Bonneville Power Administration

2001 Action Plan For Fish in Response to Power System Emergency Solicitation of Proposals

PART 2 of 2. Narrative

Title:    Holliday/Crown Ranch Conservation Easement and Forest Allotment Retirement


Section 3. Project description

Abstract 

The Holliday Ranch, located within the John Day River Basin (Figure 1) two miles east of John Day, Oregon on Highway 26 (Attachment A), proposes to purchase the neighboring Crown Ranch and sell a perpetual conservation easement on both properties to the Natural Resources Conservation Services of the Department of Agriculture.  Such easement would allow an existing riparian fence corridor, currently under 15 year lease, on 4.4 miles of mainstem John Day River to be converted to perpetual easement.  An additional mile of fence would be constructed on both sides of the mainstem and 9.5 miles of tributaries, including Pine Creek, Indian Creek, Dog Creek, Grub Creek and Castle Creek.  The mainstem corridor would be measured 300 feet from the center, the tributaries measured 150 feet from centerline.  Topographical features would require deviances from these standards, resulting in an average that may ultimately be slightly below such goals.  The Oregon Department of Fish and Wildlife, Grant Soil and Water Conservation District, and the landowner will be responsible for the on-ground fenceline design.  The Grantee shall oversee design, contracting, and construction of the fence.  The Grantor, inheritors, or assignees shall maintain the fence in perpetuity.

An integral component of this project is a conservation easement on all uplands outside of the designated riparian corridors previously described, on both the Crown and Holliday Ranches.    The Conservation Easement shall protect all uplands outside of the riparian corridors from development, subdivision, and all prohibited and non-permitted uses as set forth in the easement on both ranches.  Terms and conditions have not been finalized at the date of this proposal.

The ranches combined encompass approximately 17,000 acres.  Riparian and upland acreage would be placed under the perpetual conservation easement, of which preliminary estimates have identified 401 acres within riparian fence.  The Hollidays propose to retire that portion of their U.S. Forest Service grazing allotments draining into the John Day Basin, but stress that the Crown Ranch must be acquired prior to sacrificing the grazing allotment in order to have a viable operation.  Two allotments, Seneca and Sugarloaf, total 54,128 acres, of which 36,926 are considered suitable for cattle grazing.  Allotment seasons run from mid-June to late October.  The methodology for determining the value of the grazing rights has not been determined at this time, therefore no budget figures can be provided.   The Forest Service allows none-use to be taken for three consecutive years upon written request of the permittee.  Development of the ten-year Malheur National Forest Plan is scheduled to begin within two to three years, at which time the allotment would be petitioned for retirement.  

The Hollidays agree that all components of this project will be based on fair market value appraisal of the easements and have paid for a private appraisal. 
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Figure 1.  Map of John Day Subbasin.

Steelhead trout and bull trout, both federally-listed threatened species, westslope cutthroat, redband trout, several species of neo-tropical birds, Rocky Mountain elk, mule deer, antelope, bald eagles, mink and California quail are some of the species that would benefit from this proposal.  

Section 3b.   Justification As Action Plan Item. 

Grub Creek, Pine Creek and Indian Creek are important steelhead rearing habitat.  Grub, Dog, Indian, and Pine Creek are all Department of Environmental Quality 303(d) listed streams (ODEQ, 1999) due to water temperatures, and mainstem John Day for fecal coliform bacteria, flow modification, dissolved oxygen, and water temperature.  Bull trout use the mainstem for migration and rearing during winter months.  

Table 1.  Fish species and use of the Holliday and Crown ranches.

Location
Species/Life stage
Season of Use
Type of Use






John Day River
chinook/adult
May, June
Upstream migration


chinook/juvenile
Nov.-April
Downstream migration/rearing


westslope cutthroat/all
Oct-June
Rearing/migration


redband trout/all
Oct-June
Rearing/migration


steelhead/adult
Feb-May
Upstream migration/spawning


steelhead/juveniles
Oct-June
  Rearing/downstream migration


lamprey/adults
March-April
Upstream migration


Non-game
Yearlong
Rearing/spawning

Grub Creek
steelhead/adult
April-May
Spawning/upstream migration


steelhead/juvenile
Yearlong
 Rearing/downstream migration
Non-game
Yearlong
 Rearing/spawning

Pine Creek
steelhead/adult
April-May
Upstream migration/spawning


steelhead/juvenile
Yearlong
 Rearing/downstream migration


chinook/juvenile
June-Sept.
Rearing


Non-game
Yearlong
Rearing/spawning

Indian Creek
steelhead/adult
April-May
Upstream migration/spawning


steelhead/juvenile
Yearlong
 Rearing/downstream migration


chinook/juvenile
June-Sept.
Rearing


Non-game
Yearlong
Rearing/spawning

Dog Creek
steelhead/adult
April-May
Upstream migration/spawning


steelhead/juvenile
Yearlong
 Rearing/downstream migration


westslope cutthroat/all
Yearlong
Rearing/spawning


Non-game
Yearlong
Rearing/spawning

Dissel Creek
None

Dean Creek
None

Castle Creek
None

Deep Gulch
None

Table 2.  Common wildlife species found on the Holliday and Crown ranches

Species




Estimated Number


Type of Us

Elk







225




Summer and winter range

Deer






200




Winter range

Deer






  50




Summer range

Pronghorn





120




Summer and winter range

Bald eagle





  10




Winter roosts

California quail




250




Year long


Chukar partridge


   30-50




Year long


Hungarian partridge


   25-30




Year long

The portion of the ranch on the south side of Highway 26 has relatively high potential for residential development, which would have a profound impact on deer and elk winter range.  Adjoining properties have been developed into mini-ranches where the county land use plan allows 80-acre minimum lot size on those properties zoned for exclusive farm use or forestry.  There are also numerous “lots of record” which allow smaller parcels to be developed, even down to one-half acre or smaller.  Higher density residential areas reduce the winter range carrying capacity in several ways:  increased traffic, reduced quality forage, increased harassment from pets, and human activity all contribute to degradation of winter habitat

Riparian fencing is widely recognized as a highly significant restoration technique that reestablishes streamside vegetation and shading which in turn reduces the water temperature of target streams and rivers.  Warm water temperatures have been identified as one of the major limiting factors for anadromous fish production in the John Day River system (CTUIR, 1983).  The majority of spring chinook spawning habitat is located approximately 10 miles upstream from the easternmost boundary of the property.  Corridor fencing projects have been ongoing on private lands since 1983, with a goal of decreasing water temperatures and extending the cool water plume downstream.  These projects have been funded by BPA through the ODFW John Day Fish Habitat Program, which seeks to fence significant waterways on private lands to benefit salmon and steelhead.  These habitat improvements have contributed to the recent increases in spring chinook spawning population, which was the highest on record in 2000 (Figure 2)
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 Figure 2.  Results of John Day River spring chinook spawning surveys, 1959-2000.

The two grazing allotment, which are adjoining, are in the Malheur National Forest on the south side of the Strawberry Mountain Wilderness.  Two herds of 225 and 130 cow/calf pairs each utilize the Sugarloaf allotment, and two herds of 165 and 170 pair utilize the Seneca allotment.  Most of the boundary between the wilderness and the allotment is not fenced.  The Forest Service maintains drift into the wilderness is minimal as most of the primary range is located in the lower elevations.  The USFS monitoring report stated “the condition of the riparian shrubs on Canyon Creek and the Middle Fork was disturbing.  The cause was not determined for the lack of young shrubs in the monitoring area.  No suckers were seen near existing plants.  Some possibilities are blight, disease or soil compaction from cattle.  The channel did not appear to have degraded and disconnected the flood plain from vegetation.” (USFS, 2001)

Bear Creek and Dark Canyon Creek in the Sugarloaf allotment support redband trout populations.  Wall Creek supports redband trout and possibly steelhead spawning and rearing habitat.  The Middle Fork Canyon Creek has steelhead and cutthroat spawning and rearing habitat.  Crazy Creek supports cutthroat and redband spawning and rearing.  In the Seneca allotment, Vance Creek and its tributaries support 0.88 mi. of steelhead and redband trout spawning and rearing habitat and is the only fish-bearing stream on the allotment. (USFS 2001).

The Crown Ranch will soon be placed on the open market.  The Hollidays have postponed that action by purchasing options, but will not be able to continue.  The property is located in a growing recreational market that continues to expand, while the availability of small acreage properties continues to shrink.  Suitable residential building sites are in short supply in John Day, and pressure continues to grow to annex the perimeter lands with good water and gentle slopes.  The Crown and Holliday properties have those qualities and close proximity to town and the services available.  The Crown Ranch/Carter Property would be very attractive to a developer willing to try to work a project through the planning process.

Section 3c. Rationale and relationship to criteria for 2001 Action Plan For Fish in Response to Power System Emergency Solicitation

“Above all, the most critical need in the John Day Subbasin is associated with habitat, either in protecting currently productive habitat or restoring degraded habitat.  Addressing this need and the limiting factors associated with poor habitat conditions would provide the greatest long-term benefit for both fish and wildlife within the subbasin”  (Knapp, 2001)
FCRPS BiOp


This is a biological opinion written by NMFS and the Fish and Wildlife Service (FWS) regarding the operation of the federal hydropower system on the Columbia River, and fulfills consultation requirements with the U.S. Army Corps of Engineers (USACE), the Bureau of Reclamation (USBR), and the Bonneville Power Administration (BPA) under Section 7 of the ESA.  Significantly, the BiOp concluded that off-site mitigation in tributaries is necessary to continue to operate the hydropower system
Some ways cattle and management for cattle affect riparian vegetation are reduction in plant complexity and canopy species, lowering of the water table, decrease of plant vigor, elimination of riparian areas, reduction of vegetation over and in the water column, and clearing of brushy vegetation from the streambanks, resulting in less introduction of woody debris into the system.

Behnke (1977) and Platt (1991) state that “the best opportunity for increasing populations of resident fish species in western North America is to improve riparian habitats that have been adversely modified by livestock grazing”.  In grazed areas, stream channels contain more fine sediment, streambanks are more unstable, banks are less undercut, and summer water temperatures are high than is the case for streams in ungrazed areas; therefore, salmonid populations are reduced (Armour 1977; Benke and Zarn 1976; Platts 1983).  The need to restore streambank integrity and vegetative community structure is widely accepted.  According to Platts, Gifford and Hawkins (1976) showed that no developed grazing strategy reported in the literature consistently or significantly increases plant and litter covers on watersheds, and response to various grazing strategies can affect plant species differently, favoring some over others.  The surest and quickest way to recover streambanks is total exclusion of livestock. 

The following is from the John Day Subbasin Summary (Knapp 2001).

 Riparian Habitat Loss

Approximately 600 degraded stream miles have been identified in the John Day Subbasin (ODFW et al. 1990).  Plentiful riparian cover along streambanks is a vital part of a healthy watershed, providing multiple benefits in the form of nutrient cycling, shading and cover, bank stability, water storage, and filtration and retention (Wissmar et al. 1994).  Riparian vegetation also hosts various insect species for the aquatic food chain.  Loss of riparian cover leads to accelerated surface runoff and erosion, which in turn leads to siltation of spawning beds.  Loss of riparian areas increases solar insolation, elevating water temperatures in summer, or reducing the tempering of water temperature in winter.  Cumulative losses of habitat complexity can make fish populations more vulnerable to flash floods (Li et al. 1994).  Loss of riparian cover potentially exposes spawning adults and rearing juveniles to predation and disturbance (Federal Caucus 2000).  When riparian vegetation is lost, channel structure becomes more simple as inputs of large woody debris and their influence on channel structure are diminished, affecting instream habitat (Li et al.1994).   

Sedimentation

Fine sediment in spawning substrate has a major effect on salmon survival from egg to smolt (Rhodes et al. 2000).  As silt settles into coarse gravels, spawning habitat is eliminated and eggs are suffocated by reduced water and oxygen flow.  Sedimentation increases temperature and reduces dissolved oxygen concentrations (Federal Caucus 2000) and is abrasive to gill tissue.  

Flows

Peak flows from increased, unretained runoff scour redds and dislodge eggs or alevins.  Low summer streamflows also occur in many of the streams in the John Day Subbasin, primarily as a combined result of water rights uses and degraded channels.  Many of these streams are in the upper reaches of the mainstem John Day River and the Middle Fork John Day River.  Lack of flow interferes with movement, spawning, and rearing of salmon, steelhead, and trout and significantly impairs habitat productivity and causes stream intermittency.  Studies suggest that minimum water depth for passage by chinook is 24 cm (Hall 1994).  Lack of adequate water depth reduces the connectivity between aquatic systems, impeding passage to traditional spawning grounds (chinook salmon), affecting rearing of juvenile steelhead, and impacting all life stages of redband, bull, and westslope cutthroat trout.  Low flows also reduce the depth of pools used for holding adults and rearing juveniles.  Low stream flows limit adult lamprey migration in mid-summer, during their peak migration period (Close et al 1995) and when coupled with elevated temperatures in the lower river, restrict movement of adult steelhead into the river system in the fall, delaying their migration (ODFW 2001).  Low summer flows also have the effect of concentrating pollutants (phosphates, nitrogen), which can be hazardous to aquatic health (Cude 1995).      

Instream Habitat Loss

Loss of instream habitat and habitat diversity limits salmonid production.  Unmanaged livestock grazing in riparian areas has led to entrenchment of streams or wider and shallower channels, reducing or destroying in-stream habitat necessary for spawning and rearing.  Human-caused channelization has eliminated floodplains and wetlands and reduced channel complexity, eliminating rearing habitat for juveniles and disconnecting floodplains with the stream.  A reduction in beaver populations has also limited their contribution to forming wetland and riparian habitat (Wissmar et al 1994).  Reduced riparian areas also limit woody debris in streams, diminishing pool quality and frequency, which are important for holding adults and rearing juveniles.  Spawning habitat was destroyed by gold dredging in years past as stream channel hydrology was altered, preferred gravels displaced, and riparian vegetation eliminated (Wissmar et al. 1994).  Loss of floodplains and wetlands has eliminated rearing areas for juveniles.  Loss of instream habitat also increases vulnerability to predation (Federal Caucus 2000).

Passage Barriers and Irrigation

Common irrigation practices also present passage barriers to migrating salmonids within the John Day Subbasin (ODFW et al 1990; OWRD 1993).  Commonly-used push-up dams greatly restrict passage, both for upstream and downstream migrations.  A number of diversions do not meet NMFS specifications for screening or are totally unscreened, resulting in impingement or entrainment of rearing or migrating juvenile salmonids.  Other passage barriers include thermal or flow barriers, and impassable culverts, which restrict or limit movement of fish.  Irrigation withdrawals can “dewater” sections of streams precluding passage and impairing water quality.  Overland return flows from irrigation systems can warm streams, contribute to high levels of fecal coliform, and in some instances load them with silt.  
The project would be self-sustaining, as responsibility for ongoing fence maintenance falls on the Grantor, the Hollidays. Benefits would accrue from protection from livestock grazing in the riparian corridor and the grazing allotment, and development restrictions on the uplands.  Improved riparian conditions and more efficient irrigation practices on Pine Creek and Indian Creek could result in increased useable summer habitat in both streams.  Irrigation withdrawals and flood irrigation from upstream reaches virtually dries up several miles of these streams. Improved conditions on these streams could increase flow and extend cooler water downstream and into the John Day River.  Other tributaries would benefit from improved riparian conditions even more, because they do not have as large a proportion of flows diverted for irrigation.  Reduction of water temperatures in tributaries and mainstem will contribute to steelhead smolt survival and enhance seasonal use by bull trout (ODFW et.al. 1990).  Thermographs will be installed at strategic locations.  Riparian vegetation will be measurable through establishment of photopoints.  Increased nesting habitat will provide neotropical bird nesting opportunity in proportion to available acreage as new vegetation matures inside the corridors.  

Protection of 15,532 acres of uplands from subdivision or other development will guarantee deer and elk from the Strawberry Wilderness Area and those from the Northside Wildlife Management Unit winter low-elevation wintering and feeding areas.  Approximately 125 pronghorn antelope are year-round residents on both ranches and surrounding area.  All three species utilize meadows in both ranches to some extent during all seasons of the year.  Additional human disturbance would force deer and elk to dislocate to areas already supporting populations, straining landowner tolerance.

The subject property lies within the ceded lands of the Confederated Tribes of Warm Springs Reservation of Oregon (CTWSRO).  This project complies with the National Antiquities Act through NEPA requirements.

The proposed project complies with the Endangered Species Act and are consistent with the Northwest Power Act and applicable state laws
Outyear funding needs are relatively small for such a large project.  Monitoring will be necessary to insure that cattle do not breach the riparian fences, and that cattle from neighboring forest allotments do not trespass onto the retired allotment.  Some materials will be required for fence repair, particularly after catastrophic events or severe elk damage.  The landowners will be responsible for maintenance labor.  
NEPA, ESA compliance, 404, and landowner agreements will be completed in time to develop contracts and begin construction in 2001.  It is unlikely all fence construction would be complete until 2002; however, it would be under the same contract.

This project was originally submitted through the High Priority process to mitigate for impacts of hydropower construction and inundation on the Columbia River.  

Section 3d. Relationships to other projects and BIOP RPA's (click link to view information)

The John Day subbasin has been identified in the NMFS Biological Opinion as one of three high priority watersheds in the Columbia Basin for salmon/steelhead restoration.  Habitat rehabilitation/restoration has been identified as the preferred method of salmon/steelhead restoration by the co-managers within the subbasin.

Several ongoing Oregon Department of Fish and Wildlife projects in the upper John Day Basin are well-established and deeply invested, including the BPA Fish Habitat and NMFS/BPA Fish Screening Programs. In the upper John Day Basin, 39 landowner fencing agreements have been  developed since 1985, protecting 63.4 miles of spring chinook and summer steelhead rearing streams by constructing and maintaining 106 miles of riparian fence (Table 1).  Past and present research projects include bull trout and westslope cutthroat trout radio-tagging and tracking/monitoring, designed to determine habitat preferences, life history, relative abundance, and distribution.  The fish screening program is currently funded at $556,000. BPA funds are available for 20-25 Mitchell Act replacement screen facilities.  NMPS also funds approximately $500,000 for screen maintenance.  There are a total of 314 screens in the John Day Basin to the mouth of the Columbia River.  An additional $600,000 of OWEB funds are available for fish screen replacement and fish passage.

Bonneville currently pays for leases held by ODFW on riparian habitat on the two properties (Carter Ranch and Holliday Ranch).  The current leases expire over the next 1-3 years.  Additionally, Bonneville and the Bureau of Reclamation have funded a number of habitat improvement projects adjacent to and within the riparian zone on these and other upstream and downstream properties.  These have primarily focused on keeping water in-stream and addressing temperatuire and sedimentation problems by changing current flood irrigation techniques.  This part of the John Day Subbasin has been designated by NMFS as highest priority for FY2001 action.
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Figure 3.  Approximate Holliday/Crown Ranch Project Area.

The John Day Basin Council in1992 identified elevated water temperature and the effect on anadromous fish as the major problem in the basin.  The draft stream restoration program  prepared by the Bureau of Reclamation and the Oregon Water Resources Department identified major goals as increased wild anadromous fish populations, increased soil stability, and enhancement of the local economy.  Specific objectives included stream temperature moderation, increased summer flows, improved fish passage, reduced soil erosion, improved streambank stability, and maintenance of agricultural production (BOR, 1992).

The Confederated Tribes of the Warm Springs of Oregon (CTWRSO) have submitted a package of habitat enhancement proposals under the NWPPC solicitation for early action projects, focusing on habitat acquisition and easements for the protection and enhancement of salmon, steelhead and bull trout in the Middle Fork and upper mainstem John Day River.  This project would complement the CTWSRO proposal for the protection and enhancement of steelhead, salmon and bull trout habitat, with the added benefit of upland habitat protection for deer, elk, antelope, upland birds, raptors, and numerous neotropical and other bird species in perpetuity (Figure 3).

e. Proposal objectives, tasks and methods
Existing Goals, Objectives and Strategies

The following is excerpted from the John Day Subbasin Summary (Knapp 2001) to place in context the goals, objectives and tasks the co-managers have identified as highest priorities, and how this project contributes toward achieving them.   

      The John Day Subbasin has diverse populations of fish and wildlife and unique areas of habitat that are of economic and ecological significance to the people of the State of Oregon and the Northwest, and of special cultural significance to members of the Warm Springs and Umatilla Tribes.  The overall goal for the John Day Subbasin is to restore the health and function of the ecosystem to ensure continued viability of these important populations. 

Numerous federal, state, and local entities are charged with maintenance and protection of the natural resources of the John Day Subbasin.  

Federal

National Marine Fisheries Service and Federal Caucus

The goal of the NMFS with respect to the John Day Subbasin is to achieve the recovery of the salmon resource.  This requires the development of watershed-wide properly functioning habitat conditions and a population level that is viable according to standards and criteria identified by NMFS in two key documents [Matrix of Pathways and Indicators (1996); Viable Salmonid Populations (2000)].  Actions which contribute to these objectives include moisture retention on crop lands, development of riparian vegetation, restoration of streamflow and appropriate hydrologic peak flow conditions, passage improvements and screening, and many other activities.  By virtue of Section 7 responsibilities, any federal action requires consultation with NMFS.  The recovery planning framework and effort will build upon existing conservation measures and develop additional critical information useful to fish and wildlife managers.  


The federal Basinwide Strategy for salmon recovery developed by the federal caucus identifies immediate and long-term actions in the hydropower, hatchery, harvest, and habitat arenas.  Importantly for this summary, it commits federal assistance to local efforts in these areas and is quite specific to the John Day watershed.  These goals are outlined below.  

Habitat Goal

The habitat goals of the Basinwide Salmon Recovery Strategy are:  the existence of high quality habitats that are protected, degraded habitats that are restored and connected to other functioning habitats, and a system where further degradation of tributary and estuary habitat and water quality is prevented.  


Near-term (5- 10 year) objectives for tributary habitat within the John Day Subbasin include:

Objective 1.  Restore and increase tributary flows to improve fish spawning, rearing, and migration.

Objective 2.  Screen diversions, combine diversions, and rescreen existing diversions to comply with NMFS criteria to reduce overall mortality. 

Objective 3.  Reduce passage obstructions to provide immediate benefit to migration, spawning, and rearing. 

Strategy 1.   Federal agencies, state, and other to address all flow, passage, and screening problems over the next 10 years in the John Day Subbasin.  

Action 1.1.  USBR to implement actions in the Upper John Day Subbasin in 2001 

Action 1.2.  BPA to expand on measures under the NWPPC program to complement USBR’s actions.

Action 1.3.  NMFS to provide USBR with passage and screening criteria and methodologies for determining instream flows that satisfy ESA requirements. 

Strategy 2.   BPA funds protection of currently productive non-federal habitat, especially if at risk of being degraded.  

Action 2.1.  BPA and NMFS will develop criteria and priorities by June 2001.

Action 2.2.  Protect habitats through conservation easements, acquisitions, or other means.

Action 2.3.  BPA works with non-profit land conservation organizations and others to achieve habitat protection objectives.

Strategy 3.  Increase tributary flows through innovation actions.

Action 3.1.  Establish a water brokerage as a transactional strategy for securing flows.

Action 3.2.  Develop a methodology acceptable to NMFS for ascertaining instream flows that meet ESA requirements.

Strategy 4.  Action Agencies to coordinate efforts and support off-site habitat enhancement measures undertaken by others

Action 4.1.  Support development of state/tribal 303(d) lists and TMDLs by sharing water quality and biological monitoring information.

Action 4.2.  Participate in TMDL coordination or consultation meetings

Action 4.3.  Build on and use existing data management structures to improve data sharing.

Action 4.4.  Share technical expertise and training with federal, state, tribal, regional, and local entities.

Action 4.5.  Leverage funding resources through cooperative projects, agreements, and policy development 

The program for tributary habitat is premised on the idea that securing the health of these habitats will boost productivity of listed stocks.  


Tasks and Methods 

Objectives

1. Purchase Conservation Easement in perpetuity on the Holliday and Carter Ranches, mainstem John Day River properties, to restore riparian habitat important for steelhead trout rearing and bull trout seasonal habitat, and protect upland habitat for deer, elk, antelope, and upland birds.

1a.  Purchase grazing rights to Seneca and Sugarloaf grazing allotments.

       Task 1a.1. Determine methodology for appraising value 

       Task 1a.2. Due diligence to purchase allotments


 Task 1a.3. Request to USFS for non-use for three consecutive years.


 Task 1a.4. Monitor allotments for trespass cattle


 Task 1a.5. Maintain perimeter fences

2. Exclude livestock from riparian areas.

Task 2.1 Purchase fence materials

Task 2.2 Remove old fence on seven miles

Task 2.3 Construct 21.4 miles of riparian fence

Task 2.4 Purchase off-site water development materials

Task 2.5 Construct off-site water developments

3. Monitor riparian vegetation response

Task 3.1 Establish photopoints

Task 3.2 Install thermographs to measure water temperature response (Replace this text with your response in paragraph form)

f. Facilities and equipment
No special equipment or facilities construction would be necessary.
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