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MDL Approvals North Fork Cache La Poudre River below HalFigan Reservoir (sediment)



De Mr. Holm:
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We have completed our review of the total *um daily load (TMDL) as submitted by your office for the North Fork Cache La Poudre River. The TMDL is included in the document entitled " North Fork Cache La P o d e River, S e p r 7 Larimer Counrp, Colorado" (Colorado Department of Public Health and Environment, June 3,2002). This document was submitted to us for review and approval in correspandence dated J e 24,2002 md signed by you. In accordance with the Clean Water Act (3 3 U.S.C. 125 et. seq.), we approve all aspects of the TMDL as developed for the water quality limited wa*body as described in Section 303(d)(l). Enclosure 1 to this letter provides a summary of the emens of the TMDL and Enclosure 2 provides details of our review of the TMDL.
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Based on our review, we feel the separate T M ~ L elements listed in Enclosure 2 adequately address the po1lutant;s of concern, taking consideration seasonal variation and a margin of safety. in approving this TMDL, EPA &that the TMDL has been established at a level necessary to attain and maintain the water quality standards and has the necessary components of an approvable TMDL.
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Thank you for your submittal. If you have anh questions concerning this approval, feel fiee to contact Bruce Zander of my staE at 30313 12-6B46.
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Sincerely,



*Ju1



- Max H.bodson
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TOTAL MAXIMUM DAILY LOAD ASSESSMENT



Sediment North Fork Cache La Poudre River, Segment 7 Larimer County, Colorado



TMDL SUMMARY Mainstem of the North Fork of the Cache La Poudre River from the inlet of Halligan Reservoir to the confluence with the Cache La Poudre River. COSPCP07



Waterbody Name/Segment Number Pollutant/Condition Addressed



Sediment/Aquatic Life



Use Classification/Waterbody Designation



From outlet of Halligan Reservoir to a point 3.2 miles (5.2 km) downstream Aquatic Life Cold 2, Recreation 1a, Water Supply, Agriculture



Waterbody Designation



Use Protected



Affected Portion of Segment



Maintain aquatic community at the following levels: -minimum trout biomass of 100 lb/acre -minimum of three year classes of trout in any five year period. -total macroinvertebrate taxa of 44-52 below Halligan dam and 43-60 in Phantom Canyon -EPT abundance of 11-18 taxa below Halligan dam and 1925 taxa in Phantom Canyon. Manage sediment flushing and release flows from Halligan Reservoir so as to attain narrative sediment standard and fully support designated aquatic life uses: Quantified by monthly average sediment transport goals (metric tons/day)



Water Quality Target



TMDL Goal



I.



EXECUTIVE SUMMARY



The North Fork of the Cache La Poudre River below Halligan Reservoir flows through Phantom Canyon in Larimer County, Colorado. The portion of the river from the reservoir outlet to 3.2 mi. (5.2 km) below the reservoir was included on the 1998 Colorado 303(d) list. Sediment deposition had resulted in severe impacts to aquatic life. A large release of sediment from Halligan Reservoir in 1996 was the only significant source of sediment loading to the stream. Other potential sources, such as grazing, deposition from the naturally disturbed canyon walls during storm events, and the natural activities of small mammals have been judged to be very minor and to 1
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have no impact on aquatic life in the river. The release of sediment from the reservoir resulted in a total decimation of aquatic life (fish and benthic macroinvertebrate populations) in the river to 3.2 mi. (5.2 km) below the dam. A study conducted by Colorado State University (CSU) in September 1997 indicated that much of the sediment deposited by the 1996 release had been flushed from this reach of the river by one year after the sediment release. Surveys of the pools in the impacted reach in October 2001 indicated that they had regained most of their prerelease volume. Surveys of the trout population in 1999 indicated a recovery to levels close to pre-release populations. The population balance had changed significantly, with relatively fewer rainbow trout and more brown trout. Macroinvertebrate studies conducted from 1996 through 1999 indicated a rapid recolonization in the benthic communities once the sediment was flushed from the reach of the river under study. The flushing of the sediment was instrumental in the recovery of the aquatic community. The studies concluded that flow magnitude, duration and sequencing are all important factors in the transport of sediment through this reach of the North Fork Cache La Poudre river. The TMDL addresses the management of sediment releases and discharge flows during the releases from Halligan Reservoir. North Poudre Irrigation Company (NPIC) will allow lesser amounts of sediment to be released more frequently and manage the flow regime to maximize sediment movement through Phantom Canyon. Continued monitoring of the fish and macroinvertebrate populations, as well as sediment deposition, will insure that these measures maintain the aquatic life uses of the river.



II.



INTRODUCTION



Section 303(d) of the federal Clean Water Act requires states to identify water bodies or stream segments which are water quality limited. Those water quality limited segments currently identified in Colorado are included in the 1998 303(d) list. Water quality limited segments are those water bodies or stream segments which, for one or more assigned use classifications or standards, the classification or standard is not fully achieved. Once listed, the State is required to quantify the amount of a specific pollutant that a listed water body can assimilate without exceeding applicable water quality standards and to apportion that allowable quantity among the different pollutant sources. This maximum allowable pollutant quantity is referred to as the Total Maximum Daily Load (TMDL). The TMDL is comprised of the Load Allocation (LA), which is that portion of the pollutant load attributed to natural background or the nonpoint sources, the Waste Load Allocation (WLA) which is that portion of the pollutant load associated with point source discharges, and a Margin of Safety (MOS). The TMDL may also include an allocation reserved to accommodate future growth. The TMDL may be expressed as the sum of the LA, WLA and MOS. The North Fork of the Cache La Poudre River for 3.2 mi. (5.2 km) below Halligan Reservoir has at times not supported its present designated aquatic life use (cold, class 2) due to excessive 2
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sediment deposition. It was therefore included on Colorado’s 1998 303(d) list. This section of the North Fork of the Cache La Poudre was “targeted”, or designated as a medium priority waterbody for purposes of TMDL completion. Site Description: The North Fork Poudre River drains ~567 mi.2 (1470 km2) of northcentral Colorado. Most of the drainage basin is underlain by Precambrian Silver Plume Granite [Tweto, 1979]. The portion of the river downstream from Halligan Reservoir flows through a bedrock canyon incised into the granite, and bedrock is exposed along substantial portions of the channel bed and walls. Although flow in the study area is controlled by releases from Halligan Reservoir, the hydrograph follows a snowmelt pattern, with peak flows in late May to early June and very low base flows during late autumn and winter. The channel (of the river) in the study area has a well-developed pool-riffle sequence. Pools average 170 ft (52m) long and 62.3 ft (19m) wide and may be up to 11.5 ft (3.5m) deep. Pools are always associated with a vertical bedrock wall along at least one side of the channel and a lateral constriction produced by this bedrock wall. Pools are consistently spaced at ~12 times the mean channel width. Gradient averages 0.011 mm-1 throughout the study area and may locally reach 0.02 mm-1 in the riffles. Prior to the reservoir sediment release, the channel bed was covered with a thin veneer of coarse sand to pebbles in the pools. Riffles and runs have a rounded to subrounded substrate of cobbles and boulders with mean diameters ranging from 3.9 in (100 mm) to 10.7 in (300 mm). (from Wohl and Cenderelli, 2000)



Figure 1 shows a map of the affected stretch of the North Poudre and study reaches. Halligan Reservoir dam is owned and operated by NPIC. Fort Collins and other municipal users own 58% of the water rights in the company. The majority of the rest of the water rights are owned by agricultural users. The Nature Conservancy (TNC) and NPIC have an agreement which provides that a minimum flow of 2.5 cfs will be maintained during the winter months in the North Fork of the Poudre below Halligan Reservoir. The City of Fort Collins has a renewable option to enlarge the reservoir to provide for future domestic needs. Halligan Reservoir dam operations are described as follows: During normal reservoir operations, minimal sediment is released from Halligan Reservoir. The dam, which was built in 1910, has a maximum 3 storage capacity of 6500 ac ft (8 million m ). The level of the reservoir is usually lowered during autumn to supplement late season irrigation. By October, flow is reduced to 2.5 cfs (0.07m3s-1), allowing the reservoir to refill during the winter and spring. The dam has a single outlet valve at its base 3
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that can release up to 139 cfs (3.93m3s-1). When the reservoir exceeds the crest height of the dam each snowmelt season, water also spills over the dam. An average annual hydrograph in the study reach below the dam has ~3.5cfs (0.1m3s-1) discharge during October to January, with flows increasing from 35 to 106cfs (1 to 3m3s-1) during February to April, peaking between 141 and 526cfs (4 and 15m3s-1) during May to July, and then declining again to 71106cfs (2-3m3s-1) in August and September. (from Wohl and Cenderelli, 2000)



Figure 1 Halligan Reservoir and the No. Fork Cache la Poudre River area.



There are no permanently flowing tributaries to the North Fork Cache La Poudre on this reach of 4
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the river.



III.



WATER QUALITY



The applicable water quality standards for the segment of the North Fork of the Cache La Poudre River addressed by this TMDL are those assigned to segment 07 of the Cache La Poudre River Sub-Basin of the South Platte River Basin. Segment 07 is described as the mainstem of the North Fork of the Cache La Poudre River from the inlet of Halligan reservoir to the confluence with the Cache La Poudre River. This segment is designated for the following uses: water supply, agriculture, recreation (1a), and aquatic life (cold 2). The full set of numeric standards has been adopted for this segment. Segment 07 of the Cache La Poudre River Sub-Basin of the South Platte River Basin is designated as use protected in the Classifications and Numeric Standards for the South Platte River Basin, Regulation 34 (5 CCR 1002-34). As such, this segment of the North Fork of the Cache La Poudre River is not subject to the antidegradation review requirements established in The Basic Standards and Methodologies for Surface Water, Regulation 31 (5 CCR 1002-31). The portion of the North Fork of the Cache La Poudre River 3.2 mi. (5.2 km) below the outlet of Halligan Reservoir did not support the aquatic life designation after September 1996 due to accumulation of excessive amounts of sediment released from Halligan Reservoir. Colorado water quality standards do not include numeric criteria for parameters related to sediment accumulation. Instead the Colorado Basic Standards and Methodologies for Surface Waters (5 CCR 1002-31) includes a narrative standard which specifies that: Except where authorized by permits, BMPs, 401 certifications, or plans of operation approved by the division or other applicable agencies, state surface waters shall be free from substances attributable to human-caused point source or nonpoint source discharges in amounts, concentrations or combinations which...can settle to form bottom deposits detrimental to beneficial uses.(5 CCR 1002-31)



Waters which are identified on the Colorado 303(d) list of impaired waters as impaired due to sediment are therefore identified as not attaining the assigned aquatic life classification due to the impacts of sediment deposition on fish and invertebrate reproduction and habitat. None of the aquatic species identified within the watershed are listed threatened or endangered species. Surveys conducted in the fall of 1997 showed that the aquatic communities had started to recover and by 1999 the trout and invertebrate populations had returned to prerelease levels. A study conducted in the fall of 2001 showed pool volumes to have recovered to greater than 80% of their pre-release levels and the median grain size in the riffles to be 12 cm.
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Water Quality Standards



The following analysis of ambient water quality is based on samples from USGS station 6751490 on the North Fork of the Cache La Poudre at Livermore near State Highway 200 (Period of Reporting 1/1995-9/1999) and WQCD station 5366, North Fork of the Cache La Poudre River at Rd 74E near Livermore (on April 18, 2000). Table 1 summarizes the results of these analyses in comparison to the stream standards for this segment. The WQCD evaluates ambient water quality based on a variety of statistical methods. Dissolved metals data is evaluated by calculating the 85th percentile and comparing it to the applicable standard. Total recoverable data is evaluated at the 50th percentile. Dissolved oxygen is evaluated at the 15th percentile. Fecal coliforms are evaluated by the geometric mean. Water quality standards are in attainment when the statistically analyzed value is below or within the numeric standard, except for dissolved oxygen, which is in attainment when above the standard. The ambient water quality meets all stream standards evaluated.



Parameter pH – s.u. DO – mg/l FC - #/100ml Cd – ug/l Cu – ug/l Ag – ug/l Pb – ug/l Mn – ug/l Se – ug/l Zn – ug/l NO3 – ug/l



B.



Table 1 COSPCP07 Data vs. Stream Standard Count Measured Value 46 8.2-8.7 17 9.0 1 43 48 0 48 0 48 0 48 0 48 17.5 1 0 48 4.0 26 0.1



Standard 6.5-9.0 7.0 200 2.6 10.7 0.11 3.2 1768 4.6 141 10



Sediment



Prior to September 1996, the stream was characterized by deep pools (up to 11ft, 3.5m) with a channel bed covered with a thin veneer of coarse sand to pebbles. Riffles had a rounded to subrounded substrate of cobbles and boulders with mean diameters ranging from 0.4 in. to 1.23 in. (100 to 300mm), (Wohl, 2000). In September 1996, approximately 9150 yd 3 (7000m3) of sediment was released from Halligan Reservoir with the discharge flow being reduced to 5 cfs (0.14m3s-1) immediately after the release. The majority of the released sediment was fine grained. The release resulted in deposits of clay, silt, and fine sand from the reservoir dam to about 6.6 mi. (10.6 km) down the canyon. Deposits of coarse sand and gravel occurred in the pools immediately below the dam (Wohl memo, 1996). 6
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Suspended sediment and bedload deposits were monitored at four pool and two riffle locations from 0.3 to 3 mi. (0.5 to 5km) downstream of the dam at various times between February and September, 1997. During this time, there was a release of water from Halligan Reservoir prior to the snowmelt discharge in an effort to flush some of the sediment from the pools and riffles. This release occurred between February 22 and March 19. Flows ranged between 22 and 122 cfs (0.6 and 3.4 m3s-1.). The snowmelt period was from April 19 to July 20, with flows ranging from 332 and 450 cfs (9.4 to12.7m3s-1), (Wohl, 2000). Surveys in September 1997 indicated that pool volumes had returned to 80-90% of their pre-release values. Reservoir sediments remained along the pool margins and as thin veneer at the downstream ends of the pools. The deposits along the pool margins were partially stabilized by vegetation that had become established. Surveys showed that the interstices of subsurface gravels had been flushed of silt and clays in the pools up to 2 mi. (3.2km) below the dam by September 1997. The surveys also indicated that most of the sand and pebbles had been flushed from the riffles by September 1997, although there were some linear ribbons the lee side of protruding boulders and eddy bars along channel margins (Wohl, 2000). Wohl and Cenderelli estimated that one year after the release, 70-80% of the total sediment volume had been flushed from this reach of the North Fork Cache La Poudre. They concluded that the magnitude, sequence, and duration of the discharge flow from Halligan Reservoir during 1997 were all important in the transport of the sediment. A study conducted in the fall of 2001 found that the pools had regained more than 80% of their prerelease volume and that the median grain size in the riffles was 12cm.



C.



Designated Use Support



Fishery: Studies conducted by The Colorado Division of Wildlife (CDOW), (1984) and K.D. Fausch, CSU (1983) found populations of brown and rainbow trout, white and longnose sucker, fathead minnows, longnose dace, and Iowa darters in the North Fork Cache La Poudre below Halligan Reservoir. The trout population in Phantom Canyon above the TNC visitors center was estimated at 1529 trout/mi. with a biomass of 138 lb/ac. Below the TNC visitors center the population estimate was 741 trout/mi. with a biomass of 88 lbs/ac.(CDOW, 1984; K.D. Fausch, 1983). After the sediment release in 1996, no trout were found for a distance of 3.2 mi. (5.2km) below the reservoir dam. CDOW estimated that 4250 trout were killed during this event. The number of other fish species killed was not estimated. Longnosed suckers were found 2.0 miles (3.2km) downstream of Halligan Reservoir (K.J. Kehmeier, Memo) The fish populations were surveyed again in November 1999 by CDOW (see Figures 2 and 3). The survey estimated the trout population above TNC visitors center to be 840 fish/mi. and below the TNC visitors center to be 830 fish/mi. There was a significant increase in the percentage of the populations that were brown trout as compared to the pre-release data. CDOW personnel indicated that the rainbow trout were slower to recover than the browns because the North Fork Cache La Poudre through Phantom Canyon does not contain prime habitat for rainbows. The 7
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CDOW survey did indicate that the fishery substrate had recovered well and that both types of trout were recruiting (reproducing) on the section of river studied.



Figure 3: Trout Biomass Below Halligan (lb/acre)



Figure 2: Number of Fish Below Halligan (fish/mile) 250
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Macroinvertebrates: A study conducted in 1991 indicated that the macroinvertebrate species richness and abundance were relatively high in this section of the North Fork and that mayflies (a group that is very sensitive to sedimentation) comprised approximately 75% of the population (Kondratieff, 1991). After the release, there was a complete elimination of the benthic macroinvertebrate community directly below the dam and a substantial reduction in the rest of Phantom Canyon (Kondratieff memo, 1996). A survey of aquatic invertebrates conducted in October 1996 found a substantial reduction in caddisflies and a virtual elimination of mayflies from this stretch of the river. The remaining macroinvertebrate population was dominated by diptereans (CDOW survey; Kondratieff memo). Subsequent surveys of macroinvertebrates from October 1996 through 1999 found rapid recolonization of the benthic communities after the sediment was flushed from this section of the North Fork Cache La Poudre River. Table 2 shows the number of total taxa and the number of EPT taxa (Macroinvertebrates belonging to the Orders Ephemeroptera, Plecoptera and Trichoptera which are generally considered to be relatively intolerant of high sediment loading) found during the 1996-1997 studies and during 1999-2000 at two sampling sites. Site I is located 0.06mi. 8
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(0.1km) below the dam and site II is 2 mi. (3.2km) below the dam. There was a significant change in the community function at the study site 2 mi. (3.2km) below the dam from 1991 to 1997. This population changed from a scraper dominated community to a collector/gatherer dominated community. Data collected in 1999-2000 indicated that a scraper community had become reestablished. The most recent data also indicated a recovery in species richness and abundance, although not all species present are the same as those found in 1991. Table 2 MACROINVERTEBRATE COMMUNITY BELOW HALLIGAN Total Taxa EPT Taxa Date Site I Site II Site I Site II Oct 12-96 5 25 1 7 Oct 28-96 7 33 1 14 Nov 8-96 7 28 2 13 Nov 20-96 9 31 2 10 Dec 13-96 8 19 1 7 Feb 17-97 4 22 0 9 Mar 7-97 6 12 1 4 Mar 28-97 6 27 1 7 May 2-97 9 25 2 7 Jun 28-97 25 38 11 19 Jul 9-97 19 37 9 18 Jul 26-97 26 40 10 19 Aug 9-97 23 36 11 16 Aug 30-97 30 36 12 17 Sept 26-97 33 55 15 25 Feb 20-99 47 43 18 19 Sept 18-99 43 59 16 23 Feb 27-00 47 50 17 21 Sept 3-00 52 57 11 24



IV.



WATER QUANTITY



Halligan Reservoir has a capacity of 8 million m3 (6500 acre feet). The dam has twin outlet pipes at its base that can release up to 258 cfs (7.3m3s-1). During snowmelt runoff, water is stored until it spills over the spillway at the top of the dam. During normal operations, the reservoir is lowered in autumn to supplement late season irrigation, fill downstream reservoirs and provide capacity to rebuild storage during snowmelt in winter and spring. Although flows in the North Fork Cache La Poudre below the dam are controlled by releases from the reservoir, the hydrograph follows a snowmelt pattern, with peak flows between May and July and very low base 9
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flows in late autumn and winter. “An average annual hydrograph in the study reach below the dam has ~3.5 cfs (0.1m3s-1) discharge during October to January, with flows increasing from 35 to 106 cfs (1 to 3m3s-1) during February to April, peaking between 141 and 526 cfs (4 and 15m3s-1) during May to July, and then declining again to 71-106 cfs (2-3m3s-1) in August and September.” (Wohl, 2000) NPIC manages the discharge from the dam to provide a minimum flow in the North Poudre of 2.5cfs (.07 m3s-1) from October to March. In mid March flows are increased to move water to downstream reservoirs and minimize spillage over the Halligan dam. The dam usually starts spilling sometime in May. From May to September, water from the dam is being delivered to the irrigation company’s shareholders. In the late fall water may again be moved to downstream reservoirs to provide spring storage capacity. This is when the reservoir would typically be drawn down to the level necessary for gate maintenance and safety inspections. In March of 1998, the United States Geologic Survey installed a gage (#06751150) 500 ft downstream from Halligan Dam. Figure 4 shows the average daily stream flows at this gage in cfs from the period of March 14, 1998 to May 31, 2001, while Table 3 summarizes the average monthly flows in cfs for this same period. Figure 4: North Poudre Flow Below Halligan Reservoir -cfs



10



5/14/2001



3/14/2001



1/14/2001



11/14/2000



9/14/2000



7/14/2000



5/14/2000



3/14/2000



1/14/2000



11/14/1999



9/14/1999



7/14/1999



5/14/1999



3/14/1999



1/14/1999



11/14/1998



9/14/1998



7/14/1998



5/14/1998



3/14/1998



700 600 500 400 300 200 100 0



TMDL - Sediment No. Fork Cache La Poudre



January February March April May June July August September October November December



V.



March 15, 2002



Table 3 Monthly average flows below Halligan Dam (cfs) 1998 1999 2001 2001 -31.9 37.2 41.0 -46.3 37.1 40.6 260.2 10.2 36.0 66.6 131.0 80.7 80.8 57.1 260.0 526.6 143.3 165.5 190.1 368.7 101.1 -106.0 129.1 57.7 -108.4 119.8 41.9 -83.6 104.7 23.2 -3.7 22.1 4.1 -4.0 5.7 3.2 -17.7 10.2 3.3 --



Average 36.7 41.3 93.3 87.4 273.9 220.0 97.6 90.0 70.5 10.0 4.3 10.4



PROBLEM IDENTIFICATION



In late September 1996, Halligan Reservoir was drained to an unusually low level so that the dam outlet structure could be inspected and a dam safety inspection conducted. This resulted in the release of an unusually large amount of sediment. The flow from the reservoir was then immediately reduced to 5 cfs (0.14m3s-1). It was estimated that 9150 yd 3 7000m3s of sediment accumulated in approximately 6 mi. (9.7 km) of channel downstream from the reservoir (Wohl, 2000; Kondratrieff, 2001). Historically, there have been periodic releases of sediment from Halligan Reservoir. At times, the reservoir has been drawn down on an annual basis. More recently, it has been drawn down approximately every five years. After the NPIC leased the surface rights to the homeowners association, the dam was managed to maintain a higher water level in the reservoir for the recreational use. Prior to 1996, it had been 10 to 15 years since the last significant draw down. The 1996 release was the first that was identified as having a significant impact on the aquatic community below the reservoir. After the September 1996 release, pools immediately downstream from the dam were completely filled with up to 10 ft (3m) of sediment. Although the prerelease channel morphology had not been accurately surveyed, it was estimated that pools 2 mi. (3.2 km) downstream had lost 50% of their volume due to sedimentation and a pool 3 mi. (4.9 km) downstream had lost 30% of its volume (Wohl, 2000). Most of the initial deposition occurred in the pools, although the substrate throughout the canyon was embedded (CDOW survey). Riffle/ run deposition was minimal with deposition occurring along the channel margins (Wohl memo, 1996). Fine sediment was present in the interstices of the channel bed at the exit slopes of the pools (Wohl, 2000). Aquatic plants growing in the riffles were still present and unburied after the sediment release. The majority of the released sediment was fine grained. The release resulted in deposits of clay, silt, and fine sand 11
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from the reservoir dam to about 6.6 mi. (9.7 km) down the canyon. Deposits of coarse sand gravel occurred in the pools immediately below the dam (Wohl memo, 1996). The sediment deposition resulted in an almost complete decimation of the fish population and severe impairment of the macroinvertebrate community in the reach 3.2 mi. (5.2 km) below Halligan Reservoir. It was estimated that 4250 trout (brown and rainbow) were killed along with an unquantified number of longnose and white suckers (CDOW survey 1994; D. Fusch, CSU, 1994). “In addition to the initial fish kill, fine sediment posed continuing problems be reducing pool volume and overwinter habitat for fish and by clogging the poses between spawning gravels at sites within the original cobble-boulder channel bed.” (Wohl, 2000) There was also a complete elimination of the benthic macroinvertebrate community directly below the dam and a substantial reduction in the rest of Phantom Canyon (Kondrattrioff memo, 1996). A study conducted in 1991 indicated that the species richness and abundance were relatively high in this section of the North Fork and that mayflies comprised approximately 75% of the population (Kondratieff, 1991). After the release, a survey of aquatic invertebrates found the EPT species significantly reduced or absent and the population dominated by diptereans (CDOW survey, 1996). VI.



WATER QUALITY GOALS



The composition of stream substrate is a function of sediment load and size, stream slope, and stream velocity/flow. The substrate of mountain streams tends to be characterized by gravel to boulder sized rubble; smaller particles are washed downstream by the fast moving current. Plains streams, because of their shallow gradient and resultant lesser velocities, tend toward fine grained, sand and silt substrates. Within any flowing waterbody, stream velocities vary in accord with the slope and geomorphology of the stream. Even in relatively steep mountain streams, flows in eddies and pools may be quite slow. Consequently, the stream bottom in these areas may be predominantly fine-grained particles. Excessive sediment loading to the stream will result in sand and silt substrates predominating even in rapidly flowing stretches. The instream biological community is shaped by various environmental factors influencing water quality and instream habitat. Composition of the stream substrate is an important determinant of biotic community structure and abundance. Cobble, gravel and stone substrates provide habitat for a diverse assemblage of benthic macroinvertebrates as well as eggs and early life stages of numerous fish species. The macroinvertebrate population represents a substantial portion of the diet available to various game and non-game fish species. Infilling of these interstitial spaces with fine particulates eliminates habitat for many invertebrate taxa, resulting in a benthic community dominated by those relatively few macroinvertebrate taxa adapted for such conditions. Fish eggs are buried and smothered. Shelter for early life stages of piscine species is likewise eliminated. Benthic macroinvertebrates are important elements of water quality evaluations because they 1) live on, or near streambed sediments, 2) have relatively long life cycles, and 3) are relatively sessile organisms. These characteristics result in a macroinvertebrate community which reflects the natural and anthropogenic factors affecting instream water quality and habitat. Benthic 12
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macroinvertebrates are therefore well suited for use in assessing site-specific water quality and comparing spacial patterns of water quality at multiple sites. The distribution of benthic macroinvertebrates in a stream reflects natural and anthropogenic conditions. Macroinvertebrate community structure can therefore be utilized as an indicator and delineator of water quality degradation as well as providing measurable targets for evaluation of watershed restoration activities. Specific taxonomic groups of macroinvertebrates exhibit a relatively greater degree of sensitivity to pollution than others. Macroinvertebrates belonging to the Orders Ephemeroptera, Plecoptera and Trichoptera are generally considered to be relatively intolerant of high sediment loading. Diversity of the macroinvertebrate community, referred to as richness, may be characterized at several taxonomic levels. Taxonomic richness generally decreases with decreasing water quality. Indices of Ephemeropteran/Plecopteran/Trichopteran (EPT) richness, the total number of taxa present and the Shannon-Weaver diversity are useful indicators of water quality based upon community diversity. The abundance of macroinvertebrates per unit area is an indicator of habitat availability (density) and food abundance. However, chironomid abundance in a degraded system, one perhaps impaired as a result of excessive nutrient or sediment loading, may more than offset the reductions in EPT abundance. Therefore, this measure may be inappropriate in certain situations. CSU researchers studying the macroinvertebrate population in Phantom Canyon have concluded that an EPT abundance of 11-18 taxa below Halligan dam and 19-25 taxa in Phantom canyon are comparable to that prior to the release and represent an appropriate and attainable endpoint. Similarly, total taxa numbers of 44-52 below the dam and 43-60 taxa in the canyon are considered indicators of a healthy population in this reach of the North Poudre. Therefore, these are the water quality targets being adopted for the macroinvertebrate population. Similarly, the abundance of fish and the presence of self-sustaining populations over a period of years are good indicators of water quality. The distribution of species may represent anthropogenic activities affecting water quality or meant to manage a stream environment to promote certain species or may be a result of natural conditions. Therefore, a measurement of total fish biomass may be a better indicator of water quality in some situations. Studies conducted by CDOW indicate that to support the designated aquatic life use, the North Poudre through Phantom Canyon should carry a minimum of 100 pounds of trout per acre. A selfsustaining fish population is considered to be one that exhibits 3 year classes of fish over any five year period. These are the water quality targets that will be monitored for trout as an indicator of successful implementation of this TMDL VII. SOURCE ANALYSIS The major source of sediment delivery to the North Fork Cache La Poudre in Phantom Canyon is the periodic release of sediment from Halligan Reservoir. Other sources of sediment may also 13
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include grazing, deposition from the naturally disturbed canyon walls during storm events, and the natural activity of small mammals. These sources have been judged to be minor (per Ellen Wohl). No impairment of aquatic life has been indicated due to any other sediment source than the major release from Halligan Reservoir. The sediment that accumulates in the reservoir results from both natural events/activities and land use practices upstream of the reservoir. Presently the land along the North Poudre upstream of the reservoir is a mix of private, Forest Service and State Wildlife Preserve lands. There is grazing on some of these lands and unpaved roads throughout the area. These activities will contribute some sediment to the river. The rate of sediment deposition in the reservoir could increase in the future as a result of increased grazing density, residential development or other changes in land use.



VIII.



TECHNICAL ANALYSIS



Sediment loading to the North Fork of the Poudre through Phantom Canyon is directly associated with the operation of the Halligan Reservoir dam. When the reservoir is drained to provide access for maintenance of the discharge gates or dam safety inspections, significant amounts of sediment may be released. The amount of sediment will depend on the length of time since the last significant drawdown and the level to which the reservoir is drained. Studies conducted by Wohl and Cenderelli in 1996 and 1997 indicate that the impact of sediment releases on the aquatic community is a function of not only the amount of sediment released but also the flow regime maintained during and after the release. During early 1997, the outflow from Halligan Reservoir was managed to flush sediment from Phantom Canyon and protect the remaining fishery in the Canyon. The flows were gradually increased from 2.5cfs to over 100cfs (0.07 to 2.8 m3s-1) over a 20 day period and then maintained at this rate for over 30 days. Studies conducted in the fall of 1997 indicated that the pools below the dam had regained 80-90% of their original volume and that sediment had been substantially flushed from the streambed. Recent studies show that the flow regime and sediment transport over the past few years has been adequate to maintain the pool structure and particle size distribution at conditions favorable to the aquatic community. Extensive sampling in 1996 and 1997 provided measurements of the total sediment transport through Study Reach II, also known as Tick Pool. Study Reach II is approximately 3.2 km downstream from the dam (Rathburn and Wohl, 2001). The following graph shows the relationship between total sediment discharge from Tick Pool in metric tons per day, and the flow in cubic feet per second. A trend line has been fitted to the data.
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Sediment Transport (Tick Pool) Total Sediment Discharge (met tons/day)
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Discharge (cfs) Figure 5 Sediment Transport as a function of discharge at Tick Pool (after Rathburn and Wohl, 2001) Using the sediment transport and flow relationship from Rathburn and Wohl (2001), and the average monthly flow from the USGS streamflow gage below Halligan Dam, a monthly sediment transport rate for each month can be estimated. These rates are displayed in Table 5.



January February March April May June July August September October November December



Table 5 Monthly Sediment Transport Rates Average Monthly Sediment Transport Flow(cfs) (metric tons /day) 36.7 14.2 41.3 16.9 93.3 57.1 87.4 51.8 273.9 285.5 220.0 205.8 97.6 61.1 90.0 54.1 70.5 37.6 10.0 20. 4.3 0.6 10.4 2.1 15
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TOTAL MAXIMUM DAILY LOAD



Because support of the aquatic life use designation is a function of both the amount of sediment released from Halligan Reservoir and the flow regime at the time of sediment release, the TMDL is expressed as a monthly sediment transport rate that characterizes the conditions of the last few years. During this time period, the sediment releases and flow regime have resulted in conditions favorable to aquatic life. The monthly sediment transport rates displayed in Table 5 above will result in continued support of the aquatic communities. The implementation of this TMDL will be accomplished through a number of actions designed to decrease the total amount of sediment that is released during drawdown of the reservoir for outlet structure maintenance or safety inspections and by managing the sediment releases so that they occur when there is sufficient water to flush the sediment through the canyon. Historically, the reservoir has been drawndown approximately every 5 years, at times annually, for dam safety inspections and maintenance. Prior to the 1996 event, the reservoir level had not been lowered for a dam inspection for approximately 12 years. NPIC is now planning on a 5 to 7 year inspection frequency. The more frequent drawdowns will decrease the amount of sediment released during each event. The reservoir is also being operated with the gates open during periods when the dam spills to decrease sediment build-up in the reservoir and to allow release of smaller amounts of sediment over longer time spans at high flow levels in the river. The staged flows out of the reservoir in the spring of 1997 proved effective in flushing sediment through Phantom Canyon. NPIC has continued and will continue to move water out of the reservoir through staged discharges in 20cfs (0.6 m3s-1) intervals, adjusted approximately every 2 days. When NPIC anticipates that it will need to lower the reservoir to the level required for dam maintenance or inspection, the company has committed that it will contact the District Water Commissioner to develop an agreed upon plan for the drawdown and minimization of sediment impact on the North Fork of the Poudre. Per the June 1998 Memorandum of Understanding between the Colorado Division of Water Resources (CDWR), Colorado Division of Wildlife (DOW) and the Colorado Water Quality Control Division (WQCD), CDWR will inform CDOW and CWQCD of the planned actions and they will mutually agree on the approach to be taken to meet the needs of NPIC and the three state agencies. CDOW personnel will monitor the fish populations during the reservoir drawdown for maintenance and will advise NPIC to stop the flow if aquatic life impacts are seen. NPIC has agreed that they will suspend or decrease the discharge to the extent that they are able until a different discharge regime is agreed to by the concerned parties. The goal of this implementation procedure will be to operate the system so that there is no net loss of water to NPIC and no impairment to the aquatic life in the North Fork of the Poudre. The TMDL must incorporate a Margin of Safety to account for any uncertainty related to data quality and efficacy of control measures. The TMDL incorporates multiple physical and biological endpoints. Through use of multiple endpoints, there is greater assurance that 16
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achievement of the identified water quality targets will indeed result in attainment of the assigned class 2 cold water aquatic life classification. Periodic monitoring of the benthic and fish populations will provide documentation of continuing attainment of the designated aquatic life use. CDOW will continue to monitor the fish population in the fall on a two to three year period. TNC will monitor the fish populations in the spring on approximately the same frequency and asks fishermen in the canyon to complete fish surveys. TNC will also continue to monitor aquatic insects in the North Fork of the Poudre on a two to three year period. Monitoring of any changes in these communities before and after reservoir drawdowns will indicate the efficacy of the control mechanisms X.



PUBLIC INVOLVEMENT



The section of the North Fork Cache La Poudre River from the Halligan Reservoir dam to a point 3.2 mi. (5.2 km) downstream was included on the 1998 303(d) list of impaired waters in Colorado based upon aquatic community assessments and data developed by CDOW and researchers from CSU. The development of the 303(d) list is a public process involving solicitation, from the public, of candidate waterbodies, formation of a technical review committee comprised of representatives of both the public and private sector, and a public hearing before the Colorado Water Quality Control Commission. Public notice is provided concerning both the solicitation of impaired waterbodies and the public hearing. Development of the TMDL is based upon information provided by CDOW, TNC, NPIC and researchers at CSU. The TMDL itself is subject of an independent public process. The TMDL was made available for public review and comment during a 30 day public notice period in September, 2001. Notice was provided in the Colorado Water Quality Information Bulletin, the Colorado Statesman, and via the Division’s TMDL webpage. Comments regarding the TMDL were received from TNC and the U.S Environmental Protection Agency (EPA). The comments are summarized below, as are the Division’s responses. Responsiveness Summary TNC suggested minor wording clarifications that were incorporated into this document. EPA noted that although the goal of the TMDL is to maintain the segment’s aquatic use classification, an acceptable sediment loading should be quantified. Based on data collected by CSU researchers in 1996 and 1997, and published in October 2001, the Division modified the TMDL to focus on monthly sediment transport rates..
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