coarseness and thickness of alluvium and the
underlying bedrock surface and slope affect the water table depth and flow vectors. Lack of uniformity of
bedrock and overlying alluvium are reflected in the variation of water table shape and slope.

The Bittinger Wright 1968 study reported a stable water table over the 35-year period from 1933 to
1968. The water table was generally at its highest in the fall and lowest in the spring. Wright concluded
this pattern indicated that surface water additions from ditches, reservoirs, and irrigated fields during the
irrigation season exceeded the net withdrawal of water from wells at that time. In winter, the river serves as
a drain and lowers the water table built up during the previous crop season.

The water table rises and falls with recharge (from irrigation, canal and reservoir seepage,
precipitation) and discharge (withdrawal by pumping and baseflow). In parts of the basin the water table
is lowered during the pumping season and recovers in the off-season. In areas that are chiefly watered by
canals the water table rises during the irrigation season and declines during the off-season as it drains back
to the river. Periods of above average precipitation may cause local water table rises, while periods of
drought generally cause it to decline. Heavy pumping in Bijou, Beaver, and Kiowa drainages has caused a
long-term trend of declining water levels that appears different than most of the other reaches of the South
Platte and its tributaries.

OBSERVATION WELL DATA

The general plan of work for the HB 1278 study was to use the existing data tools in the South Platte
Decision Support System (SPDSS) developed for CWCB as part of the Colorado DSS (CDSS) but not the
SPDSS groundwater model, which was released during the HB 1278 study. The South Platte Decision
Support System (SPDSS) has been under development over the past decade and provides a wealth of data,
data tools, and data synthesis through the many Technical Memoranda that may be accessed online at http://
cdss.state.co.us/basins/Pages/SouthPlatte.aspx.

The HB 1278 study included two analyses of groundwater level data — one analysis by Colorado State
University (CSU) and an independent analysis by the USGS. CSU’s analysis utilized publicly available
data from six groundwater observation networks. In addition, CSU asked stakeholders in the basin to self-
report on a CSU website and via paper forms handed out at public meetings to indicate where they were
experiencing adverse impacts of high groundwater such as waterlogging and flooded basements. Such
impacts were consistently reported in the vicinity of Greeley and Sterling. Localized high groundwater
levels have been reported in the basin going back to the early1900s and at one time there were a number of
drainage districts in the South Platte to keep fields from waterlogging. Analysis was performed based on
bi-annual (spring and winter) data to determine if systematic trends existed.

High groundwater has been reported for almost a century in areas near the South Platte. The question
CSU sought to answer is whether the trend data indicate a rising water table, and whether this trend could
be connected to current management. The 2012 drought provided a valuable observation year for the HB
1278 study, as many observation wells showed a decline that year and did not continue the rising trend
observed over the past decade. This indicated that unusually large lagged return flows were not in transit
back to the river or to unfortunate homeowners’ basements, at least on a regional scale. On the whole, the
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majority of the observation wells either did not have an adequate data record or there was too much noise in
the data to detect a statistically significant trend. However, a much greater percentage of observation wells
show increased water levels over the recent decade than declining water levels. This is not surprising, as
we know this period started at a drought induced low point in 2002, and recharge increased at the same
time there was an increased reliance on surface water due to well curtailment. Indeed, it would be a
surprise if groundwater levels did not react to these changes.

USGS conducted an independent analysis of groundwater level data for the HB 1278 study for the
years 1953 through 2012. Water levels were evaluated at point locations (at each well) and over aggregate
areas defined by subwatershed boundaries in the study area. Temporal and spatial relations of high
groundwater levels were examined using ArcGIS and algorithms developed specifically for this study.
Based on results of the analyses, a groundwater monitoring plan was proposed for the basin that accounts
for statistical relations and could be used to test potential conditions that cause high groundwater levels in
the future. In general, the USGS analysis corroborated the CSU findings of widespread rising groundwater
levels. They found that groundwater levels in wells having significant trends appear to have been mostly
in a state of decline for five decades from 1953-2002. Since 2002 there has been a reversal in groundwater
levels — about 89% of wells indicate rising groundwater levels, and the remaining 11% show a decline.

Figure 7: South Platte River Basin Groundwater Level Trends 2000-2012

For Groundwater Wells With Complete Records for the Period
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Surface Water Diversions and Administration

There are 56 major surface water diversion canals along the mainstem of the South Platte in Water
Districts 2, 1, and 64. The largest change that can be observed in surface water diversions is the post-
1969 diversions in the November to March period, when canals are taking water for reservoir filling and
augmentation purposes. CSU analyzed mean annual diversion records, irrigation season and reservoir
season diversion records for the periods of 1950-1968, 1969-1999, 2000-2012, as well as 1950-2012 and
1969-2012 to detect the presence or absence of trends, either positive or negative, and used the Mann-
Kendall test to determine if the trends are significant (Kendall 1975; Mann 1945).

About a third of surface water diversions show some increase in mean annual diversion amounts
between the 1969-1999 period and the 2000-2012 period (Table 3, next page). In Water Districts 1 and 64
these increases can mostly be attributed to increased reservoir fill season (Nov—March) diversions for the
purpose of augmentation accretions.
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Table 3. Average Total Annual Diversions for 56 Major Ditches in Water Districts 2, 1, and 64.

Period Irrigation Season Off-Season Irrigation Year
(Apr-Oct) (Nov-Mar) (Nov-Oct)
AFAr
1969-1999 818,151 151,479 969.630
2000-2012 901,600 343912 1,245,512

Data Source: CO DWR HydroBase Version 20130710.

A point flow analysis tool quantified the historical monthly, seasonal, annual, and decadal stream reach
gains and losses between mainstem streamflow gages located in Water District 1 and 64. Stream gains are
highest in the South Platte during the irrigation season and the lowest in November and December, ranging

from approximately 3-9 cfs per stream mile. Reuse of return flows and accretions increases downstream,

with the surface diversions in the lower reach being nearly equal to available stream gains. A rising trend in
stream gain can be observed in recent years (Figure 8).
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Figure 8: Annual River Gain 1987-2012
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RECOMMENDATIONS
IMPROVING WATER MANAGEMENT AND UTILIZATION IN THE SOUTH PLATTE

While variations in the South Platte basin’s data record introduce some uncertainty in exact amounts of
pumping or other parameters, various trends are apparent that allow us to make a number of observations,
which taken together reveal certain generalizable findings that warrant further consideration and action.
Specifically, the observation well record shows a large percentage of wells with rising water levels in the
past decade, particularly near Greeley along the mainstem, and in Morgan, Logan, and Sedgwick Counties.
As a likely response to curtailment of pumping after 2002 and increased recharge, groundwater levels have
increased over the last decade (2003-2012).

CSU evaluation of the data leads to the conclusion that the current administration of groundwater
in the basin works reasonably well for lower basin water users, and that senior surface water users are
for the most part protected from injury due to well pumping by current administration. However, not all
water users agree with this finding. Groundwater users in Water District 2 and parts of District 1 have
been adversely impacted by the shortage of affordable augmentation supplies to offset pumped depletions.
Presently, high groundwater conditions impacting landowners appear to be localized and thus, local
solutions are recommended. In the consideration of any changes to the system, it should be acknowledged
that senior water rights must be protected in any adjustments to the system and that wells cannot be relieved
from the obligation to replace out-of-priority depletions that cause material injury to senior water rights.
Mitigating High Groundwater

Several areas on the South Platte mainstem, most notably Sterling and the Gilcrest/LaSalle regions, are
experiencing high groundwater conditions that should be mitigated to prevent further damage to property
and loss of water through non-beneficial consumptive use. There are over 500 recharge projects now in
place in the South Platte basin. According to Division 1 staff, as many as 800 total recharge structures are
planned in existing augmentation plans. Future groundwater recharge projects should be designed, located,
constructed, and managed so as to avoid creating groundwater mounds that cause harm to third parties.
When the State Engineer and the Water Court currently evaluate a recharge project, they are primarily
determining whether it will offset out-of-priority depletions, with no explicit responsibility to determine
if recharge is at risk of causing property damage to others in the flow path of recharged groundwater.
Recharge structures should only be placed near urbanizing areas after an analysis of potential impact to
down gradient properties. In some cases, more complete geotechnical analysis is warranted to identify
aquitards, perched water tables, confining layers or clay lenses, and consideration of flow paths that may
affect return time to the river. A spacing interval between recharge structures may need to be established
to avoid cumulative impacts. The State Engineer’s Office (SEO) should be authorized to work with local
parties to establish remedies that allow augmentation plans to continue operating without causing impact
from high groundwater levels.

Pilot approaches may include permitted pumping or decreased recharge as determined to be locally
appropriate to test alternative management strategies. Groundwater levels and surface diversions in the
pilot areas must be accurately monitored in real time to determine impacts from the pilot management
approach, and a plan to augment any injurious depletions must be established. Calibrated numerical
groundwater models should be developed and tested against analytical methods in the pilot project
areas. SEO should be authorized to work with recharge site operators in pilot project areas with
mounded groundwater to replace injurious groundwater depletions in ways that will achieve the goals
of augmentation plans without further raising water levels. Additionally, a stakeholder group should be
authorized to develop local input to the SEO for alternative management in the pilot project areas. The
pilot projects should sunset after a three to five year period, and an analysis of what was learned should be
provided to the Legislature.

Increased Administrative Flexibility

Developments in Water Court and administrative practice have diminished the Division Engineer’s
ability to play a management role in the distribution of water supplies. The mass movement of irrigation
wells into augmentation plans is widely considered to be nearly completed. The decrees are considered
final and to the extent that any room exists for adjustment in augmentation requirements, it has to do with
the administrative call. Augmentation plans respond to the administrative call, and this is the one adaptable
part of the decrees. Reducing the number of days of administrative call on the river system will allow for
additional groundwater use and allow more days of free river, whereby well users can acquire recharge
supplies. However, downstream senior rights cannot be shorted and must have guarantees that they will not
be harmed if they operate without placing a priority call.

Datasets related to both surface and groundwater should be used by the Division Engineer to guide
the development of an annual management plan, which can be adjusted throughout the season in response
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to changing conditions. For areas in the basin experiencing damaging high groundwater conditions, there
is the potential for rules to establish standards to determine when portions of the alluvial aquifer are “full”
and additional augmentation or curtailment is wasteful. In these regions, it is likely that the aquifer’s
accretive contributions to the river have reached maximum potential, and additional replacement or
curtailment merely contributes to evaporation or evapotranspiration losses without any increase in water
supply for senior rights. At such times, the Division Engineer could set the administrative call affecting
the augmentation plan so that additional replacement is not required and/or authorize pumping to mitigate
damaging conditions and return the aquifer to optimal accretive levels.

Basin Wide Management: Conjunctive Use

Achieving optimum conjunctive use of surface and groundwater in the South Platte that is sustainable
over the long term is best accomplished through implementation of a basin-wide approach that would have
the goal of fuller utilization of the river and the alluvial aquifer for all water users’ benefit. Better data and
science will only improve water management if we are better organized to use the science. Presently, no
one organization in the basin has oversight of the whole system for the benefit of all. Admittedly, there are
many political, jurisdictional, and funding impediments to implementing basin-wide management in the
South Platte. However, the basin faces a critical water supply gap in the future. Meeting that gap requires
optimizing the use of the resource. Water lost downstream in the recent flood of 2013 and the inability to
more effectively use the aquifer during the 2012 drought demonstrates that the basin is not positioned well
to deal with extreme hydrologic events or future shortages.

A new entity, such as a South Platte Water Conservation District, with a mandate to work with water
users across the entire basin could work towards augmenting water supplies and facilitating more flexible
management in the basin. The basin-wide entity could capture and store groundwater and put it in the river
in times of drought and replenish it in times of plenty.

Water users would run the organization and tasks could include:
* Build and operate new storage projects, including underground storage
* Serve as the water banker and develop a fully operating spot market for the basin
* Develop more augmentation water supplies
* Create a basin-wide augmentation bank
* Provide ongoing data collection, analysis, and display
* Provide SPDSS oversight
* Develop an annual river forecast and operating plan that determines sustainable yield
* Develop annual plans for distribution of sustainable yield by priority, using surface and groundwater
withdrawals
» Work with the SEO to keep the call period minimized through cooperation and communication
* Find and protect environmental flows
* Implement phreatophyte management
* Provide coordination and communication among water users
Better Monitoring and Models

In an age when water is becoming increasingly scarce and supplies uncertain, robust data networks
and decision support tools are critically needed for day-to-day operations and to build a long-term data
archive to serve the needs of the people of the State of Colorado. The HB 1278 study has revealed that
our groundwater monitoring data collection network is irregular and incomplete but could rather easily be
substantially upgraded. Better management decisions require higher quality and more easily accessible
data. We need to install, instrument, and maintain a groundwater level monitoring network that can be
used for real time management decisions. Additionally, water management organizations in the basin
should share data and collaborate on data collection. The USGS has developed a statistically robust
groundwater monitoring network as part of the HB 1278 study, based on existing monitoring wells, that
can greatly improve our ability to track and manage groundwater for very low initial cost. The complete
network includes wells managed by federal, state, and local agencies — demonstrating the need to gather
community resources collaboratively in a unifying manner to establish an optimal network for the region.

We also need a basin-wide model and a common technical platform that all water users in the basin
agree to employ. The South Platte Decision Support System (SPDSS) is the best mechanism to provide
this platform over time. However, the Colorado Water Conservation Board needs to work with basin water
interests to develop stakeholder ownership of the SPDSS to ensure it continues to improve and meet the
needs of basin water users. A more robust and adequately funded network of weather stations with high
spatial representation across the state should be considered to ensure Colorado meets the data needs of
stakeholders across the state. Improving the monitoring network is in the interest of all water users and
could be coordinated under the basin-wide entity.
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CONCLUSION
South Platte The South Platte basin faces significant water shortages that will impact Colorado’s economic,
agricultural, and environmental future. The planned conjunctive use of surface and groundwater has the
Wells potential to offer benefits in terms of economic, environmental, and social outcomes through increased
drought protection, water use efficiency, and the control of shallow groundwater levels and consequent
Balancing soil salinity. Retrofitting conjunctive use into a prior appropriation system that favors surface water use is
Recharge made difficult by the many layers of management and local interests that have evolved over time. To avoid
& over-appropriation of the groundwater resource, the sustainable use of the South Platte alluvial aquifer
Pumping requires us to find the right balance between long-term recharge and diversion by pumping. The economic

and population growth expected in the South Platte basin over the next several decades and t