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Table 2. Water withdrawals by continent (in litrcs/capita/day) 

Acutals for 1980 Projections for 2000 
Indus- lrriga- Sub- Indus- lrriga- Sub-

Continent DIM try tion total DIM try tion total 

Africa 47 30 558 635 96 106 514 716 
Asia 82 110 1215 1407 152 250 1138 1540 
Australia/De. 432 148 1686 2260 562 274 1826 2602 
Europe 265 1066 608 1939 300 1338 669 2307 
Nonh America 440 1960 2200 4620 504 2045 2185 4734 
South America 236 295 687 1218 299 784 672 1755 
USSR 223 11 37 2526 3886 309 128 1 2651 4241 
World 144 415 1205 1764 203 546 11 47 1896 

largely agrarian, with irri gated agriculture using 80-90 per cent of the 
developed water resources. In Egypt, agriculture uses 90 per cent o f 
water supplies, employs one-thi rd the population, and contributes 25 per 
cent to the Gross Domestic Product, yet food imports in 1975 exceeded 
65 per cent of total requirements (Falkenmark, 1976). Egypt depends on 
the Nile for 95 per cent of its water supply (Hamman, 1990). On a global 
scale, approximately 70 per cent of total water consumption is used for 
irrigation of crop lands, 23 per cent for industry, and the remaining 7 per 
cent for domestic and municipal purposes. The uses of water vary great­
ly among countries, depending on natural climatic conditions, availa­
bi lity, accessibility and quality of water resources, and their economic 
and social development. 

The variations in water use among continents are demonstrated in 
Table 2 for the three major requirements-domestic/municipal, indus­
trial , and irrigation- which make up about 95 per cent of total use. 

1
w ater uses for domestic/municipal (D/M) purposes range from an aver­
age of 47 litres/capita/day for Africa to 440 litres/capita/day for North 
America. The variations for industrial uses are even greater. 

INCREASING WATER SUPPLIES · 

In the 20th century, large water resource projects have been developed 
to supply water for agricultural expansion and economic g rowth. By the 
1960s, the accelerat ing pace of water withdrawal was being affected by 
the changes in socially-acceptable patterns. These changes placed a 
heavier emphasis on non-structural measures and on patterns of resource 
development involving greater harn1ony of technological and environ-
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mental aspects. Alternatives to developing additional sources of water 
supply are frequently mentioned in the literature and by the media, such 
as: to use water efficiently, to conserve it, to improve irrigation practices. 
to enhance the yield of reservoirs (Wurbs, 1990), to recycle wastewater, 
to desalinate sea water, and to pump groundwater. (Outside Ihe polar 
regions, 94 per cent of all fresh water is stored as groundwater.) In arid 
reg ions (e.g. Riyadh, Saudi Arabia), groundwater is often the only stable 
indigenous supply (Ambroggi, 1980). There is pressure in large arid and 
semi-arid areas of Africa to base development on supplies of fossil 
groundwater. However, permanent communities cannot be established 
on this basis. Temporary use of fossil groundwater can be envisaged 
while other permanent sources of water supp ly are developed (e.g. 
Phoenix, Arizona). Artificial recharge of suitable aquifers is receiving 

. increased attention in the United States (Bouwer, 1990). 

Better management of irrigation practices is needed to prevent the 
detrimental effects of waterlogging and salination, to reduce seepage 
losses, to improve water distribution among farmers, and to control th 
amount and timing of water application to the fields. Between 200,000 
a~d 300,000 ha of irrigated land in the world are lost every year as a 

· n:sult of salination and waterlogging (Falkenmark, 1976). It is estimated 
that a total of 20-25 million ha have been severely damaged by salina­
tion. This is about 7.5-9 per cent of the irrigated area in the world. 
Upgrading is also needed in about 150 mill ion ha (Postel, 1985). Oper­
.ational efficiencies can be doubled from the 30:-40 per cent range to as 
much as 75-80 per cent. 

'~The four major sources available for increasing water supplies in the 
African continent are: 

seawater. 

'ANCE OF DAMS 

water shortages and increasing demands for water cannot be 
the above-mentioned measures, even when they are conjunctive­

More surface reservoirs are needed to modify the uneven 



Water Efficiency Sampler 
Scott Chaplin 

Rocky Mountain Institute Water Program 
December 1991 

A revolution is occurring anwng water management planners as their focus turns away 
from large supply-side projects such as dams and canals and toward demand-side 
projects including residential retrofit programs, irrigation efficiency programs, and 
commercial and industrial reuse and efficiency projects. The following case studies 
provide just a few examples of the many water efficiency projects actually underway. 
More detailed information on these and many other case studies, as well as general 
information on water efficiency, is available from Rocky Mountain Institute Water 
Program, 1739 Snowmass Creek Road, Snowmass CO 81654-9199. 

Water and Energy Utility Partnerships- Two Connecticut water utilities have formed an 
alliance with a local electrical utility to promote residential water and energy efficiency. In a pilot 
program of 1t100 home audits, contractors visit homes to install water- and energy-efficient 
hardware. The utilities split installation cost in an innovative way: if the home has an electric 
water heater, the electrical utility pays for the labor, and if the home has a gas water heater, the 
utilities share the labor costs. (Bruce Wall, Northeast Utilities, Box 270, Hartford CT 06141). 

Irrigation Improvements- In Lubbock, Texas, utility-financed irrigation efficiency projects 
have led to savings between 25% and 40% and a reduction in the annual aquifer depletion rate from 
1.4 million to 0.2 million gallons per year. These projects include replacing unlined ditches with 
pipelines, shortening furrows and watering them in surges, recirculating tail water at a faster rate to 
reduce evaporation, using soil moisture monitoring devices such as gypsum ·blocks (which can 
also increase yields), and switching from high to low pressure sprinkler systems. (Wayne Wyatt, 
High Plains Water District, 2930 Ave. Q, Lubbock TX 79405) 

Com posting Toilets and Graywater Systems - In New Jersey, the need for a sewer 
hookup or a septic system was avoided in the construction of two public restroom facilities which 
were equipped with composting toilets and graywater systems. The graywater from one of the 
facilities is used in a solar greenhouse. (William Clothier, "Using Composting Instead of a Septic 
System: It Works In New Jersey," P & R Magazine, June 1987) 

Rebate Programs - In Mesa, Arizona, local officials developed a rebate program for landscape 
water efficiency improvements. As a result, some participants use 40% less water than their twf­
intensive neighbors. (Bill Bates, Water Conservation Office, Box 1466, Mesa AZ _85211) 

Dual Plumbing Systems - In St. Petersburg, Florida, the local utility developed a dual 
distribution system to use reclaimed water for non-potable needs, providing approximately 18-21 
million gallons per day (1/3 of total city consumption) for use in irrigation and cooling. This 
system will eliminate the need for new water sources aJtd expansion of water facilities until 2030 -
2050. (Joe Towry, Public Utilities Department, 290 16th St. North, St. Petersburg FL 33713) 

Centralized Treatment and Reuse - Sanitation districts in and around Los Angeles, 
California supply an annual average of 63 million gallons per day of reclaimed water to local 
customers. This tertiary-treated· effluent, which meets or exceeds bacterial and other drinking 
water standards and is virus-free, is retailed at 45%-85% of the potable water rate, and is used for 
almost all non-potable purposes, such as irrigation of parks, golf courses, and other landscaped 
areas, irrigation of food crops, livestock, recreational impoundments, industrial processes, cooling 
towers, construction, and groundwater recharge. (Chuck W. Carry, Sanitation Districts of Los 
Angeles County, Box 4998, Whittier CA 90607) 



Onsite Treatment and Reuse- In Essex County, New Jersey, the Roseland ill office park 
development, a 360,000 square foot project serving over 1,100 people, uses approximately 62% 
less water than comparable commercial buildings. These savings are accomplished through the use 
of an onsite wastewater recycling system which treats the building's wastewater and reuses the ~ 
reclaimed water for flushing toilets and urinals. Similar projects have resulted in water savings as 
great as 90%. (John Irwin, Thetford Systems, Inc., Box 1285, Ann Arbor MI 48106) 

Low-Income Housing Retrofits- The Lower Colorado River Authority in Austin, Texas, 
has completed a demonstration project at several low-income public housing sites, retrofitting 1.6 
gallon-per-flush toilets in place of 5.0 gallon-per-flush toilets. Water use reductions ranged from 
23.0 to 27.5 gallons per person per day at various sites. (Nora Mullarkey, Lower Colorado River 
Authority Water Efficiency Department, P.O. Box 220, Austin TX 78767) 

Commercial and Institutional Efficiency Programs - In Massachusetts, water use 
audits were conducted for a variety of facilities, including universities, laboratories, hospitals, and 
businesses. Savings of 10% to 73% were anticipated via ftxture modifications, better maintenance 
practices, flow and pressure controls, and cooling system recirculation. On average, it was found 
that a facility could reduce water use by 20% to 30% with a simple payback for the investinent of 
1.3 years. (Laura McGrath, Demand Management for Industry: Clearing the Hurdles to 
Implementation, Massachusetts Water Resources Authority, 100 First Ave., Charlestown MA 
02129, 1990, pp.2,3) ~ 

Hotel Retrofits - The Lenox Hotel in Boston reduced its average water demand by about 40% 
(3.6 million gallons per year water savings and $15,000 annual cost savings) by replacing 
conventional plumbing ftxtures in its 220 rooms with high-efficiency ftxtures. These savings have 
been achieved with no reduction in fixture performance or customer satisfaction and with no 
problems with .wastewater flow. (Amy Vickers, Amy Vickers & Associates, 100 Boylston St., 
Suite 702, Boston MA 02116) 

University Efficiency Programs - At Edinboro University in Pennsylvania, dormitories 
were retrofitted with high-efficiency showerheads, faucet aerators, and other retrofit devices, .._) 
which led to savings of approximately 11 million gallons per year, or 20% of the University's 
previous consumption. Utility costs- water, sewer, and energy-· were reduced by $52,000 per 
year, at a total program cost, including labor, of $11,000. (Tom Fidler, State Water Plan Division, 
Dept. of Environmental Resources, Box 8761, Harrisburg PA 17123-8761) · 

Agricultural Transfers- Casper, Wyoming obtained 2,000 acre-feet of water per year for 
municipal use in return for repairing and lining parts of local irrigation canal and lateral systems to 
reduce seepage. (David Hill, Board of Public Utilities, 200 N. David St., Casper WY 82601) 

Hookup Fee Incentives- Builders in Morro Bay, California are given the option to save, in 
existing structures, twice as much water as they need, or pay the standard hookup fee. As a result, 
private builders have retrofitted 50% of all homes and businesses with high-efficiency plumbing 
fixtures. (William Farrell, City of Morro Bay, 595 Harbor St., Morro Bay CA 93442) 

Repairing Leaks - In New York City during fiscal year 190-91, 26 full-time workers 
surveyed over 90% of the city's 57,000 miles of water mains. With a budget of $1.5 million for 
labor and equipment, they fixed 66 breaks and 671 leaks, yielding an estimated savings of 49 
million gallons per day. (Ian Michaels, New York City Department of Environmental Protection, 
Room 2454, Municipal Building, 1 Center Street, Ne\1! York NY 10007) 

Comprehensive Programs - In Goleta, California, over 17,000 ultra-low-flush toilets have 
been installed in the last few years, most with a $50-$80 rebate from the local utility. The utility 
has also distributed 35,000 high-efficiency showerheads, implemented rate structure changes, -and 
conducted onsite water use surveys. These m~asures, in addition to some emergency drought 
measures, led to a reduction in water use of 50% and reduction in sewage flow of over 50% thus 
eliminating, for now, the need for a multi-million-dollar treatment plant expansion. {Larry \ 
Farwell, Dept of Water Resources, Box 942836, Sacramento CA 94236) ~ 

Rocky Mountain Institute Water Program 
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SOURCE -- Bureau of Reclamation (25 May 2000) Horsetooth Reservior, Safety of Dams 
Activities; Draft EA EC-1300-00-2, Eastern Colorado Area Office, Loveland, Colorado. 

p37 Horsetooth Reservoir has total capacity of 156,735 ac-ft with dead storage of 7,000 ac-ft. 
Filled by deliveries through CBT with maximum capacity fo 550 cfs during November 
through May. Deliveries from reservoir are from April through October for irrigation. 
Over 50 year period of use, total annula inflows ranged from 40,000 to 158,000 ac-ft and 
averaged 106,000 ac-ft. Deliveries ranged from 21,000 to 156,000 ac-ft and averaged 
96,000 ac-ft. Recently average delivery has been about 70,000 ac-ft. 

p38 Average high water is 5,421 and draw down averages 30 feet- 5420- 137,067 at 1,894 
acres and 5390, 86,303 ac-ft, 1,496 acres. 

Recreation 
p21 Many boaters who keep boats at reservoir use their boats as cabins and tend to stay at 

~ mooring or slip. 
p21 Capacity for motorized boating 314 to 484 boats according to Larimer Parks Staff 

depending on level of reservoir Past 15 years reservoir has fluctuated between 5380 and 
5425 feet elevation (p12). Reservoir holds 156,735 ac-ft at 5430 elevation which is top 
of conservation storage pool (p6). Area-Capacity Table (p38): At 5430 foot elevation, 
capacity 156,735 ac-ft, area 2040 acres; On average reservoir drops 11 by primary 
recreation season and 19 feet by end of August. High mid June season (p23). At 5400 
elevation, 101,910 ac-ft, 1,626 acres. 5430 is maximum and not achieved. Probable 

~ high is 5420, 137,067ac-ft, 1894 acres. And 5390, 86,303 ac-ft, 1,496 acres. 

Calculation of Benefits based on difference in water supply due to possible re-operation of 
reservoir. 

p28 Average capacity is 151,800 ac-ft [about 5427 elevation] with about 2,000 acres in prime 
recreation season. Visitation averages about 500,000 a year. 

40% camping- 200,000@ $48.13 per visit $9.62m 
40% boating- 200,000 @ $27.44 per visit $5.48m 
10% fishing - 50,000 @ $52.09 per visit $2,60m 
10% general- 50,000@ $30.03 per visit $1.50m 
Total500,000 visits for value of$19,219,000 

valuation consumer surplus values for recreation visit as in USFS Publication RM-289 
(McCollum et al. (1990) and Colorado Water Resources Institute- Technical Report #54 (Walsh 
et al. 1988) used for boating estimates. And benefits indexed for inflation to 2000 CPl. 

Cost- Value Analysis 
p25 Use of Economic and Environmental Principals and Guidelines for Water Releated Land 
Resources Implementation Studies (March 1983; called P&G). Uses 50 years and Federal 
Discount rate fro 2000 of6.625%. Also did sensitivity analysis with "real'' interest rate of 
Calculation of Benefits based on difference in water supply due to possible re-operation of 
reservoir. 4.0% to capitalize annual values for each of the benefits derived from reservoir. 
SOURCE - Bureau of Reclamation (25 May 2000) Horsetooth Reservior, SafetY of Dams 
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Activities; Draft EA EC-1300-00-2, Eastern Colorado Area Office, Loveland, Colorado. 

Calculation of Benefits based on difference in water supply due to possible re-operation of 
reservoir. 

Irrigation Benefits 
p26 Crop yield based on Reclamation Annual Summary Reports. 
p26 Horsetooth Reservoir delivers 87,700 ac-ft annually to serve about 53,000 acres [1.6 ac­

ftlac] 
p27 Crop prices from Economic Research Service of USDA 
p27 Value of water based on CSU Extension Service farm budgets, Doanes Reference 

Manual, and interviews. Representative farm is 550 acres. Irrigation benefit as a 
difference in income between irrigation and dryland is $134 per acre or about $45 per 
acre-foot based on average water application of3.0 ac-ft per acre. Capitalized net worth 
$11.4m. 

Municipal and Industrial Water Benefits 
p27 Calculation is based on willingness to pay- market value ofM&I water provided by CBT 

Project. Northern WCD indicates shares traded at capital cost of $20,000 per ac-ft or 
equivalent of annual cost of about $1,381 per ac-ft when amortized over 50 years at 
6.625%. Figures is persumed to be conservative as higher values expected in active 
market. Growth in M&I is from 10,010 ac-ft in 2000 to about 21,000 ac-ft by 2050. At 
annual value over period of$1381 the "capitalized present value of annual CBT M&I 
benefits is $258.8 million. 

Hydropower Benefits 

p29 Net generation attributed to Horsetooth Reservoir is 77.7 million KWH. Economic value 
per KWH of generation estimated based on alternative costs of thermal power as 
provided· in P&G procedures. New thermal facilities are combined cycle or combustion 
turbine because of relatively low cost. Therefore power benefits estimated at $.0656 per 
kilowatt-hour for marginal or economic cost. This times 77. 7m KWH is $5.1m value a 
year. Capitalized the present worth is $73. 8m 

p31 3 year construction period for an alternative would impose: irrig at $45 per ac-ft­
$.183m; M&I at $1,381- $21.1m; recreation at 39% of present annual or annual loss of 
$7.4m capitalized to $17.3m; hydropower loss at 36.6 KWH for 3 years of restricted 
reservoir use would be $2.4 annually and present value for 3 years of$5.6m. 

Cost for dam re-construction is up to $130m and allocation to reimbursable costs is 15% or 
about $19 .Sm 



Fair~lay based U~per South Platte Water Conservancy District recently 
lC bought 37 ac-ft for $18,000 from the Resolution Trust Corp. This 

amount normally costs about $100,000. Water to be used for 
collateral to buy more water to a reduce development costs in the 
district. Water provides flexibility to enhance economic development. 
So far they have about 50 ac-ft or enought for 50 new homes. 

4C 

Mines have played out. Real estate transfers have doubled since last 
year. 

Upper South Park WCD has budget of $24,000 a year. Rights previously 
owned by Sioux Valley Savings and Loan of Sioux City, Iowa. Came 
from bankrupt developer near Hartsel. Last year gPe~~ WCD bought 
enough water around Bailey for 22 homes for $8,500. Also a Lake 
George deal in works for 10 ac-ft for $JO,OOO to be paid over time. 

1972 law requires people to buy water rights to surface water for 
well. So augmentation • plans made by developers at a cost of 
up to $18,000 per ac-ft. Most augmentation ~lans never compensate 
anything because the use is sporatic - two to three weeks a year. 
Red tape stops initiative to build. 

Upper South Platte WCD wants to form a cooperative to share water 
purchased to augment water taken from wells. Would lease water to 
homeowners to maximize compensatory value. Compensate only by the 
amount of water used. If the estimated amount of water used in 
house is 75 gallons per day for two weeks they do not need to have 
water for 3·75 people for )65 days. 

Offer the extra to local businesses. Would stimulate the economy. 
Larry Dirks of Denver Water Board says he is su~rised that WCD 
has enough money to do this. · 

Trend is for ranchers to form OPEC-style groups designed to sell 
water at the highest prmce possiblea according to Alexander 
Crubhfield for AWDI. 

At least 80% of water in South Park already controlled by downstream 
water users - mostly in Denver Area. Loss of control has had ae 
devastating effect on their land-based way of life. We regret what 
has happened. It would have been easier if we had had the foresight 
20 years ago. But we didn't says Wissel 
Steve Spann, Water Engineer for Colorado and president of Upper 
s.p. WCD and County Assessor David Wissel,Vice President of 9 WCD. 

Sourcea Bruce Finley (1992) New Aima To Keep Water In The Hills, The 
Denver ~' October 18, 1992, PP• 1C and 4c. 

Water sales in Crowley County in 1968 were at $380 per ac-ft. Sold to 
development co. which then sold to Colorado Springs. Now sales to 
Aurora, Colorado Springs, and Pueblo West of Twin Lakes water is at 
about $1050 per ac-ft. Arugment that if pay $1500 for ac-ft then 
compensate for $6.90 per acre lost in property taxes from farmers. 
Aurora has proposed this but farmers oppose because it would be a 
barrier on water sales. Latest offer is $7,500 per ac-ft for Twin 
Lakes water to one farmer. 

Sourcea Bill Scanlon (1992) Farms Shrivel As Cities Buy Water Rights, 
The Rocky Mountain News, October 28, 1992, P• )6 
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Fort Lyon Canal is a big part of the Arkansas River water supply system taking around 300,000 
ac-ft of diversions each year or about 40% of the river. 

Source: Tom McAvoy (15 Dec 2001) Ex-Lawyer key to Fort Lyon water proposal, 
Pueblo Chieftain , pp. 1 A and 2A. 

Proposed sale ofFort Lyons water. Canal is 110 miles long. Proposal is to strip water and sell to 
cities. Canal provides water for 93,000 acres. Farmers pay $8.00 per acre-foot of project water 
to irrigate as much as 960 acres. To irrigate more they must pay $130 per acre-foot. Water is 
stored in Lake Pueblo and released when the canals buy it. High Plains A & M, the project 
proponent, wants to buy roughly 20,000 acres. If it does, (p. 2A) it will not be eligible to get 
cheap water. The water will available to others and spread over fewer eligible acres. Share 
holders who don't sell will not get shorted. Sale will make management of project more difficult. 
Project water is divided 49% to agriculture and 51% to municipalities. Dry-up would reduce 
irrigated acres giving more to municipalities- but municipalities are not using their entitlement at 
present. Agriculture does buy unused municipal wate so that agriculture gets about 75%. 
Allocation principals written in 1979. Canals water is valuable because of early rights giving it 
more than 300,000 acre-feet in most years. 

James Amos (22Dec2001) Proposed sale could hurt water allocation, Pueblo Chieftain, 
pp. lA and 2A. 



-, Calpine Corp. Backed out of water deal in Weld County. Would have provided $220,000 a year 
in revenues to Greeley and partnering cities of Boulder, and Longmont. Calpine got 
better deal with Aurora. Plan was to lease Calpine abut 700 ac-ft from the cities 
wastewater treatment plant. Calpine would use water in gas fired power plant near 
Hudson. Plan was to draw water from near Kersey on lower South Platte. A20 year 
lease proposed and company gave Greeley $40,000 earnest money. 

Source: Jesse Faniculli (8 Mar 2001) Calpine backs out of Weld water deal, Greeley Tribune, 
Greeley Co., no page. [$314.28 per acre-foot per year] 

LaPlata Electric Association agreed to guarantee a $300,000 loan to the Vallecito Water Co. 
This was conditioned on a written guarantee from the Pine River Irrigation District which 
created the water company. If the project fails, the coop will get its money back. 
Vallicito Water Co. wants to lay 75 miles of pipe to serve 1,400 lots. Vallecito qualified 
for a $8m federal loan, and additional $4m from communities, Colo Water and Power 
Development Authority for $1m. Total construction costs is about $11.5 million with 
planning at $400,000 and $300,000 of this from the CWCB. USDA can do $300,000 
loan but only if done through LEPA. Problem of financial viability if City of Durango 
annexes some of the land to be served. 

Source: Tom Sluis (22Feb200 1) LPEA OKs loan for water system, Durango Herald, Durango, 
CO, pp. lA and lOA. 

Victor, Colorado receives on about half the revenues it expected from Cripple Creek and Victor 
Gold Mining Co. Company had guaranteed to pay $19,000 per month or $230,000 per 
year. For 2000 it say it would use some $650,000 worth of town water and town 
budgeted on that. But by years end it had used $360,000. Some say company could plan 
better and town came up short. 

Source: Charles T. Jones (14Mar2001) Gold mine water controversy cools in Victor,~ 
Bmh, Cripple Creek, CO, pp. 1 and 5). 



-p SA Water bank in California established for more then 800,000 ac-ft in 45 days in 1991. It 
paid sellers $125 per ac-ft. After heavy rains the price paid for 400,000 ac-ft became $30.00 and 
more than half was carried into 1992 in storage. -p 6A Farmers could make money from wate 
without having to sell. Bank helped use 14 million ac-ft that would otherwise have gone to 
ocean. Bank leads to better water management. Farmers sell water in dry years, perhaps to 
cities. Bank can lease water back to farmers. Pilot water bank is being set up on Arkansas 
Valley. 
Source: James Amos (23 March 2001) Water banks: Is the time ripe?, the Pueblo Chieftain, pp. 
5Aand6A. 



--
~ Pueblo Reservoir Water Bank- -piA Proposed enlargement of75,000 ac-ft to present 

250,000 ac-ft would cost about $100 million. To be paid for with Enterprise Water 
Management Storage space. Not more than 20,000 ac-ft set aside for winter stored 
farming water, a possible water bank, and for needs of small communities. Big cities 
have agreed to pay a 15% sur-charge on their own shares of enlarged space but this will 
pay for only about 7,500 ac-ft of space which guarantees hardly more than 5,000 ac-ft of 
winter stored water. -p 2A District staff suggests 2 ways to pay- 1) require users to pay 
for space to Dsitrict; 2) other is by property tax replacing tax to repay Fryingpan­
Arkansas assessment of .822 mills. This now costs owner of$100,000 house [house 
with assessed value of $1 00,000] $8.22 a year and generates about $4m. Small 
communities want district wide assessment but ElPaso votes would not approve. Others 
favor charge for space to users. Others say wrong to have everybody pay own way. 
Small communities can not afford $2,000 per ac-ft for guaranteed space and will not 
know for years if they need space. Concern that if space not bought now, it will be gone 
later. The Arkansas Valley Aquiduct providing clean water to communities in the lower 
Arkansas Valley is expected to need 3,000 to 5,000 ac-ft in future. So some say property 
tax financing would be fairer or a rate based cost for each community to spread among 
its taxpayers. Charging only users makes project almost prohibitively expensive some 
say. 

Source: James Amos (4Apr2001) Decision delayed on Lake Pueblo changes, Pueblo Chieftain, 
Pueblo, Colorado, pp. lA and 2A. 

Lessons learn from Crowley County, CO, water sales. 3,000 irrigated dried by Aurora. 
Replacement with grass hard to do, weeds grow faster. Sellers got 3 years to use water to 
replant grass or Aurora would do it and deduct $264 per acre from purchase price of 
about $5,600 per acre. Water transfers do not require revegetation but if land left, then 
problems. Much of Crowley County not revegetated after 40,000 dried up in 1980's. 
Largest sale was from Foxley Cattle Co. To Colorado Springs. Water buyer says 
revegetation was sellers responsibility. Continuing users sued seller or new owners of 
tracts, won, but go so little money for seed that nothing happened. -p 2B Sale in 1981 
to Aurora of Rocky Ford Ditch established requirement for revegetation. Aurora bought 
water from assembler of water rights - Resource Investment Group. It was to revegetate 
but planted little and that died for lack of water. A water judge in 1989 fined Aurora and 
RIG. Aurora took over planting. Successful except for prairie dog field. Cattle grazing 
appears good. They eat weeds when grass young and push in grass seeds. Now Aurora is 
"good neighbor." 

Source: James Amos (6Mar2001) Lessons hard earned from Crowley water sale, The Pueblo 
Chieftain, Pueblo CO, pp, lB and2B. 

Lessons from water transfers - -piA Not constitutional to stop sale of water. [water belongs 
to public so public can limits it use and perhaps its transfer]. Now places losing water 
want mitigation. Land left behind is worth less [but can be sold for ranchetts at higher 



tax revenues to county- South Park example]. Land produces less, can be left empty 
[open space]. Local business earn less, farm suppliers close, less money spent in town, 
loss of farm and off-farm jobs. -p2A Local economy is going to hurt says Marshall 
Frasier of CSU. CU professor Chuck Howe says inequalities - economic growth distant 
from economic decline resulting from water transfer in case of Rocky Ford Ditch 
transfers. In 1970's water transfers remained in valley - from lower to around Pueblo. 
Later sales to aurora and Colorado Springs were out of valley. Howe said in his 1999 
report that dry-up of 40,000 acres resulted in large-sale negative impacts including drop 
in county tax base when need for social services increased [boom - bust situation] 
Impacts of transfers worse because of Arkansas Valley depressed economy and sparse 
population - 5 to 7 times as severe as sales in South Platte drainage and impact will 
persist. . 

So why not change--- -p2A Water law concerned only with quantity, prior appropriation 
doctrine. Not intended to address community impact. [water belongs to people so people 
again pay to sort out problems] So talk about addressing pollution concentration impacts 
of transfers. Is some consideration for revegetation. Local economy has no standing [HB 
1041 and Grand County] [Why not look back a while? - Market based resource allocation 
pits one region against another and regions not able to act together until problem is out of 
hand] Compensation is compensatory reservoirs in 193 7 Conservancy District Act 
[Gunnison flood flow decrees were to get someone to pay for water]. Therefoe Reudi 
Reservoir near Basalt to compensate for Fryingpan-Arkansas Project for trasnmountain 
diversions to the Arkansas River basin. Southeastern Conservancy District Manager 
says hold cities to this same mitigation standard. Hope do you compensate a farm 
community for loast water? [tax proceeds of sale] Howe says green Mountain Res. Sat 
unused fro 50 years. Money - but who gets it and how much? Is a school teacher equal 
to car dealer or farm implement dealer? State could restrict how much water is 
transferred - but affects property rights. We do impose no-bum days says Howe. 
Restrictions would devalue water rights, lowering farmers retirement funds and ability to 
borrow. [borrow based on assumption will not continue farming] Farmers do not want 
obligation to pay or absorb mitigation. [only if neighbor sells out] Water sales could be 
taxed but does the community really deserve a piece of the farmers' water profits. 
Where were the implement dealers when times were tough asks a farmer. Forced 
mitigation will drive down value of water rights. Devalued water rights change debt to 
equity ratios at farmers banks. [so does sale of neighbors' water] Water is worth more t 
city than to grow com. Cities pay upwards of$1,000 an ac-ft while farming returns 
maybe $100 an ac-ft. Industries have changed, relocated, or died off when not needed 
anymore. Does the government step in to say you have to continue using typewriters. 
No; that life. Cost of transfer to rural communities is outweighed by benefits to large 
cities. What does society think is fair? 

James Amos (26Feb2001) Paying the Price, The Pueblo Chieftain. Pueblo CO, pp. lA and 2A. 

Aurora willing to pay mitigation. It paid for Rocky Ford Ditch mitigation. It wowed Lake 
County officials for Hayden Ranch purchase 2,100 acre near Leadville. Aurora offered 
land, water, and lots of assistance. Aurora offered Lake County [What is relationship to 



Aurora project in Park County?] to hold ranch as open space., to boost tourism in 
Leadville. Lake County has no water rights of its own to attract business. Would help · 
preserve old ranch buildings, donate 60 acres for a fishing pond, pay amount of ranch's 
property to Lake County. Ayurora has held 2,100 acre ranch as open space as federal 
agencies assembled money to buy it to create park at top of Arkansas River Headwater 
Recreation Area. Promised to give 10% of water received to Lake County or allow this 
for operation of well. Helped raise $770,000 in grants for preservation of buildings on 
Hayden Ranch. Agreed to donate 60 acres for reservoir and fishing pond. Promised to 
pay property taxes of $2,600 per year. Optioned the adjoining ranch to review reservoir 
site, would pay property taxes, and give 20% of storage to Lake County, and optioned the 
rest of ranch for open space. Aurora offered to loan its engineers to help design 
industrial park. -p 6A Aurora helped broker a deal for failed Homestake II proejct in 
Eagle County. Earned local support by agreeing not to develop one third of potential 
water yield and to allocate one third of remaining water to local uses. With Rocky Ford 
Ditch purchase, Aurora promised to pay Otero County to make up property taxes whcih 
started at $10,000 and has gone to $14,000 a year but that does not make up for the 
$40,000 in property taxes lost by drying up 4,000 acres according to Otero County 
officials. Recently for dry up of3,000 acres, Aurora is asked to help with economic 
development and utilization of dried up land. County is now objector in Water Court 
over transfer to get leverage in negotiations. Aurora has offered to pay $11,000 for a 
vision and goal setting process for Rocky Ford's economy. Aurora doing what it feels is 
right. 

James Amos (26Feb2001) Aurora willing to Pay, The Pueblo Chieftain, Pueblo CO, pp. SA and 
6A. 

State legislators interested in mitigation for water transfers. Governor Owen's Commission on 
Saving Open Spaces, Farms, and Ranches recommended the Colorado Water 
Conservation Board lobby the legislature for compensation in rural to urban transfers. 
No law has been proposed. Water rights considered private property. Legislature 
reluctant to interfere with owner's ability to sell water. Legislators say mitigation should 
be required but it depends on circumstances [yes?] Not sure what form, perhaps 
enterprise zone credits. If state encourages growth in one area, what about others? -p 
6A CWCB rep. For Arkansas says this is part ofCWCB's long range mission and 
leadership. He wants mitigation. Local community deserves as much of a future as 
Aurora. First Rocky Ford transfer cost county 60 jobs and $1.5m in income and $40,000 
in taxes a year. Pending sale to dry up 3,000 is iexpected to cost county $34,000 in taxes. 

James Amos (26Feb2001) Legislators officials say mitigation needed, The Pueblo Chieftain, 
Pueblo CO, pp. SA and 6A. 
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Snowpack on Western Slope has lead to lower reservoir levels. This spring 6,500 ac-ft was 
diverted by Colorado Springs from Green Mountain Reservoir in Summit Count based on stream 
flow projections by the U.S. Bureau of Reclamation. The projections turned out to be too 
optimistic and the reservoir has a water shortage. Now the Colorado Springs water department is 
looking for 600 ac-ft from the Blue River. Denver has to return 9,400 ac-ft. The Colorado River 
Water Conservation District contends the excess diversions add to what is a critical water 
shortage. Rather than returning the water, the Colo. Springs officials are thinking of leasing the 
water from the CRWCD so as to keep water in its own reservoirs. The lease is at $205 per ac-ft 
and totals $123,000 and requires an agreement between the conservation district, the city, and the 
Bureau of Reclamation. The CRWCD is urging the cities to plan for how to handle water 
shortages and the need for storage. 
Source: The Associated Press (21 July 2001) Poor snowpack could cost cities, Summit Daily 
News, page 10. 



Re: Leasing Values of Water 

Arkansas Valley 
uses 16,000 acre-feet of Aurora water under lease back after sale; 
Pueblo in 1993 leased 13,000 ac-ft earning $189,500 at $10 to $15 per ac-ft; 
Southeastern water Conservancy District allocated 37,887 ac-ft of Western 

Slope water to farmers and 13,810 ac-ft of Western Slope water to 
municipalities at $8.00; 

Colorado Springs leased 22,000 ac-ft of water at $10.00 to farmers and 
25,000 ac-ft of water to the CDOW for $500,000 or $20.00 per ac-ft. 

1 0°k to 15% of the Arkansas River is imported water but by requirements of the 
Frying Pan - Arkansas Project 51% of this must go to municipal, industrial and 
domestic uses. 
SOURCE: Chris Woodka (1994) Agriculture Eroding In Ark Valley Pueblo 
Chieftain, 28 September, pp. 1 A - 2A 

Pinewood Springs Water District in Larimer County 
U.S. Army trucking water from Lyons at $1,000 a day for 50,000 gallons a 

day to "up-scale" community on Litlle Thompson River. 
SOURCE: Anon. (1994) Pinewood Springs- Army Delivering Water The Denver 
Post, 21 September, no page. 
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Taylor Talks for the week beginning October 2, 1994 

Attending POWER's a delight for this trout. 

The s~tting could beautiful. The river was 
\ 

sparkl s at their peak. Everyone enjoyed some 

course with a mention or two 

about wat of ducks joined in the chorus. 

The major of Senator's Campbell's recently 

proposed legis ation for the ck Canyon. A unanimous vote of 

support for thi legislation the hope that this 

bill would eventu lly include pro isions that: (1) existing 

federal rights for Black Canyo National Monument not be 

weakened, and that 

continue to provide c 11 protection our Upper Gunnison Basin 

up to 60,000 acre-feet of upstream dep etion or consumption. 

Senator Campbell, and Colorado's 3rd 

District, have worked on this Black Canyon 

legislation. The growing ressures upon water 

resources coming from our asin emphasize he need for its 

passage. Threats from tran mountain divers'on proposals will 

continue after Union Park d
1
sappears. gered species 

\ 

recovery, water quality, flood control, and rowing demands from !~ 

downstream in places such as Los Vegas must be considered. We 

live at the headwaters and the waters are sought by many. 
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1 Daily sentinel · talking somewhere '-'betWeeii~~$7Q.~~:~~$te ·. Colorado •. Kuhn said.' " .i '· ·: t 
· < ,· _ c _ and $130 an acre-foot/' said .Erie}/: ···payments· from· Denver,·Waterj 
- ~" ·. GLENWOOD SPRINGS 0~ " Kuhn, assistant ·director of£th~:w;:and the NortherifColoradG ;Water:i 

· 1 :- struction .of Wolford Mountain : river district. . . "~~~i~":couervancy District' are cov~tin;j; 
~" I Reservoir ts. nearly done, and the . An acre-foot is 325,851 gallons;~7?· the ·construction· .. costs·; of the $47; 

· ~olora~o .Rt~er Water ~onserva- · and is the water.u$e~ in a ye~:~fiV million project, built"' on Muddy:. 
. tton D1str1ct IS now seekmg ~est- a family of four. · · .•::~' , .. , •. ~"Creek near Kremmling, to com-," 

l 
ern Slope buyers for the water. ·. The subsidized fee will cover pensate for their transmountain· 

; " "The price will be heavily subsi- operation and maintenance costs water diversions. · 
~ 1 dized. The full cost would be at the reservoir and provide seed The river district is offering. 

I· ----. --- ... 

8,000 to 12,000 acre-feet of water, 
with 40-year contracts and 35-year 
renewals. It has already commit­
ted 3,000 acre-feet to Middle Park 
water users and 1,000 acre-feet to 
Fraser Valley water users by 
exchange, along with a temporary 
promise to deliver 3,000 acre-feet 
in three of every five years for 
endangered fish in the Grand 
Valley. 



Water Supply Costs 

-

~p. 34A 

Water for Platteville for 1,570 residents to cost $50 or $60 
per month with water supply purchased from Central Weld Water 
District; with defeat of bond election the cost is expected to 
be $80 to $100 a month. 
Sourcea Jeffery Jones (1993) Platteville Water-Buy Plan Fails 

By 3 Votes, Greele~ Tr~p~ne, 3 November, 1993, P• A6. 

32 mile water pipeline between Carter Lake and Broomfield proposed 
by the Northern Colorado Water Conservancy District and called 
the Southern Water Supply Project. Western Slope water would be 
delivered into Carter Lake. Pipeline to carry 27,350 gallons per 
minute. 80% to replace contaminated water for Broomfield, 6o,?~~~ . 
Berthod, Fort Lupton, Hudson, Fort Morgan, and Erie. t£t Y~'Dl4~c_., 
From Carter Lake pipeline would bring water south to Broomfield. -::..1~ 
This pipeline to cost $80 million. - Note Greg Hobbs, atty. for 
Northern District says ready to proceed with $2.5 million to 
construct outlets at Carter Lake and sign $20 million contract for 
pipeline construction (presume this is pipeline to Carter. not 
from Carter to towns. 
Sourcea Mary George (1993) More Say On Water Pipeline Sought, 

The Denver Pos~1 17 November, P• 5B 

Average suburban home serviced by Denver Water pays $390 per year 
according to the water board and similar coustomer within Denver 
pays $189 per year. Residents outside Golden pay $791 for city 
water; Thornton customers pay average of $780. 
Sourcea Thaddeus Herrick (1993) Water Users Afloat In A Pond 

of Revolt, The Denver Post, 14 November, P• )OA and J4A 
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Bll;)r~fs ·stand in line 

'• ' .... 

to get 2q9 Water sales ~ 
frorri Ruedi ·Reservoir ~. 

. . _,. [~ ., ~ .,. ,. ... . : 
~- '" •J, ... \·. ~· ., • 

He~ther ~cGregor · • · what is called an augmentation ~ 
Da1ly Sent1nel plan. They have a well or diver-

GLENWOOD SPRINGS - ' The sion elsewhere, and rely on a 
U.S. Bureau of Reclamation has release of water from Ruedi to 
buyers lined up for its second ineet downstream needs and make 
round of water sales from ·Ruedi up for the water they have taken. 
Reservoir. • , • , ...r .. But in - May, Colorado River 

But many are questioning the Basin Water Judge Thomas Ossola 
value of their planned purchases rejected a plan filed by the devel· 
in the wake of a court decision opers of Aspen Highlands to use 
that rejected the use of Ruedi Ruedi water to augment diver­
water for snowmaking at Aspen sions from Maroon Creek for snow­
Highlands Ski Area. making, said Kevin Patrick. High-

The bureau bas .offered 38,650 lands' water lawyer. 

.:: ,. 

I 
I 
f . 

acre-feet of water from the reser- Ossola rejected the plan be­
voir on the Fryingpan River east cause Ruedi water is a sure thing 
of Basall About 20 potential buy- for only a limited time, while 
ers, mostly towns and water con- other water rights are permanent, 
servancy districts, have offered to Patrick said. 
buy 16,951 acre-feet, according to He has asked Ossola to amend 
Tom Gibbens of the bureau. the ruling and approve the aug- f 

An acre-foot is 325,851 gallons, mentation plan. If the judge 
and Ruedi holds 102,000 acre-feet. declines, Patrick said he will 

The one-time price for a 25-year appeal to the state Supreme Court. 
contract js $450 an acre-foot, plus Ruedi water contracts will also 
$2 an acre-foot per year for opera- be constrained by minimum 
tions and maintenance. With each streamflow water rights filed to 
passing year, the price inches up- protect trout fisheries, Gibbens 
ward as the bureau looks to re- said. The bureau won't augment a 
coup its construction costs, which diversion that would dry up a 
are to be repaid in full by 2019. stream or damage the fishery. 

The rising cost gives buyers an The bureau plans to allocate the ;, 
incentive to ink a contract now, remaining 21,699 acre-feet of f. 
although they may not need the unsold Ruedi water to boost flows t 
Y(ater right away. in the Colorado River west ofPali- i 

Many of the present and poten- sade for endangered fish for the .. 
tial buyers use Ruedi water in next 15 years. 

i.· 
I ______ ..:.._ _______ __ 



City proposal for water allocations 
m~ impact development in county 

ic Hagorman 
AlslsW>t Cocy Ed:•.or 

. A w~ter policy SL1lement the city 
IS con~Sidcrmg ma)' hJ\'C the practi­
C3I cffcct of putting a moratorium 
on growth in La Plata County, at­
torney Doug Shand said on 
Tuesday. 

whot the potential impacts will be "We can't m>ke these decisions 
on dt\'elopment outside the city in a \'acuum," Mayor L)'lln Shine 
limits." Shand said. said. "I think some fair points w<re 

lie contended ' that gi\'cn the brought up tonight, and I tltink it 
county's planning policy, in which needs to be examined. • 
an owurance or '-"at~r i5 required The policy says that the city -.ill 
befo re: de\·elopmenu can be gi\'en not guarantee water sc"ice until a 
final approval, the countywouldn't building permit is given, rather 
be able to approYe any nc,.., pro- · than at the initial, land-use ap­
~ect.s. The conflict occurl with pro- pro\ral stage. 

DURANGO HERALD 
ounongo. co 

1 La Pia ta C<wn IYI 
M·F(PIA) 9 .70.:. Sun(AM) 9 ·117 

Colorado Pre_ss 
Representing the Durango In­

dustnal Development Foundation, 
Shand asked tl1e City Council to 
table the proposed policy s~1te­
ment presented by City Manager 
Bob Ledger until the city could in· 
,·cstigat~ iu ramification.s. 

jtCts that '-'OUid bt setYed by city If adopted, de\'elopcrs -.ill ha>·e 
w:uer, t itherin tlte city-countyjoint to sign and submit the policy St.:lte­
servicc area or in the unincorpor- mcnt \\ith any land-use applica­
ated county. tion. Ledger said thM until tltt city 

Tite council L1bled a deculon on sol\·es its water storage and pump­
adopting the policy statement until ing capacity problems, potential 

~~ER-r_--_"'_r.e------~--
od from Page 1A see what tltey can get for a lot 

l water customers should know Smith said. 
therc'J a limit to the amount ofwa· Ledger said that the ~ rcactio 

• ter _the_ city can supply. He said thts from the dc,·eloprnent communi1 
pohcy 11 an alternative to imposing was anticipated, but thatifde,·eioJ 
a mor:-atoriurn o~ limiting building en had their projects ready 10 go 
permtt.s as the cuy approaches it.s wouldn't be a problem. ' 
capacity. Shand said that the time bt 

"I'm :uking them to consider it.s March 15 meeting. • Soo WATER, Pago SA 

-

GREELEY TRIBUNE 
Grooloy, CO 

(Wold County) 
M-F(PM), 25.051 ; s.&J(AM)25,0Q3 

Colora do Press 
Clipping S e rvice 
1ll6G$enAtm P!.t.c.e ·Denver, C08020' 

303-571 ·5 117 ·TAX 303· 571 -t803 

"All we're S.1)ing is be ad,ised," "' · · · 1 d 
Ledger said. "If we continue to ·e~n >n~ua an final approval fo 

prOJCClS •s 1mport..1nt to market th 
gro'~ a~d we have development devc~opment. Shand explainc• 
conunumg at the presen t rate, that It would be impossible 10 gr 
there will come a time when \\'C "'ill land use apprO\'al from the count 
not be a bit to pro\'ide water."' in the joint service art-a because il 

. O~e effect of tl•e policy, at least policy requires tlte applicant bu 
"1thtn the city limits, may be to water L1ps firs~ and the city's nt\ 
speed up development, Ledger policy would not allow the land·US< 
acknowledged. Because the city applicam to buy the water taps. 
would make no guar.uuec of water •c1 1 . ear y tlte county has never gi 
scm~e until de\·elopcrs were ready ven final plat appro\'31 until tlte• 
to bUtld, tltey -.·ould have an incen- kn01,. tJ13t there is an owurance O. 
ti\·e to build as soon as possible af- adequate '-"ater being pro,i dtd . 
te r the project's land-use p lan wa.s Shand said today. ' 
approved. 

City Attorney D3\id Smith said 
~~e ultimate_Jmpact would bt to get 
l."·e, vtable project> in the plan­

mug process. 

. "You wouldn't get projects look­
mg for appro'" ' three years before 
they tum a spade or din so tl•ey can 

Coun ty attorney Kane Craves 
said tlte staff, which recei\'Cd a draft 
of the JX?Iicy at 4 p.m. Tuesda{., ha.s 
had no ume to review it and t 1e cf· 
fect.s arc no t yet clear. 

"It -.ill have an effect on the 
C~U~t)', .. Gra\·es said. 'Ve'rejwt re­
vtt\11ng what that effect might be. • 

AS ~~(Colo.) TRIBUNE Sunda~. March 6, 1994 

Conservancy district ponders 
next move in Thornton project 
By BILL JACKSON 
Trl:luf-.StaftWtl., 

Officials at the Northern Colorado 
Water Coruct\'ancy District arc pon­
dering their next mo"e in the contin­
uing saga or the city or Thornton' s 
Northern ProjccL 

On Feb. 18, Senior Judge Roben 
Behrman issued a long-awaited de­
cree on the city's project that would 
divert wattr from nonbern Weld and 
Larimer county farms to tbe north 
Denver suburb. 

"The decree was based on many 
weeks of meetings we participated in. 
We feel it protects tbe w:uer interests 
or area agriculture in reganls to return 
nows," Eric Wilkinson said. . 

But Wilkinson, NCWCD general 
manager. as well as other northern 
water officUls question tbt!' amount or 
water that Thornton officials say the 
decree al lows. 

Dan Auf~ n water resources con­
sultant for Thornton who has worked 
on the project for lhe past tight years, 
said the decree allows lhe city to 
withdraw an average of 56,800 acn:­
f<'Ct or water per year. 

The decree, he said. represents a 
fum annual yield or more lh311 33.000 
acre-reeL meaning that even in "very 
dry years, Thornton can be 35Sured a 
minimum or 33,000 acre-feet or wa-
ter." 

An acre-root or water is about the 

"~T 
We feel (the decree) protects the water 

interests of area agriculture in regards to re-
turn flows." 

-Eric Wilkinson 
NCWCD general manager 

though ·11tornton engaged in exten­
sive engineering studies and comput­
er modeling to arrive :u lhe yields it 
anticipates, I remain or lhe opinion 
tha~ in a very dry ye:u. or a series or 
dry years. 'lnomton will be unable to 
get lhcsc volumes or water from the 
Poudre." 

Brown s.1id. however. that Thorn­
ton might be able to t.:lkeadvantage or 
years when there are high river nows 
by storing the water in Water Supply 
and Storage Company's reservoirs 
for up to one year. 

nmount of walcrconsumcd by a r:un- wa1er rights from tltc 100 or so ranns Thornton indicated that it plans to 
ily or four in a year. that il bought." Brown said. '1llesc appeal several aspects or Behrman's 

Wilkinson said rights held by farms, or course, arc inigated with originaldccisiononlhechangcoruse 
Thornton are conditional rights that water rights from the Water Supply trial. 
arc junior to right> held by lhe water and Storage Co .. which i5 a good. n:- Wilkinson said lhe district is 
district and the city or Fort Collins. liable source even in dry years be- studying .those appeals to determine 
among others. cause or the senior 1~1tun: or mru>y or what cross appeals it may need to file. 

''Our conditional rights to the the priorities or lhe company. All appeals in water U.ues go di-
Poudre Project are senior and we "fbese rights, unlike the more ju- rcc tly to lhe Colorado Supreme 
hope tode\'elop that project in the ru- nior conditional rights, won't be Court. It is estimated it could t.:lke one 
lure. which would have an effect on much affected by seasonal varimions to two years before lhat court hears 
ThomtoJI's rights. Fort Collins also in pn:cipitation." Brown said. lhe appeals. 
ha.s senior rights to those held by On a\'erage. the court detcnnined I Thornton began in\'estigating r 
Thornton. TI10se effects will only be that lhc annual consumptive pse or sources for additional water in lhe 
knownovertime.''Wilkinsons.lid. the water applied 10 the Thornton early 1980s,andin 1985and J986the 

Bill Brown, a Fort Collins attorney farms is somewhat in excess or city pun: based 21.000 acn:s or farm­
who represented lhc Cache Ia Poudre ,.14.000 ncrc-ree~ land in Weld and Larimer counties. 
Water Users Association in the court ''Thornton contends that it will re- along wilh the water rights to lhat 
ca<e before Behrman, said there is C'Cive a firm annual yield in the area I land. It owns about half lhe rights to 
mon: to Thornton's project lhan just of33.000 acre-feet. '11ti5 is more than the Water Supply ru1d Storage Co. 
lhe conditional rights. 18,000 acre-feet a year mon: lh3111he The ch311gc or use trial was con-

"Wbat Thornton tcnns as the b:lck- transferable coosumpti,•e use amount ducted in 1991 311d Bebnnan issued 
bone or its project is the change of from the farms.'' Drown said. "AI- his decision in 1992. 
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Glen Canyon ~eleas e s range from ),000 to 31 J5 0 cfs . ~iYer 

community is-range from gTQQQ- ;e ~000 to-18, 00 cf s f r 
l evel chan~es up to 13 feet; and desire of ~nvbirlnment~l ] 2 

ope rat i on of dam. iJ l I I 1 \
3 

4
5

J Geln Canyon Dam generates 44 megawatts f or ever¥ 1 OOOJ c f s of 14 
water. It produces 5, 000 gi gawatts hours e ~ch y ar an an li s 

--~--~---a-n~n-u--a~~l~n~c~o~m~e~o~~~~o~~~m~~~l~o~n-.~----~~~_,~~~~ ~~~~~~~~~'1 

Lloyd Gr e iner - of WAPA says the proposed opera t ing range f 8,000 I 6 

to ~5 25, 000 c.f.s would r ed.uce income by $15--tJmillion. j1 I 7 

I s sue surfaced when Bof Rec proposed rewinding t he turbines at dam 1
8 

ana increaslng releases 0 J),OOOCfs. - I I 
Water can be deliver ed downstream in many release patterns. 9 9 
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WATER EQUIVALENTS TABLE 

1 cubic foo t .... . .. 7 .48 gallons ... . . . . 62.4 pounds 

1 acre-foot ... 43,560 cubic feet . . 325,829 gallons 

1 cub•c foot/seco n d l cfs l ....... 449 gallons/minute 
1 cfs . . . .. .. .. . . . . . ....... . ... . 646,272 gallons/day c For 24 hours ........... 1 .983 acre-feet 

For 3 0 days . . . . . . . . . . . . . 59.5 a cre -feet 
For 1 year .. . . . . ..... . . . .. 724 acre-f eet 

1 million gallons . . . . . . . . . . . . . . . . . . . . . . 3 .0 7 acre-feet 
1 millio n gallo n s/day l mgdl .... 1 .1 21 a c re-feet/yea r 

1,0 00 gallons/m•nute lgpml .. . .. .. . .. .. . .... 2.23 c fs 

1,00 0 gpm .... . ............ .. .. 4.4 2 acr e-feet /day 

. 

1 cubic toot 00 
00. 00 00 00 00 00 ••• 7.48 gallons . 00 00 • 00 00 00 • 00 • 00 62.4 pounds ot water 

1 aero-toot ....... .......... . . . 43,560 cubic toot ...... ........... . 325,900 gallons 
An acre-toot covers 1 acre of land 1 foot deep 

JC5<-g-" ... '(l-.....-:.:.. I·' C<c..$i 
1 cubic toot per second (cis) ..........• ..... ... . . ..... .... . 450 gallons per minute 
1 cts .. 00 

•• • •••• 00 ••••••••••••••••••••••••••• • ••• • •••••• 646,360 gallons per day 
1 million gallons .. ..... . .............. ..... •. . 00 00 ••••••••••••••• 3.07 acr&-toot 
1 million gallons per day (mgd) . 00 ••• 00 00 ......... 00 ••••• • 1,122 acre-toot per year 
~-000 gallons per minute (gpm) . ..... 00 ••••••••••• 00 •• ••••••••••• ••••••• 2.23 cis 
,000 gpm 00 

•••••• • ••••• 00 ••••• •••••••••• ••• 00 ••• ••• •••• • 4.42 acre-feet per day 
AllOt per 1,000 qallons ... . ... 00 ...... 00 00. 00 00 ........ 00 ••• $32.59 per acre-foot 
Irrigated Colorado Land .. . . .. .... .. . .. . . . •.. . . .. .. . .... . .... . . 2,895,000 acres 
Colorado Average Rainfall per year ...... . ........ .. ............. . .. .. 16/nchos 
Average Yearly Runoff In Colorado . ....... . ....... . ..... . ... 16 million acre-foot 

..:.. V.LU... ·~ An ~CJe·too t supplies a family ot S~r 1 year .:2..-l........t'<.l....... 
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A cubic foot per second is the basic measurement of flow­
ing water, 7.48052 gallons, 646,317 gallons in 24 hours, 
235,905,679 gallons or 724 acre-feet in one year. 

An adult needs two quarts of water 
a day in food and drink; a family of 
two adults and two children needs six 
quarts a day or 547.5 gallons per year 
to survive, but uses about one-acre 
foot or 325,851 gallons, lhlee to four 
gallons per toilet fiush, 30 to 40 gal· 
Ions per bath, five gallons per minute 
for a shower, up to 10 gallons to wash 
dishes, up to 30 gallons per washload 
of clothes plus washing the car, waste 
disposal, fire fighting and a host of 
other desirable, but not critical uses. 

One acre·foot of water is 
needed to produce: 

$87 wol'th of wheat 
$1,715 wol'th of steel 
Z,Z81 banels of shale oil 
15,108,143 sta.ndal'd cubic 
feet of Lurgi. coal gas 

A miner's inch is, 
.02 cubic teet per second 

A water inch is, 
175 gallons per minute 

At a penny a gallon, one-half of one percent of the price 
of milk, an acre-foot would cost $3.258. However, an acre­
foot now ranges between $3 and $20, but may eventually 
reach $300 to $500. 

A gallon = 8.34169 pounds • A cubic foot = 624 pounds 
In one r«ent yen, the Colorado River system with its now 
of approximately 13,100,000 acrt·feet served more than 11 
million people in seven states. 
{Figures are offere d for relative comparison and may vary with 
different processes and technological advances.) 

l'_ COLORADO RIVER WATER * CONSERVATION DISTRICT 

-~984 GLENWOOD SPRINGS. COLORADO 
lOJI94S-8577""0 lOX t11D'I1601 
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- SNOWMAKING WORKSHOPS 

Snowmaki ng: 
Is It Adequate? 

Expanding and/or upgrading a snowmaking system 
requi res a series of steps before the job gets underway. 

An analysis may reveal some surprising shortfalls. 

The question used to be: does your ski 
area have snowmaking? Today, the 
question is: do you have enough 
snowmaking of the right type, in the 
right places in adequate amounts to ac­
complish your objectives? 

The importance and adequacy of 
snowmaking are becoming primary in 
most area managers' thinking. At the 
same time, many snowmaking systems 
are older and/or inadequate. The need 
for expanding and/or upgrading snow-
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by James B. VanderKalen 
President, Snow Machines Incorporated 

making systems is manifest. 
An orderly series of steps leading to 

changes in a snowmaking system is 
essential. 

Before expanding/upgrading a snow­
making system, an up-to-date and ac­
curate inventory should be done. This 
should include good drawings of loca­
tions and sizes of pipes, hydrants and 
electrical sources on trails, as well as 
pump house details. Pump and com­
pressor specifications, number of hoses 
and sizes, number of guns and capac­
ities (usually measured at 20° F) and 
recorded results over the years should 
also be inventoried and cataloged. 

An accurate inventory will generate 
the next step leading to optimizing the 
present system. But first, several ques­
tions must be answered. What are the 
constraints? Are pumping, piping, com­
pressors, hoses, guns, electrical source, 
water source and valving adequate? 
Does noise level need to be considered? 
Which one is the main constraint? If 
this constrai nt were removed, what 
would be the next constraint? 

This process usually requires careful 
analysis of engineering data as well as 
an analytical approach. Some examples 
of constraints are pumps pumping 
against each other, trying to put 600 
gpm through a 2-inch valve, and 100 
gpm guns being run on 3/4-i nch hoses. 
Such constraints are usually obvious 

upon a careful analysis of the inventory 
and operating results. 

The next step is to determine which 
trails are to be covered, how deep, how 
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fast, at what average snowmaking 
temperature and at what noise level. A 
careful analysis of these objectives will 
then define the specific expansion and 
upgrading that needs to be considered. 
An example might be 100 acres with 10 
inches of snow at an average snowmak­
ing temperature of 20°F in 100 hours. 
This would be 10 acre-inches of snow 
per hour or roughly 2,000 gallons of 
water per minute converted into snow. 

SKI AREA MANAGEMENT 



night in winter. Clifford says, "There are 
60 to 70 dryland ski schools with just a 
rope tow and some matting where they 
can work on their skiing, so they can 
enjoy it more when they get to the Alps, 
where they traditionally ski. They like the 
U.S., and they know about our ski ing. 
The English have heard about Aspen, 
but they don't know where it is; they 
know Aspen has a different experience 
from Vail and that Jackson Hole, for 
interest, is more open than both of 
them; they know about our luxurious 
accommodations and also have heard 
about Utah's powder and, of course, 
they know a lot about New England. 
They're keen on the U.S., but now they 
need to know more now ... " 

Adding increased media exposure 
during the past year is like the third leg 
on a stool for Ski USA, according to 
Clifford. "We've worked with a tour oper­
ator, The American Dream, and Ameri­
can Express has been very helpful fn 
trying to network us in with them and 

Killington saw upwards 
of 600 skiers from the 
U.K. last winte" up 
about 200 percent in 
the last couple of years. 
expand our contacts. Now," he says, "by 
adding the media, we're in our best 
shape over there." He says Killington 
saw upwards of 600 skiers from the U.K. 
last winter, up about 200 percent in the 
last couple of years. "I think 10,000 
skiers from the U.K. (for all American 
resorts) is a high number, but I don't 
think it's unreasonable. A lot of them 
want to go to the West, but the big 
difficulty at this point is that there's no 
direct (nonstop) f light from London to 
Denver or Salt Lake City. If that takes 
place, we'll see a whole lot more of them 
over here." 

Mexico 
Carol Schmidt of Copper Mountain, 

Colo. says her approach to the rebound­
ing Mexican market is basically the 
same as elsewhere . . . only more. 
"We're still new to this market," she says, 
"but our concept for Mexico is pretty 
much the same as all of the other (for­
eign) markets. We hook-up with one or 
two major wholesalers to rep for us. In 
Mexico, though, we have two - one 
who handles Copper exclusively and a 
second one which also handles other 
American areas. 

"We help them with co-op dollars and 
are really putting our energies into this. 
Every major contact has come through 
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Ski USA; Bernie does the homework for 
us and we follow up on it." 

She adds, "In Mexico, we've found 
that the c lient relies heavily on what's in 
place, so we've started small and we're 
building. We get a few people to ski here 
and then they go home and tell their 
friends, and that keeps growing year 
after year. Our business was up dramati­
cally last year from Mexico and it's 
already way up for '88 ... and we're 
doing the same thing now in Argentina, 
which is very big in terms of families 
skiing." 

The major departure for Copper from 
this key-wholesaler approach, Schmidt 
says, is in Australia where the resort 
uses up to seven wholesalers. 

Australia 
"The Australian market is pretty uni­

que," says Bill O'Connell. "You have to 
sell them more than just snow and 
chairlifts." Adds Rene Meyer, president 
of Snowbird, "One of those Aussies is 
worth three from anywhere else." Three? 
"The Aussies come up here for about 
three weeks, on average, and they're 
good spenders, so we figure they're 
worth at least three skiers from any­
where else." 

One of the keys to tapping the market 
Down Under, O'Connell feels, is capital­
izing on the gregarious nature of Aus­
tralians. "They really like the idea of 
camaraderie," he says. "They have to 
feel like they're at home. They're fairly 
wealthy, but they really want their dol­
lar's worth, too, wanting $10 in value for 
every five they pay. You really have to fil l 
your program for them; if you make it 
easy - put everything in packages for 
them, they like it a lot." 

He credits aggressive marketing by 
Continental Airlines with spurring some 
of the growth in Australian skiers to the 
U.S. and overcoming the traditional loyal­
ties they have with Qantas, the national 
airline. "Qantas is difficult for us 
because it has very fi xed ways of doing 
things, but Continental came up with a 
$300 fare plus coupons to anywhere and 
return to Denver, which is an incredible 
deal." 

He adds succinctly, in a comment 
which all would agree with: "Hey, we're 
destination people and we live out of the 
seats of those planes. The airlines 
advertise, promote and help us." 

But the bottom-line, according to 
O'Connell, usually seems to swirl 
around that notion of friendship bet­
ween Yanks and the Aussies. "They real­
ly like us; they get along well and they 
relate to us. We do things in a big way 
and they really like that. 

"They copy us a lot Down Under, too. I 
(Continued on page 82) 

Foreign Travelers 
Coming in 

Record Numbers 
The cheaper dol lar brought 

foreigners to the United States in rec­
ord numbers this past summer. The 
declining dollar gives foreigners 
greater incentive to come here and to 
spend more on travel and shopping. 

Last year's record $250 bill ion 
spent by foreigners wil l be topped 
this year by about five percent, ac­
cording to the U.S. Travel Data 
Center. Although foreigners repre­
sent only about six percent of all 
travel spending in the U.S., their 
numbers have been more visible at 
all types of travel attractions. 

In fact, traver and tourism is one 
of the few sectors in which the U.S. 
has a trade surplus with Japan -
about $1 bill ion last year. With the 
rest of the world , however, the U.S. 
has a travel and tourism deficit of 
c lose to $9 billion. 

Attractions as diverse as Indepen­
dence Hal l in Philadelphia to Elvis 
Presley's Graceland in Memphis re­
ported record numbers of foreign 
visitors. Un iversal Studios in Los 
Angeles had 44 percent more foreign 
sightseers and Heritage USA in 
South Carolina (former province of 
Jim and Tammy Bakker) had in­
creased foreign attendance of 20 
percent. 

According to off icials at these 
sights, the dollar's weakness is one 
reason for the increase, but greater 
sales efforts abroad is another 
reason. Travel industry officials are 
also encouraging better understand· 
ing of the foreign t raveler and his or 
her needs. 

Canada sends more of its citizens 
to the U.S. than any other nation, ac­
cording to the U.S. Travel and 
Tourism Administration. Following 
Canada are: Japan, Great Britain, 
West Germany, Mexico, France, 
Italy, Brazi l, the Bahamas and 
Australia. 

The declining dollar is keeping 
more Americans at home for travel, 
according to travel organizations. In 
addition, Congress voted to begin 
daylight saving time early this year. 
That may have brought more visitors 
because people prefer to travel 
when there is more daylight. 

- J. N. 
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Calcula~ions such as these lead to a 
consideration of the availability of 
basics, such as water, energy and 
money. For examp.le, more water might 
be available through recovery. That is, 
20 gpm recovered for six months re­
sults in 5,000,000 gallons or 30 acres of 
12-inch cover or 360 acre-inches of 
snow. If one of these basics is limited, 
a recycle of the objectives process 
described is undertaken. 

Assuming the present system can 
be optimized, the objectives are 
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realistic and the basics are available, 
the next step is to integrate all these in­
to a detai led program and plan. This in­
cludes defining alternatives - a basic 
one being whether to choose air/water 
(high pressure) or fan (low pressure) 
guns or a mixture of the two. Con­
siderati ons include capital costs 

Some of these Rules are general and 
should be used only to scope a project. 
Detailed engineering before implemen­
tation is urged. 

• 325,000 gallons of water is an acre­
foot of water. 

• 162,000 gallons of water wi II make an 
acre-foot of snow. 

• 20 gpm collected for 6 months is 
5,150,000 gallons. 

• An acre is 208 feet by 208 feet. 
• Pond liners usually cost less than 30 

cents per square foot. 
• 7.46 gallons of water per cubic foot of 

water. 
• 1 gallon of water weighs 8.33 pounds. 
• 1 horsepower is .746 kilowatt but 

calculation at 0.9 is more realistic. 
• At snowmaking temperatures, at 100 

PSI and at sea level, about 4.2 CFM 
per compressor horsepower is 
realist ic. 

• Most snowmaking suppliers use as a 
base for calculation 20° F (-JOG) and 
65 percent relative humidity for 
system design. 

• At 20° F and 65 percent relative 
humidity, an air/water gun might use 
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(materials and installation), operating 
costs (fan guns are usually 80 percent 
cheaper to operate than air/water guns), 
noise levels (here again fan guns are 
usually 15 to 20 decibels quieter than 
air/water guns) and others. 

The next step is assembling re­
sources. This means a detailed design 
including a bill of materials, a definition 
of who will be responsible for what, who 
will do what and where the money will 
come from (cash flow, loans, bonds, 
leases or a combination of these). 

Assuming all the above is properly 
done, successful projects have two ad­
ditional elements. The first element is 
that one person is clearly in charge, 
dedicated, motivated, with authority 
and the time to do the job. The second 
is, "Get in , Get on, Get out" (con­
tractors' rule for successful projects) . 

An example of the overall process is 
illust rated by a successful ski area in 
the Western United States. The area 
had: 

3000 CFM Compressor, 
500 GPM Pump, 
7500 Feet of trail covered and a 

limited water supply. 
The perceived needs were a 150 per­

cent increase in trail footage, increas­
ed water supply, a limited energy supp­
ly and a severe noise constraint on 
some of the trails to be covered with 
new snowmaking. By following the 
above procedure the actual needs were 
found to be: 

SOME RUlES OF THUMB 

a 10 to 1 CFM to GPM ratio. 
• At 20°F and 65 percent relative 

humidity, an air/water gun might pro­
duce 0.4 gpm/horsepower (air). 

• At 20°F and 65 percent relative 
humidity, a fan snowmaker might pro­
duce 2 gpm/horsepower. 

• Pump HP = 
(GPM) x (TDH) 

4000 
X 75% 
(pump 
efficiency) 

GPM = Gallons/Minute 
TDH = Total Dynamic Head (height 
of water in feet) 
2.31 TDH = 1 PSI 

• Water pipe = 
4" up to 400 gpm 
6" up to 600 gpm 
8" up to 1,400 gpm 

10" up to 2,000 gpm 
12" up to 2,800 gpm 

PSI Drop/100 ' 
3.68 
1.02 
1.28 

.808 

• Air Pipe = PSI Drop/1000' 
4" up to 1,000 CMF 2.21 
6" up to 2,500 CFM 1.57 
8" up to 4,500 CFM 1.19 
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250 percent increase in trai l footage, 
if possible, 

Utilizat ion of all pumping capability 
at higher snowmaking temper­
atures, 

Additional water supply, 
Increased pumping capacity, 
Fan snowmakers. 
Again, following the procedure, the 

actual results were: 
All snowmaking trails covered by 

December 15, 
Almost unlimited water supply, 
Utilization of all existing pumping up 

to 2JOF, 
Energy requirements up less than 10 

percent, 
Noise levels most acceptable to 

neighbors and employees, 
Some of the best skiing ever. 
A systematic logical approach to up- --­

grading and/or expanding a snowmak-
ing system can pay big dividends. • 

10" up to 10,000 CFM 1.77 
12" up to 16,000 CFM 1.75 

• Typical compressor will cost $40 to 
$50/CFM installed - or $160 to 
$200/HP. 

• Typical fan snowmaker wi ll cost $500 
to $1,000/horsepower. 

• Water hydrants = up to $225 for 1112 
inch. 

• Air hydrants = up to $100 for 11/2 
inch. · 

• Elect ric stat ions = up to $350 for 30 
amp, up to $475 for 60 amp. 

• Nominal electric wire cost = 4 wires 
under $2.25/foot. 

• Nominal prices = 
4" pipe 
6" pipe 
8" pipe 

10" pipe 
12" pipe 

$ 2.00-$3.00/foot 
$ 3.50-$ 4.50/foot 
$ 5.00-$ 6.00/foot 
$ 7.00-$ 8.50/foot 
$1 0.00-$11.00/foot 

• Quantity of water/100 feet of pipe = 
4" 65 gallons/1 00 feet 
6" 147 gallons/100 feet 
8" 261 gallons/100 feet 

1 0" 408 gallons/1 00 feet 
12" 587 gallons/100 feet 
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Commitment 
Can Be Created 
Employees accomplish goals, but it's the boss 

who sets up the environment and reinforces behavior 
to accomplish the job to be done. 

by Cathey L. Bernhard 
President, Be.rnhard and Associates 

It is obvious that for managers to ac­
complish their goals, employees must 
be committed to the work at hand. 
Committed employees produce fewer 
maintenance problems, less down 
time, better safety records, stay in the 
job longer, save the company money 
and enjoy work more. 

Commitment can be created, but 
management must provide the proper 
environment. This can be accom­
plished through a process that includes 
understanding factors such as how to 
be a "best boss," how well the com­
pany's vision and goals are understood 
and how effectively employees' good 
work is recognized and rein forced. 

The Difference 
Most corporate executives know the 

differences between their company 
and others isn't just equipment and 
machinery. Anyone with money can 
buy hardware. What is different is the 
quality of people. Some managers be­
lieve that their employees are inherent­
ly better than others or that it is money 
that motivates people. This may be true 
in some cases, but many people have 
great potential and are not primarily 
motivated by money. The trick is to tap 
that potential. 

Imagine the following scene. Two 
maintenance managers, Paul and Tom, 
are comparing the performance of their 
crews. 

Paul complains that his crew comes 
in half-awake and hungover. They take 
their time getting started, forcing Paul 
to push and yell to motivate them. When 
they do get going, it takes forever to get 
the maintenance done and then Paul 
isn't sure if it's been done properly. 
He's frustrated because his crew 
seems to do work just to get by; they 
don't seem to care about things the 
way he does. Paul is also afraid the 
crew will let something slide by during 
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inspection, or that an accident or shut­
down will occur and he will have to bear 
the responsibility. He knows that he 
and his crew are similar in ability and 
experience to Tom and his crew, but 
Tom and his men seem to accomplish 
more, faster and seem to enjoy their 
work. Paul wonders how Tom does it. 

Paul 's observations are correct. Tom 
is not having problems with his crew. 
His crew is responsible for getting 
things done right the first time. They 
don 't let little problems become big 
problems. Communication flows free­
ly and openly and they are proud of 
their work. They understand their goals 
and Tom uses frequent opportunities to 
reinforce these goals. The result for 
Tom is less turnover, less absenteeism 
and almost no employee complaints. 
Tom and his crew are meeting their 
goals and their safety record is nearly 
perfect. Tom is the first to acknowledge 
that his successes in managing his 
team are not the result of unique fac­
tors. On the contrary, he perceives his 
team to be ordinary, bright, hard­
working guys. The difference, Tom 
knows, is "commitment." 

What Tom in this scene has learned 
is how to tap his people's talents by 
getting their commitment. Managers 
who have crews who care are able to 
produce results such as: 

• Lower down-time and less repeat 
maintenance, 

• Reporting and solving little prob­
lems before they become big 
problems, 

• Fewer employee relations 
problems, 

• Lower employee turnover and less 
absenteeism, 

• Higher quality work completed 
faster and with a better safety 
record , 

• Employees acting more respon-

- . v 

sibly and goals being "}et, 
• Customers are more sat isfied. 
These skills that Tom knows have 

been achieved by companies that have 
trained their managers and supervisors 
in the methods of obtaining commit:_. 
ment from their staff. For example, 
Breckenridge, Colorado experienced 
the following changes: 

0 Mid-season employee turnover 
reduced from 20 percent to 8 
percent. 

0 End-of-year turnover reduced 
from 55 percent to 15 percent. 

0 During this same period, the 
1983-84 ski season, skier days in­
creased 18.5 percent - more 
than any other Colorado ski area 
that year. 

0 Shop and restaurant owners in 
the resort reported customers 
commented how nicely they were 
treated on the mountain - a 
change from their previous 
experience. 

0 This program worked so well, the 
Aspen Skiing Company (parent 
company of Breckenridge) in­
stalled the program in their lift 
department. 

What Is Commitment? 
What companies like these and 

managers like Tom have learned is that 
employee commitment is crit ical to the ' 
successes of their organizations. They 
realize that people have a natural desire 
to be committed to something, to be in­
volved and to productively use their 
skills. Tom and others recognize this 
and have learned how to tap into this 
natural desire. 

Committed employees are will ing to 
complete tasks and not let things slide. 
They are willing to go the extra mile 
without complaining. They see some 
thing that needs to be done and they do 
it without waiting to be told. They act 
responsibly. Doing things that aren't 
specifically in their job description, like 
picking up trash, comes naturally. They 
understand their company and depart­
ment goals and are focused on achiev­
ing them. 

Creating this commitment is primari­
ly the manager's responsibility and is 
a function of what the manager does. 
Managers who clearly share vision and 
goals, and who reinforce positive be­
havior create commitment in their 
employees. 

Creating Commitment 
As managers, most of us are able to 

obtain some level of commitment from 
employees. Too often it works for a se­
lect few, but not for the majority of 
employees; and, it works wel l when 

(Continued on page 78) 
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conveY(' >r 1 n to a rail car. Rec lama t1 on for under­
ground mines involves permanently disposing of the 
spoils mined along with the coal and of the material 
removed to gain access to the seam. These waste mater­
ials are usually stabilized with lime and deposited in 
sealed landfills. 

Coal-Fired Steam-Electric ~ Plants. The coal­
fired power plants analyzed are the common steam-electric 
~ype. An overall efficiency for the plant of 34 percent 
1s .assumed, including environmental controls. These 
envtronmental controls include a wet limestone scrubber 
for fl~e-gas desulfurization (FGD) and an electrostatic 
precip1tator for particulate removal. Because of ther­
modynamic limitations, almost two-thirds of the heat I/"' 
genera ted in a power plant boiler must be dissipated. 
For the basic plant, it is assumed wet cooling towers 
~ould be used to dissipate the heat by evaporating water 
1nto the atmosphere. To examine the sensi ti vi ty of 
impacts to the cooling technology, a wet-dry cooling 
system is also examined. 

High-Btu ££!! Gasification. Two high-Btu coal gasi­
fication processes are considered. The Lurgi process 
was selected for study because it is a presently avail­
able commercial-scale technology. The Lurgi gasifier is 
in commercial operation today in South Africa. The 
Synthane process was selected as representative of a 
number of second-generation processes which could be 
commercially available by 1985 to 1990. 
. In high-Btu coal gasification, coal is transformed 
1nto gas by heating it in the presence of oxygen and 
steam to produce carbon monoxide and hydrogen. This 
mixture of gases is then upgraded to create synthetic 
natural gas (primarily methane) in a separate reactor 
using a catalyst. Water is used in these facilities both 
for the gasification process and for cooling. As with 
the steam-electric power plant, it is assumed wet cool­
ing towers would be used in the basic plant, but wet-dry 
and all-dry cooling are also examined. 

££!! Liquefaction. Coal liquefaction processes are 
at an earlier stage of development than gasification 
and ther~fore data on liquefaction processes are some_: 
what 1 imt ted and uncertain. The liquefaction process 
considered in this study is the Synthoil process devel­
oped. by the Bureau of Mines.2 Water is used both for 
cool1ng and as a source of hydrogen for the process. 

·; 

·i 
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Coal Transportation. Two options for transporting 
coal---aTe analyzed: unit trains and coal-slurry pipe-
1 ines. For the purposes of this. water study, only the 
slurry pipeline is of interest s1nce train transporta: 
tion involves negligible amounts of w~ter. I? a coal 
slurry pipeline, the coal is pul~ertzed, m1xed with 
water, and pumped through a pipel1ne. Approxim~tely v­
equal parts (by weight) of ~oal and water are ~equ~red;, 
It is assumed that the carry1ng capacity of a typ1cal 
coal-slurry pipeline is 25 million tons per year (MMtpy) 
of coaL 

Oil Shale Development Technologies 

The technologies considered for developing oil sh~le 
are underground oi 1 shale mining and surface retort1ng 
using the TOSCO II process, and modified in situ reco­
very using the Occidental process. 

Underground Oil Shale Mining. Conceptually, under­
ground oil shale mining is similar to underground coal 
mining and most frequently uses the room-a~d-pillar 
method. Compared to coal mines, however, 011 shale 
mines are very large, with roof heights of as great as 
60 to 80 feet. These large rooms are mined in two 
zones. The top zone is mined with equipment extract~ng 
the shale from the wall (or face) of the resource, wh1le 
the bottom zone is mined by extracting the shale from 
the floor (or bench). Large front-end loaders are used 
to load the mined shale into trucks which transport it 
to a sizing and crushing facility. Because of the enor­
mous size of these mines, equipment more commonly ~een 
in surface mines, such as large trucks and drill rtgs, 
is used. A schematic drawing of an underground oil 
shale mine is shown in Figure 1-2. 

Surface Oil Shale Retorting. TOSCO II is the surface 
retorting process:iSSumed. In the TOSCO II retort, one­
half inch diameter ceramic balls are heated to about 
900°F and then put into the retort with small pieces of 
raw shale. The retort vessel is then rotated so that 
the balls heat the shale by contact and, at the same 
time crush it to a powder. The oil is collected, and 
the pulverized spent shale is separated from the balls 
with moving screens and carried away for disposal. A 
low-Btu gas also is generated; it is collected and used 
as a fuel in the heater for the ceramic balls. 

Because the energy content of shale is relatively 
low (only about 25 to 35 gallons of shale oil can be 
extracted from a ton of ore), a large quantity of spent 
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Let's look to beavers for welter storage help 
Editor: 

Much too often.grand solutions 
. go ir). search Of problems." Referen­

dum A now pla~ed on Colorado's 
ballot for this fall would authorize 
c;:r~tion of $2 billion in deb~ for 
doing something to store rqore 
water in Colorado - the "for what's, . 
when's, how's, and espedal,ly why's". 
remain to be determined. We are 
simply told Colorado must store 
more ·water or .lose it to down-
stream states. . 

However, the-easiest traditional 
water storage.pr_ojects have already 
been built Fr.om toi> to bottom, 
flows in most of Colorado's streams 
~e already over: committed or ap-

proprjated. Five major rivers 
have. their headwaters in Col­
orado but much of their flows 
must be delivered to down­
stream states. Colorado is already 
water limited. For example, some 
25 years ago the Exxon Corpora­
tion was planning three pipelines 
to bring 1 million acre-feet ~f ~at~r 
a year from the Missouri River at 
the Nebraska border to Grand 
junction for oil shale development. 

·Locally, recent estimates for tra­
ditional new storage projects are 
$8,0QO to $12,000 per acre-foot of 
stor;ige capacity. At these costs, the 
$2 billion would provide 250!000 
acre-feet to only 170,000 acre-feet 

--~: 
::::::---_ -----~- ·c -::::-.. - ··- .. ..... . -~v-- -.. .__ -

of storage. Such water storage is 
simply not affordable for many of 
Celorado's uses and users. 

Perhaps the problem needing a 
solution is to simply slow down the 
flow of water through. Colorado. 
Slowing the flow, especially during 
spring runoff, allows a little more 
time and opportunity to use this 
water- in stream and out of stream 
- before it leaves the state. When 
water remains lo1.1ger within. Col­
orado, it provides lat~ summer and 
fall ~ea~on flows with particular 

Rental Bikes on S·ale N·ow! 
Mountain Bikes • Kid's Bikes.• Townies ' . 

Lights • Tag-a-Longs • Burleys 

benefits to agriculture, fishing, 
wildlife habitat, and· rafting. 
These and other uses cannot 
qr do not pay much for water. 

BEST- Beaver Enhanced Storage 
Technology - was pioneered many 
years ago. Beaver dams .create 
ponds, wetlands, and recharge for 
adjacent' aquifers. In. combination 
these act as spenge$ to store and 
hold back water during peak spring 

-runoff and then release it gradually 
during the rest of the year. Research 
at the University . of Wyoming 
found flows through degraded wa-

. tersheds could be restored and 
streams brought .back to life with 
the 'introduction of beavers. An:d, 
the beavers could create waterstor­
~ge capacity at about $11 per acre- · 
foot in the late 1980s. This cost was· 
mostly for installing the m~ for 
careful moni~ming of the beavers' 
progress. The four-footed engineers 
did. the construction, sometimes. 
with initial provision of materials 
and food. 

-Beavers ·once had built and main­
tained water storage, and its bene­
fits, from the East to West Coasts · 
and from north~ Canada to the 
Gulf of Mexico, were clear. Then, 
they w~e almost. entirely eliminat-

. ed by the fur trade. We knew 
beavers will cut qown trees when 
available for ·dams. We have 

Colorado has thousands of miles of 
small streams at upper and mid­
level elevation$. Our- state has 
many hundreds, if not thousands, 
Qf now usually dry draws where 
beaYer dams once stored water. 
Restoration of beavers to water­
shedS to build dams and ponds 
within stream banks and thus re­
store watersh~ would offer many 
benefits to Colorado far beyond 
simply water storage. 
. At a pr~ent cost of $40 per acre­
foot of capadty ·created, about 
1,500,000 acre-feet of water storage 
could he achieved for $60 million 
with BEST. Some of this present 
cost would be for working with 
beavers to avoid their project con­
flicting with road culverts, irriga­
tion ditches, landscaping, etc. This 
is. known as mitigation. Extension 
services at many state universities 
and information at other websites 
acros,s the country offer many prac~ 
tical solutions for working produc­
tively with beavers. 

Passage· of Referendum A for $2 
billion in debt isn't yet needed for 
Colorado's water future. Creating 
1.5 million acre-feet of storage ca­
pacirj with BEST offers so much 
more capacity than Referendum Pis 
proponents'have in ~d and at 
$60 million this is already so much 
more "doable.,· Coloradans should· 

learned recently that when trees are. start with the very BEST for their 
not available and especially along water future. 
streams a! lower elevations and in 
the southern states, beavers use 
willows and grasses to build dams. 

Respectfully, 
Ralph (Butch) Clark 



Let us b~ild your next project for: augmentation; 
fishing hole~ stock watering; water fowl, shore and 
song birds; sediment control; wetlands; and fire protection . 

. We provide: s.ub-irrigation; riparian restoration;· 
soil and water conservation; flood control;· 
sediment trapping; water quality improvement; 
and habitat diversity. · ~· 
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Aquifer may quench water district's thirst 
Study shows underground storage 
could be more efficient than dam 
By Mary Ann Lopez 
Herald Stall Wrirer 

Storing water underground may 
be a viable option for tire La Plata 
Water Conscrvan.cy Dist rict. 

Preliminary results of a district 
study under way since April 2001 
show that using an underground 
aquifer may be an cn·cctivc and less 
expensive method of holding water 
for long-term usc, board member 
and state Scrr. Jim Isgar, 0-Hcspc­
rus, said Tuesday. 

An aquifer is an underg round 

lllyer of earth or stone Lhat yields 
water. T ire Rcdmcsa aquifer natu­
rall)• stores and drains water down 
into the Lower Long Hollow, an 
area the district also is considering 
for a dam. Storing water in the 
aquifer will help in both good and 
bad years, Isgar said. 

"h 's like putting money in the 
bank. You don't know when you' re 
going to need it, but it's better to 
have it," lsgar said. "It is cheaper to 
store water in the aquifer than it is 
to build a bigger dam ." 

T he study will not be completed 

·. 

until j une because Wright Water 
Engineers, the company conduct­
ing the study, was asked to continue 
its work through the dry year, said 
Eric Bikis, the company's vice pres­
ident. 

Bikis updated board members 
on the study at Lhc disLrict 's meet· 
ing Monday night at Fort Lewis 
Mesa Elementary School. 

The La Plata Water Conservancy 
board received $440,000 from the 
Colorado Water Conservation 
Board in 2002 for the study. While 
waiting for the fu nding, it request­
ed a SGO,OOO loan from the South­
western Water Conservation Dis­
trict to get the time consurtring 
study under way, lsgar said. 

The hydrology study was needed 

to determine how large the aquifer 
is in size, where it is located and 
where it would be feasible to put 
water into it , Isgar said. 

An interim report to the board 
addressed the amount of water 
believed to be in the aquifer today 
and how much water it can hold, 
Bikis said. 

It is estimated that in j une 200 I 
there was I 65,000 acre fee t of water 
in the aquifer, he said, adding that 
the estimate was taken during a 
high-water period. During a low­
water period the amount decreased 
only a few thousand acre feet. 

The maxiriwrn amou nt of water 
the aquifer is able to hold would 
be about 200,000 acre feet, but 
how that storage and wi thdrawal 

might affen the Lower Long Hol­
low needs to be determined , Bi kis 
said. 

Bikis recom mended that the 
aquifer and area wells be moni­
tored to see how the drought 
affected their levels and also to try 
and understand the way water 
moves through the aquifer to dif­
ferent poin ts. Using a tracer added 
to water it is possible to gauge its 
traveltime through the aquifer. 

"The hydrology study gives us 
infom1ation on that aquifer: how 
fast the water moves from there, 
how much it will hold and how 
we'll need to feed it," lsgar said. 

T hrough management of the 
aquifer, storage can be increased 
without relying on darns, he said. 

When there is excess water it can 
be put in the aquift;r rather than ~ 
being left to flow downstream. 

"It 's pretty simple that we. 
shouldn't be sending the water .. 
down the river when we can store 
it," board President Brice Lee said. 

As water flows out of the aquife r 
and back down toward Lower Long 
Hollow, a dam wi ll be there to meet · 
flows , thereby acting as another 
storage tool that wi ll also assist 
water delivery to New Mexico. · 

"Instead of excess water going to · 
New Mexico in the win ter, we'll be · 
able to store that for times 1vhen we · 
need to make compact deliver)':" 
lsgar said. 

Rt(lr/r Staff \\lritfr Aim)' A"" LojJl'l 
at maryann@durangoherald.com. 
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WATER TRANSFERS IN TH:\EST 

ASSESSING WATER TRANSFERS AND THEIR EFFECTS 

'o identify and study the impacts of water transfers on third par­
the committee developed a strategy to assess the characteristics of 
;fers and transfer opportunities. In particular, the type of transfer, 
1ary motivation and process used, affected parties, and nature of 
~ffects were examined (Table 5.1 ). These factors were used to 
1ine the nature of transfer activity in seven western areas: 

• Truckee-Carson basins in Nevada 
• Colorado Front Range-Arkansas River Valley 
• Northern New Mexico 
• Yakima basin in Washington 
• Central Arizona 
• Central Valley of California 
• Imperial Valley of California 

The case studies strive to (1) identify the incidence of third party 
:ts, (2) identify those effects that were pervasive· and those that 
e unique, (3) understand both the nature and the causes of third 
y effects, and (4) understand the actions available to mitigate or 
edy any harn1ful effects. The committee's objective was not to 
~e the desirability of actions taken or not taken in a particular 
· Rather, the committee used the analyses to highlight broad 
ons about the nature, scope, and impacts of water transfers in 
eral and to develop suggestions for improving the processes used 
valuate and regulate water transfer activity. 

THE ROLE OF LAW IN THE TRANSFER PROCESS 

Because water is seasonally and geographically limited in the West, 
ouraging the productive use of water has always been a key poli­
)bjective, from the days of the Anasazi to the present. Water use 
he western United States, as in virtually all arid societies in the 
rid, is regula ted under rules designed to achieve broad public 
1efits. The prior appropriation doctrine-which gives the earliest 
r the right to take water from a stream and put it to "beneficial 
" and to continue such use-was adopted during the settlement 
as a way to allocate water so that it met both private needs and 

;er societal goals. 
As western economies matured, the water rights system proved 

lptable to increasing and competing demands. The key to adapt­
Jity was that water rights were not restricted to use on a particular 
reel of land or to a specific type of use. In principle, rights could 

luMMARY 
~-·· 

TABLE 5.1 Factors to Consider When Assessing Potential Water 
Transfers 

Type of Transfer 

Change in ownership 
Change in point of diversion 
Change in use 
Change in systems operation 
Out-of-basin diversion 

Primary Process for Transfer 

Voluntary 
Involuntary 

Primary Market Forces for Trausfer 

Government 
Local 
State 

Executive 
Legislative 
Judicial 

Federal 
Executive 
Legislative 
Judicial 

Affected Parties 

Rural communities 
Support services 
Erosion of tax base 
Loss of natural resource base 

Agriculture 
Remaining water users 
Reallocation of rights 

Ethnic communities and Indian tribes 
Ethnic communities 
Indian communities 

Agricultural maintenance and expansion 
Other 

Environment 
lnstream flows 

Recreation uses 
Fish and wildlife 
Hydroelectric power 

Water quality 
Damages to water USl'rs 
Human health 
Ecosystem effects 

Ecosystem protection 
Endangered species 
Wetl,mds 
Riparian habitat 

Estuaries 
Urban interests 

Intrastate transfer constr.lints 
Tax-exempt status ch.1ngcs 

Federal taxpayers 
National economic concl.'rns 
Windfall profits 

Other water rights holders 
Junior rights 
Senior rights 
Loss of flexibility 

NaturL' of Effects 

Economic (national/regional) 
Lost revenue 
Lost opportunities 
New revenue 

Environmental 
lnstream/fish .md wildlifl.' 
Recreation 
Water qu.11ity 
Wetlands 

Social 
Rural communitit'S 
Municipcllities 
Otlwr 

7 



WATER TRANSFERS IN ~E WEST 

liberations. This broad participation is necessary because water is 
unique resource, different from other commodities, and markets 
.)ne cannot accurately reflect all the relevant values of this resource. 

The focus of this report is on third party interests that are not 
fficiently included in existing water allocation processes. This re­
lrt characterizes the range of existing nonproprietary third party 
terests and describes the ways in which current water allocation 
stitutions accommodate these interests. In addition to providing 
is general analysis of third party effects, the committee has exam­
ed a number of areas in the western United States where water 
:1nsfers are occurring, or may soon occur, in an attempt to identify 
taracteristics common to water transfers and to obtain firsthand 
\Owledge about when they are considered "positive" and when they 
e potentially harmful to third parties. A comprehensive assess­
ent of benefits and costs of water transfers is premature, because 
ansfer theory exceeds transfer practice; thus the committee does not 
nder definitive judgments about the role that water transfers should 
ay in the future of western water allocation and how third party 
fects should be weighted by decisionmakers. Rather, the commit­
e both acknowledges the merits of water transfers as a mechanism 
,r meeting new demands and recognizes the legitimacy of a wide 
nge of potentially affected third party interests in the transfer pro­
~ss. 

The committee's basic conclusions are that allocation processes 
10uld accord third parties with water rights-and those without 
tern-legally cognizable interests in transfers and that states should 
~velop new ways to consider these interests. Water has never been 
located solely by markets, and market transfers are not an end in 
1d of themselves but a means to the end of a water allocation pro­
~ss that serves both private and public interests. 

An expanded set of criteria is needed to evaluate transfers and to 
xomn1odate the diverse and strongly held economic and cultural 
1lues associated with water use. Accordingly, in preparing this 
~port the committee recognized the relevance of both economic tech­
iques, which can be used to measure the value of water use and the 
)Sts of transfers, and other methods that permit more subtle and 
\tangible values to be considered. The committee approached its 
:udy of water transfers with an optimistic sense of the role transfers 
1n play in a new era of more efficient use. The committee con­
ludes, however, that judicious intervention in water transfer pro­
E!Sses will be necessary to avoid or ameliorate the adverse effects of 
Clme transfers. 

In evaluating third party effects, the committee assumed that 

SUMMARY 5 

• reallocation of water among uses will be a principal feature in 
a new era of western water management; increased conservation, in­
creased use efficiency, and improved reservoir operation also will be 
essential; 

• the general direction of reallocation will be from agricultural 
to municipal, industrial, recreational, and environmental uses; 

• water markets involving willing buyer-seller transaction op­
portunities will continue to expand; and 

• new formal and informal constraints on water transfers will be 
established until all parties are confident that the reallocation process 
includes consideration of all relevant interests. 

THIRD PARTY IMPACTS AND OPPORTUNITIES 

The term "third parties" is broad and includes everyone who is 
not a buyer or seller in a transfer negotiation. The general categories 
of parties who stand to be affected by transfers arc (1) other water 
rights holders; (2) agriculture (including businesses and farmers in 
the area of origin); (3) the environment (including instrcam flows, 
wetlands and other ecosystems, water quality, and other interests 
affected by environmental changes); (4) urban interests; (5) ethnic 
communities and Indian tribes; (6) nonagricultural rural communi­
ties; and (7) federal taxpayers. 

Third party impacts can stem from changes in the quality and 
quantity of water available for other uses, changes in the rate and 
timing of surface flows, and changes in ground water levels and re­
charge processes. Generally, these impacts are economic, social, or 
environmental in nature. Economic effects include impacts on in­
comes, jobs, and business opportunities. Social impacts include 
changes in community structure, cohesiveness, and control over 
water resources; such changes can occur in both rural and urban 
communities. Environmental impacts include effects on instream 
flow, wetlands and other ecosystems, water quality, recreational op­
portunities that are dependent on strcamflows, and wildlife habitat. 

Impacts can be both positive and negative, and assigning value 
to them is difficult. The underlying challenge of any process used to 
evaluate transfers is how to determine and balance equitably the rel­
ative benefits and costs. Techniques for measuring the impacts of 
water transfers are more precise for some types of impacts than 
others. It is difficult and unreliable, for instance, to apply eco­
nomic measures to those impacts that are not usually n1l'asured in 
market terms, including most social, political, and cn\'ironnwntal 
effects. 







WATER DEVELOPMENT 

P. 64 sale of water from South Park of Colorado: 

payment to Walt Coil by town of Aurora - ~2.3m for about 2000 aft 
of irrigation water, enough for 12,000 people for year; 

similar deal by Jim McDowell with city of Thornton, Colorado. 
Twin Lakes water in Arkansas Valley went from ~1100 a unit in 1974 

to ~7500 in 1980. 
Big Thompson water has gone for as high as ~3,000. per unit (about 

one acft) 
farmers Reservoir and Irrigation Company (Standley Lake in Jefferson 

County) offered ~2730 per share (about 10 acft) in 1974 and 
~29,000 in 1980 - both rejected. 

Water seen as the one factor which controls:·the West. Agriculture is the 
only significant source of water. I don't know what people will eat some­
day says one of the South Park sellers. Looseness on water deals which makes 
them hard to follow in the public records. As long as no one else hurt, no 
one may interfere - but water belongs to the people of the state. Ag. water 

65 can be condemned. FRIGO deal has water interest payment of 10%. 
Source: Sam Maddox, Thirst for Liquid Assets, Rocky Mountain Magazine v 3 n 2, 

March/April, 1981. 

Tax Assessment of Water Rights 
Source: Cox, Jack (1982) Assessor 7s Test Case Taxes Mater Rights, 

The Denver Post, August 12, p. 1C. 
Teller Count Assessor imposed tax of Mater rights under Colorado 
Constitution that permits taxation of all property that is not specifically 
excluded. Lack of tax seen as subsiddy to non-agricultural developers. 
State Mater engineer holds that agricultural and municipal rights are not 
subject to property tax assessment - SO% of state's 5.2 ac-ft. 

Teller C. seeks payment of abot $11,000. in taxes on 345 ac-ft. Mater 
rights o"ned by D. Smith, developer of Westwood Lakes Estate of about 100 
homes near Woodland Park. Value of rights estimate by assessor at $1,000. 
per ac-ft; aconservativen in view of Smith 7s offer to sell them at $2,000. 
per ac-ft to Woodland Park·. 1 ac-ft is enough for f ami 1 ynof four for year. 

Recent John Huston case held land and deep water inseparable for tax 
purposes - so is assessor applying double taxation? Asserssor says this 
case only applys to non-tributary water. Water judge dismissed Huston's 
claims but said concept is ok. End. 

Value of Water 
Source: Tony Davis (1985) Arizona Farmers Set A Reprieve As CAP Uater Hakes Its Debut, High 

Country Hews, June 24, p. 12. . 
CAP Nater will cost about $55 per ac-ft - compared Mith $60. to SSO. for ground water pumping. 

Farmers Mill pay a subsidized $2. per ac-ft for their share of the project and municipal-industrial 
users have a rate of $5. now rising to $40. by 2035. Both groups will pay $50. per ac-ft to cover 
costs of pumping over 2,000 feet from Colorado River to top of CAP. Over 50 year life the CAP Nill 
consume 1.5 million ac-ft per year. Cost of project ot federal government is $3.1 billion. 
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~A water solution that's not all wet , -... 

F
or a few minutes on Tuesday 
evening, I wondered if someone had 
slipped something into my coffee. 
Early returns on Referendum A 

showed an overwhelming defeat for the 
proposal to borrow $2 billion for unspeci­
fied water projects. That seemed impossi­
ble. When you're afflicted with my politi­
cal leanings, you're so accustomed to be­
ing on the losing side that it's hard to be­
lieve good news. 

But the numbers held up, with Colorado 
defeating Referendum A by a 2-1 margin; 
last summer, the polls showed it passing 
comfortably. On Tuesday, the principal 
supporter, Gov. Bill Owens, did not apolo­
gize for promoting a divisive issue. From 
foreign soil, he said the vote "shows that 
we have yet to reach a consensus." Given 
the margin of defeat, it appears that we 
have reached a consensus. 

Another supporter in state government, 
Agriculture Commissioner Don Ament, 
said, "I'm ready and willing, and I'm sure 
the governor is, to say, 'Okay guys, what is 
your plan?' We still have the problem, now 
I want to talk some other solution." 

Referendum A was designed to solve the 
problem of the south metro area - Arapa­
hoe, Douglas and Elbert counties. They've 
grown quickly, but rely on a declining aqui­
fer. The groundwater will run out, so they 
need to find another water supply for both' 
current and future users. 

If there were a single entity that sup­
plied water there, it would likely be big 
enough to construct a supply system with 
diverted water, in the same way that Den­
ver, Aurora, Colorado Springs and Pueblo 
have built their water systems. 

But there isn't a big single entity there. 
It's a maze of dozens of little wa­
ter-and-sanitation districts, special dis-

Ed 
Quillen 

tricts, private wells 
and the like. Political­
ly, it would be diffi­
cult, perhaps impossi­
ble, to consolidate 
them into a unified wa­
ter provider that 
could grab enough wa­
ter. 

So they tried to get 
the state to step ·in 
with Referendum A, 
which was defeated -
it didn't even pass in 
Arapahoe, Douglas 
and Elbert counties. 

A solution? They should form their own 
big water district to address their own 
present and future water supply problems, 
rather than expect the entire state to ad­
dress their issues. 

As for a statewide solution, here's a sug­
gestion. Get the state engineer's office to 
draw up a list of "underperforming reser­
voirs," along with cost estimates to bring 
them up to their rated capacities, and per­
haps expand them. 

Thus we'd have a "bang for the buck" 
rating for improving storage capacity at 
minimal environmental degradation. 
Then, to make it more politically salable, 
parcel out the projects among drainages, 
so that each basin gets a piece of this pie. 

Put this list in front of the voters, along 
with some in-stream flows based on the 
increased storage, and it might well pass. 

How would this work? We'll assume 
there's an Example Reservoir, built in 
1922, with a capacity of 400 acre-feet to 
serve the Example Valley Irrigation Co. It 
could be expanded at reasonable cost to 
500 acre-feet, but it currently holds only 
300, on account of siltation and some 

dam-safety problems. • 
It gets on the list and voters approve the 

statewide plan. Example Valley irrigatdrs 
pay part of the cost to bring their resertoif 
to 500 acre-feet; Colorado pays the rest-: 
Example gets 400 acre-feet of storage anq 
Colorado gets the other 100, which is .re­
leased for in-stream flows when necessarr-

Users would pay much of the cost of 
improvements; they might have to borrow 
the money. And if they wanted to borr.ow 
it from the state, the mechanisms are al­
ready there with the Colorado Water Con­
servation Board and the Colorado Water 
Resources and Power Development AU· 
thority. 

But where would the state get the mon:­
ey for its share? A tax increase would be.a 
hard sell, but since some of "our watern is 
flowing down to Arizona, Nevada and Cali­
fornia anyway, why not arrange to lease·it 
to those states? Instead of us spending bil­
lions to develop and transport that W(\ter 
across two or three mountain ranges, ~et 
them send us millions each year for let­
ting the water do what it wants to do any­
way. 

Granted, this solution isn't simple. But.it 
would improve both storage and 
stream-flows. The projects would be list­
ed, so we'd know what we were buying 
into. The projects would be divided among 
basins, so the pork would spread through­
out the state. Those who benefit most 
would pay their fair share, and the rest of 
the cost would be covered without raising 
taxes. 

So there's one way to proceed, now that 
we've done right by Referendum A. • 

Ed Quillen of Salida (ed@cozine.com) is 
a former newspaper editor whose column 
appears Tuesday and Sunday. 
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:olorado really must have another trans mountain div 
ure, and after all alternatives are exhausted, that pro. 
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protect futures in basins of origin by not dl 
be a state water project serving the broade 
have flexibility enough to change with the : 
be environmentally responsible; and 
make better use of investment in ''plum bin~ 

RP is the Colorado Aqueduct Return Project. lt•s a n 
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1 Domestic water in Trinidad now is $15 a month for the first 7,500 gallons or about 85 gallons per day per 
~ person per household and 4 cents a gallon for water from commercial drive up water spigot. 

~ 

~ 

Source: Mike Garrett (9Aug2002) Trinidad domestic water rates rise, along with fears, The Pueblo 
Chieftain, no page. 
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Water Values 

October 22, 2003 

Restoration of flow on Red Mountain near Ouray achieved after 50 years. Irrigators sent water to Uncompahgre River from 
Animas River watershed. Project was 6 years and included clean up of old mine sites. The Carbon Lake Ditch was 20 
feet wide and 3 feet deep. The 400 acre-feet of water used by irrigators each year was purchased by EPA fro $50,000 or 
$125 per acre-foot. Water was for sale because there is now a dam closer to place of use. Restoration cost $17,000 and 
bill split between USFS and Southwestern Conservation District. 

Source: Dale Rodebaugh (14Sep03) Red Mountain water flows to Animas again, Durango Herald, pp. 1A and 12A 

Deloris Water Conservancy District received a $300,000 grant from the Colorado Dept. of Local Affairs to finance the Dover 
Creek Lawn and Garden System. The tap fee is $3,200 for minimum of 307 taps in total and commitment of200 taps to 
start the project. Each water tap would be allocated I acre-foot per year. Water users would alos be charged $.33 per 
I 0,000 gallons of actual water use. 

Source: Steve Grazier (6Sep03) Agency grants $300,000 for Dove Creek water, Cortez Journal, no page. 

New addition to 40 year old contract with Bureau of Reclamation for Fryingpan - Arkansas Project would allow for increase in 
capacity of tunnels or use ofBoR tunnels. The Carleton Tunnel controlled by the BoR would require $21,690 per year 
for carrying 750 acre-feet ($28.92 per ac-ft). The Busk-Ivanhoe is smaller but is controlled by Aurora. The Pueblo 
Board of Water Commissioners wants instead to pay $11m to $12m to improve its tunnel capacity. 

Source: Margie Wood (17Sep03) Water board renews contract, Pueblo Chieftain, no page. 

L:, ·- Aurora is purchasing more water from Rocky Ford Ditch. In 1983 city bought 8,250 acre-feet and dried up 4,100 acres (2.012 ac-
~ ft per acre irrigated). Now sale is for 5,100 ac-ft drying up 2,539 acres (2.00 ac-ft per ac irrigated). 

Source: Margie Wood (20Sep03) Longtime water foes ready to OK settlement, Pueblo Chieftain, pp. lA and 2A. 

More than 6,600 acres on Rocky Ford Canal to be dried up by agreement reached between Southeastern Water Conservancy 
District and Aurora. Price is $24m paid to District and can be used for anything. for the High Line Canal water. Limit 
of water is total of 145,000 ac-ft over 40 years ($165.51 per ac-ft). 

Source Margie Wood (21Sep03) Rocky Ford Ditch case settlement seems near, Pueblo Chieftain, pp. lA and 2A. 

Price paid by Aurora is $24.2m over time. First $1m is for contracting, administration, and 3.8 million next year. Unless Aurora 
gets 25 year contract to store in Pueblo Reservoir, money to Southeastern WCyD. would be $50 per ac-ft for water 
leased from Arkansas Valley and of total $4.8m in this pot, $2m goes to subsidize participation by towns and ditch 
companies in new reservoir storage regime. Also Aurora would pay $41.3 per ac-ft of $6m over 40 years with money 
received after 2028 going for development of storage in upper Ark. Valley and is expected to total $2.m . Aurora would 
pay $1.25 per ac-ft for leasing up to 96,000 ac-ft over 25 years $50,000 there after. Sometime before 2028 Aurora would 
pay $4.m to the Southeastern WCyD. $24.4 is about Yz the communities cost for the proposed Arkansas Valley Conduit. 
from Pueblo. Nothing is in agreement for paying farmers to install drip systems. Farmers who have installed drip 
systems fmd improved yields with less water. 9At $24.2m for total of 145,200 ac-ft over 40 gives $166.66 pre ac-ft). 

Source: Editorial (16Sep03) Peanuts for a water deal, Pueblo Chieftain, p. 4A. 

Aurora is expected to pay $50m over 40 years for 145,000 ac-ft or 3,600 ac-ft for an annual average. Aurora has dried up 22,961 
in agriculture to transfer 27,000 ac-ft according to Doug Kemper, Water Resources Manager (1.175 ac-ft per acre 
irrigated). In total water rights changes in the Lower Arkansas Basin have totaled 87,000 ac-ft and dried up 39,135 acres 
of which 29,381 were for transfers to Colorado Springs (2.22 ac-ft per acre irrigated). 



Aurora expects to spend $800m on water infrastructure over the next ten years regardless of Ref. A. City involved in cooperative 
projects because over 60% of water from Grand County diverted and over 75% is owned. Front Range owns about 50% 
of water in Summit County. One project is in Eagle River Basin where the 30,000 ac-ft reservoir would be 113 each to 
Aurora, Colorado Springs, and Western Slope. Aurora currently diverts more than 624,000 ac-ft per year and expect to 
divert 1.18m ac-ft by 205. 

Source: Michael C. Bender ( 10Sep03) Front Range, Western Slope must met on water issues, Daily Sentinel, no page. 

Pueblo residents will be charged a storm water fee beginning in December based on the impervious footprint on each city lot. 
The fee is $2.00 per month per lot of 2,000 square feet to reach $6.25 for lots with more than 4,000 square feet. Other 
properties will be charged $1.22 per I ,000 square-feet. 

Source: James Amos (16Sep03) Pueblo residents to be charged stonn-water fee, Pueblo Chieftain, no page. 

Fruita will protect 11 acres along Colorado and open 50 acres to public by purchase of Snooks Bottom property. It has 20 acre 
lake and now is used for gravel mine. Mesa Land Trust will hold easement which had been identified as proposed park 
and open space in 2000 plan. Will cost $843,000 of which $489,000 will come from GOCO. 

Source: Michael C. Bender (4Sep03) Fruita buys, protects Colorado River acreage, Daily Sentinel, p. 1A. 

Security for the Animas-La Plata Project would cost upwards of $5m for construction costs. Question is who is going to pay it 
and who is responsible for operations. Security will focus on pumping station as reservoir will be open to the public. 

Source: Associated Press ( 13Sep03) Security concerns add $5million to Animas-LaPlata, Pueblo Chieftain, no page. 

US Forest Service is renovating water system for Junction Creek Campground near Durango for $1.0m in total. Area is 30 acres 
with 34 camp sites of which 25 would be open. Will install a well with a 5,000 gallon tank, chlorination system to 
replace a 3,000 gallon cistern which is spring fed. Cost on the water system is budgeted at $214,000. 

Source: Dale Rodebaugh (3Sep03) Campground to close for water system, Durango Herald, p. 11A. 

Marvel Springs near Durango provided free water but now will charge $100 user fee plus $4.00 for a key to open the box holding 
the spigot. About 200 users are eligible to draw water from the spring n the La Plata River drainage. House wells have 
been going dry. The Bureau of Reclamation provided $20,000 for infrastructure at the spring. The water district 
receives about $5,000 in tax revenue which is not enough to maintain the spring. 

Source: Dale Rodebaugh (13Aug03) Free water dries up, Durango Herald, pp. lA and 12A. 

Durango forecasts a population of 40,000 was planning to buy 3,800 acre-feet from the Animas-LaPlata Project each year. The 
19,000 current customers used 6,000 ac-ft in 2002. Phil Doe said the cost overruns for Dallas Creek, Deloris, and 
Central Arizona Projects all came in 300% over budget. Original cost was $338m and now bumped to $500m. 

Source: Dale Rodebaugh (2Aug03) City unsure if A-LP costs may hurt bid, Durango Herald, pp. 1A and 12A. 

Proposed new water district in San Luis Valley of almost 8,000 square miles would include about 200,000 acres of irrigated land 
in Closed Basin and over 5 of 6 counties. Farmers would be assessed $5.00 per acre; plus another $5.00 acre if using 
well water; plus a variable fee depending on crop and amount of water applied to it to give as much as $23 per acre for a 
total of $33 per acre. This is $2 to $2.5m to mange the district and to pay farmers to fallow fields to save water. This 
isn't seen as the total solution to stabilizing the aquifer but a start and better than litigation. 

Source: Erin Smith (22Aug03) Water war feared in San Luis Valley, Pueblo Chieftain, no page. 

Denver Water expects bills to increase 5% as customers reduced water use by nearly 30%. This is $1.00 to typical monthly bill of 
$39.00 for residential use. Average Englewood bill is less than Denver's but is increasing bills by 15% and average Los 
Angeles water bill is $68 per month and $109 in Seattle. Denver grew from 467,000 to 554,000 from 1990 to 2000. 
Denver is working on recycling water. 

Source: Editorial (30Aug03) Denver Water looks ahead, Saturday Rocky Mountain News, no page. 



Water Values 

August 19, 2003 

Greeley planning a water storage project for $20 to $30 million for 8,500 acre-feet of capacity. 
Source: Jule Piotraschke (15Jul03) Greeley Tribune, no page ref. [at $30m is $3,529 per ac-ft] 

Tapping Denver Aquifers could cost $65m for 29,000 ac-ft per year with 127 wells or enough for 60,000 families for a year. New 
reports give much less water than Lake Erie and less ofthis is of acceptable quality. Denver requires 285,000 ac-ft per 
year for 1.2 million customers. 

Source: Jerd Smith (22Jul03) Tapping aquifer could cost $65million, The Rocky Mountain News, pp. 4A and 23A. 

Funding raising for water park at mouth of De Beque Canyon (Palisade) for $10,000 hoped for. In Golden 45,000 users attracted 
and $23 million generated over 3 years. Design would allow for fish passage. Applying for $200,000 from GOCO. 

Source: Gary Harmon ( 9Aug03) Fundraiser to launch water park campaign, The Daily Sentinel, no p. 

Ute and Collbran Water Districts hope to buy Upper and Lower Molina power plants, Vega Reservoir, and 13 other small 
reservoirs from the Bureau of Reclamation. Vega has 33,000 acre-feet and in the late 1990's the price was $12.9 million. 

Source: Erin Mcintyre (6Aug03) Water Districts hope to buy West Slope reservoirs from feds, The Daily Sentinel, pp. IB and 
9B. 

Vega Reservoir project is nearing 50 years old. Power serves 70,000 people. District of Ute 
Source: Erin Mcintyre (7Aug03) Skeptics meet over Ute Water plans, The Daily Sentinel, no p .. 

Welton Reservoir near Rocky Flats was completed for $20m with a capacity of9,800 ac-ft [about $2,040 per ac-ft] 
Source: Associated Press (4Aug03) State works to pick projects for water initiative, Greeley Tribune, no p. 

Price for Animas- La Plata Project goes from $338m to $500m from 1999 to 2003. Bureau of Reclamation official says a bunch 
of small little pieces added up and omissions were made in estimates. Sole source contracting with tribal contractor is 
adding 24o/o of increase. 31% is of tribal assistance, contracting costs, and cultural resources. Opponents say project 
was low-balled when submitted for approval. Halting the project is no an option. 

Source: Erin Mcintyre (1Aug03) Animas-La Plata price shoots up $162 million, The Daily Sentinel. pp. lA and SA. 

Aurora is looking to build a reservoir in Lake County with 23,000 acre-feet of capacity for $80 million. Dam would be 150 feet 
high and 3,400 feet long. 

Source: Mike Patty (12Aug03) Aurora aims to double water capacity in next few decades, The Rocky Mountain News, no. p 

Commissioner of Agriculture, Don Ament said that Colorado needs to store more of the 16 million acre-feet that snow melt 
provides to the state and Colorado has only 6.5 million acre-feet of storage. 

Margie Wood (9Aug03) Action 22 debates water issue, The Pueblo Chieftain, pp. lA and 2A. 

80% of Colorado's water comes from snowmelt and Colorado is entitled to 400,000 acre-feet more from Colorado River Compact 
[only in an average year] A private consulting firm was awarded $2.7 million to conduct 81 meetings across the state 
and come up with a list of potential projects for the $2 billion. 

Source: Steven K. Paulson (4Aug03) State working to identify projects for water initiative, The Pueblo Chieftain, no p. 



Farmers in San Luis Valley considering formation of sub-district and taxes to conserve water. Requires owners of 51% of land to 
sign. Farmers would tax themselves to stop irrigating so as to reduce well pumping and to reduce use by acquiring water 
rights. Plan to raise $ 1.5m to $2.5m a year on a tax of $5 per acre with groundwater irrigation and an additional $5 per 
acre for a delivery charge and $ 10 per acre-foot for each farmer's net depletion of aquifer. Last charge will reflect 
reduction for use of surface water rights. 

Source: Tom McAvoy ( 9Aug03) Farmers to consider tax to save water resources, The Pueblo Ch ieftain, no p. 

Worse drought in 100 years for San Luis Valley. Problem is increased growing of alfalfa. Crop is sh ipped to daries in New 
Mexico and elsewhere. Price last year was $ 145 a ton and this year is $1 I 0 a ton. Crop acreage has increased 30% since 
1975. Need to reduce water pumping by 20% in San Luis Valley. Also temperature is important and for last two warm 
summers they got 3 good crops from center pivot irrigation whi le th is year there was no water for ditches. Some say 
switch to sudangrass and has less problems with nematodes and verticill ium and is a good transition to barley or 
potatoes. SLY had 167,000 acres in alfalfa with 67,800 acres in potatoes as next largest crop. Alfalfa is popular because 
one of easiest to harvest and demand is high. Alfalfa makes $ 15 to $20 per acre-foot of water used. Potatoes make $188 
per acre-foot in 200 I and higher last year. But there is a glut and lower prices for this year. Alfalfa production total 
value was $49.5 m and value for potatoes was $203 m. 

Source: Damon Haley (3 1Jul03) Alfa lfa a big user of water, Alamosa Valley Courier, pp. I and 3. 

Sierra Vista Estates northeast of Durango will pay $60 per month for water, or $31 per month as determined by the La Plata 
County Commissioners. The developer for 29 built upon home sites was to provide water for free. In 1996 the Colorado 
Department of Public Health cited the water supply for E-coli. The owner will go into bankruptcy if the monthy chanrge 
of$60 per house is not adopted. Developer lives in Arizona. 

Source: Charles Ashby (29Jul3) Company threatens to cut off water, The Durango Herald, pp. I A and 12A. 
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Colorado Springs plans to drillS wells as temporary aid to regular water supply. They would be 750 to 1,400 feet deep inot 
Denver and Arapahoe Aquifers. Combined they would pump 2.5 mgd. If necessary 35 more wells can be drilled for an 
additional 7.5 mgd. Each of the 8 is expected to cost $300,000 [2.5mgd is about 7.67 ac-ft a day. Operated for 300 days 
would produce 2,301 ac-ft. Cost for supply is 8 wells * $300,000 each for $2.4m or $1,04 per ac-ft. 

Source: Cate Terwilliger (5May2003) Springs utility drills for water, Denver Post, no page [p. 2 of Denver and West section] 

Tankers pay $2.00 per I ,000 gallons for Greeley, CO, water from hydrants and if this water is not replaced the price is $6.10 per 
1 ,000 gallons which is 300% markup over regular city price. 

Source: Mike Peters ( 28Apr2003) Tankers pay high price for water from hydrants, Greeley Tribune, p. A2. 

Web site for Front Range water restrictions is www.drought.colostate.edu. Fine for violation can be $500 for repeat offenders. 
Trucking in water to deep-water big trees. Lawyer Matt Ferguson in Basalt paid $605 quarterly water bill, 3 times 
normal, for surcharges. Denver Water will charge $.80 for every I ,000 gallons over limit of 18,000 gallons within 2 
month period and goers up to $11.84 per 1 ,000 gallons as maximum surcharge. If household uses 50,000 gallons, the 
two month bill would double from $92.39 to $186.57. 

Source: Joey Bunch (1May2003) Cities test waters with new restrictions, surcharges, Denver Post, pp. 18 and 58. 

Aurora has offered $528 per acre for 1861 water in High Line Canal on Arkansas River for 5,000 to 10,000 acre-feet. City 
expects to lease 25 to 50% of water in canal for 2 years. Water would be exchanged to be diverted upstream at Otero 
pumping station near Buena Vista. Aurora bought 60% of Rocky Ford Ditch in 1986 and is leasing much of remaining 
shares. Expects most farmers will lease only part of their water- that used for 3 rd cutting of alfalfa and keep water for 
vegetables. Payment prorated this year and full amount paid next year. Aurora can renew lease depending on water 
conditions in 2004. 

Source: Margie Wood (1May2003) High Line OKs leases to Aurora, Pueblo Chieftain, pp. lA and 2A. 

Highline Canal has 1869 water rights and is 85 miles long and irrigates 22,500 acres. Water lease would create problems for 
those using remaining water. About 70 to 80% of use is for alfalfa. 

Source: Margie Wood (26Apr2003) Aurora on tap, Pueblo Chieftain, pp. lA and 2A. 

Colorado Springs pipeline would carry 78 mgd and send waste water down Fountain Creek which has base flow of 60 cfs. 
Source: Margie Wood {0Apr2003) Springs' population hikes flow of waste in Fountain Creek, Pueblo Chieftain, pp. lA and 3A. 

Irrigators offFountain Creek fmding loss of"crud" and must wear rubber gloves when setting siphon tubes. There is also a bad 
bank erosion problem. Cost of conduit would be $200 million. 

Source: Margie Wood (30Apr2003) Plenty of crud found downstream, Pueblo Chieftain, pp. lA and 3A. 
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Water needs must be considered in coordination of planning, SB 92 for 2003, esp. where growth is 5% per year. Rep. Entz felt 
this was not onerous. 

Source: John J. Sanko (7Feb03) Bill calls for close watch on water needs, Rocky Mountain News, no page. 

March 5, 2003 

Pipeline from Pueblo Reservoir to Lamar estimated at $200m of $35m for operation and maintenance each year. Alternative of 
no action would cost $185m for individual treatment facilities to cope with declining water quality. Route could follow 
Bessemer Ditch or Comanche Power pipeline or on north side of Arkansas River. Expect 75% federal cost share. 

Source: Anthony A. Mestas (30Jan03) To build or not to build, Pueblo Chieftain, no page. 

Statewide agriculture uses 85% of water but community needs to eat so in effect it uses 1 00$ of water. Last year CBT water was 
available for lease at $500 per ac-ft and this year $1,660 per ac-ft and not affordable to agriculture says Eric Wilkinson 
of Northern Colorado Water Conservancy District. 

Source: Bill Jackson (21 Feb03) Speaker: State drought will end; growth won't, Greeley Tribune., no page. 

Development project near Castle Rock has water plan for 2,400 acres. Development is called Headwaters and is for 2 golf 
courses, 132 single-family units, and 69 cottages for part-time and 28,000 sq-ft club house County standard is 2.5 ac-ft 
per acre for golf course irrigation and with new technology developer wants to achieve 2.0 ac-ft per acre. A 17.5 acre 
pond would be built to hold 650 ac-ft and wells drilled for the housing units. Fiscal impact submitted by developers 
projects average of$187,000 per year for 12 years and $437,000 at completion in 12 years. Opponents say this does not 
account for road costs. 

Source: J. Sebastian Sinisi (9Mar03) Project's plan for water use to be studied, Denver Post, pp. 27A and 32A. 

Water Pricing -
Tap fees in Aurora recently increased from $6,846 to $10,711 per single family home. 
Source: AP (20Jan03) Restrictions considered for Aurora, Pueblo Chieftain, no page. 

When water sold off land, then taxes are lost. Bill offered in legislature would provide compensation. Opposition says that if a 
conservancy district has to rely on property tax revenue, then once again it's the farmer that winds up footing the bill, 
according to spokesperson for Colorado Farm Bureau. 

Source: Michael C. Bender (30Jan03) Senate committee OKs water legislation, G. J. Daily Sentinel, no page. 

Farmers can profit from their water without giving it up entirely by leasing. Greeley has for years leased its water to agriculture. 
Now there is a turn around. 

Editorial (31Jan03) Leasing water good decision, Greeley Tribune, no page. 

Like cell phone plans, water users should pay for what they use says David Brookshire of U. of New Mexico economist. Average 
1 0 minute shower uses 15 gallons. Price is so low that no one pays attention at cost of month's showers of $1.16 for 465 
gallons. Price in Minneapolis is $2.24. Showers should cost over $1.00 each. Prices for water set on break-even pricing 
and not economic principal of supply and demand. Elsewhere in economy, price is based on scarcity. It would take 
increase of278% to 463% to curb consumption. 

Source: Joey Bunch (l7Feb03) Water too cheap to conserve, prof. says, Denver Post, p. 38. 

Garfield County is contracting with West Divide Water Conservancy District for water to control dust at $5,000 for 15 ac-ft. 
Source: Mike McKibbin (llFebO) GarCo gets more water to control dust, G. J. Daily Sentinel, no page. 

Aurora wants to lease Rocky Ford Ditch water for emergency needs for 90 days. Aurora can not meet normal demand for 54,000 
ac-ft without substitute supply. Aurora expects to get 2,281 ac-ft from Rocky Ford Ditch over 90 days- May 1 to Jul29 
-and uses 18,000 ac-ft on golf courses in period. Emergency is questioned. Aurora ill pay $1.5 million or $528 for each 
ac-ft of2,800 holders of Rocky ford Ditch water want to sell. 

Alamosa will buy water from Price Water District (a private water supply system) at $500,000. System serves 106 household 
taps with single well producing 1,500 gallons per minute for total of2,4440ac-ft per year. Well drilled into confmed 
aquifer at 1,630 feet deep. Owner does not want expense of treating for arsenic. [water cost is $205 per ac-ft] 

Source: Erin Smith (24Feb03) Alamosa exerts water option, Pueblo Chieftain, no page. 



Paying off the $1 Ob bonding for water development would have to be on a user-pays concept to get public support. 
Source: Arthur Kane (6Mar03) Panel approves bonding measure, Denver Post, no page. 

Pueblo Board of Water Works recommended four tier fee structure for coming year. .Basic monthly service charge includes 
2,000 gallons. Second tier is next 4,000 gallons. Third tier is 6,000 gallons a month and the standard indoor use for 
cooking, cleaning, and bathrooms. Fourth is 15,000 gallons and comes with a surcharge depending on the drought 
conditions of$1.92 per 1,000 gallons to $2.30 per 1,000 gallons. Last tier is over 21,000 gallons per month and at 
Stage IV drought would have $6.02 per 1 ,000 gallons as surcharge. 

Source: Editorial (18Feb03) Graduated fees, Pueblo Chieftain, no page. 

Southern Ute Indian Tribe will spend $4.9m for water treatment plant with high tech. filtration. Existing capacity is 1. 7 million 
gallons per day or enough to serve 900 people including town of Ignacio. New capacity is 4m gallons per day. Purpose 
is to filter out sediment and ash from Missionary Ridge Fire in Los Pinos River. Input water reached 2,000 NTU 
(measure of suspended particles) of appearance of chocolate milk color and Colorado max. is 0.5 NTU at faucet. 

Source: Brian Newsome (12Feb03) Utes pour $4.9m into water treatment, Durango Herald, pp. IA and 12A. 

Tamarisk-
Tap roots can go down 50 feet. They have I% of winter bird life found in native stand. Thrive on poor soil, take up salt to leaves 

which fall and deposit salt on surface. Use 70,000 acre-feet of water on Arkansas River or about the yield of Frying Pan 
-Arkansas Project. Federal legislation is pending to have Mesa State College be tamarisk control center for West. 
Trees cover about 1 million acres in West and use 2m to 4.5m gallons per day. 

Source: Margie Wood ( 24Feb03) Feds may help fight water-guzzling tree, Pueblo Chieftain, pp. IA and 2A. 



Groundwater solutions for water storage - use of sandpits for water storage can result in large evaporation losses. In Greeley ara 
suggestion is for 60 foot deep trenches around sandpit to bedrock. Fill trench with impervious slurry. Then water is put 
in for storage. Evaporation then is "reasonable" 10% and slurry wall prevents seepage. Cost is 1/3 of conventional dam 
storage. Underground water storage in aquifers is best. 

Source: David Seckler ( 15Jan03) letter to editor- Prior to big projects, consider groundwater storage solutions. Greeley Tribune, 
no page. 

Need to assure water supplies for growth. Kaplan report from CU. Public Infrastructure finding- better to prepare for growth by 
comprehensive planning fund with transferable development rights, with tax sharing to prevent competition for 
development and to provide money for affordable housing, a poll for acceptance for use of tax dollars to expand housing 
for low income but opposition to sales tax on real estate transfers with document fees of$.05 per $100. 

Source: Steven K. Paulson (14Jan03) Water key factor in future growth, Durango Herald, pp. IA and lOA. 

Water use at car wash is 60 to 100 gallons per wash. 
Source: Sheba Wheeler and Jim Kirksey (4Feb03) Metro cities set to tighten taps, Denver Post, pp. IB and 4 B. 

Aspen Ski corp. will send melting snow from slopes through small hydropower generator to provide 60 kilowatts or enough for 
35 homes. System will receive $.06 per kw or almost twice what Holy Cross electric pays for conventional coal-fired 
power. Aspen Ski Corp expects to receive $12,000 per year and pay off the cost of$62,000 in 5 years. Cost of 
stringing electrical power lines to remote homes is $10,000 per mile. A family's 35 kw system cost $22,000 and based 
on 2 inch piping 2,500 feet downhill from spring to generate 1 kw or enough for 1 home. Put in a 25 kw unit on Ruedi 
Creek to generate income. 

Source: Steve Raabe (2Feb03) Mining 'white coal", Denver Post, pages IK and 16 K. 

San Luis Valley may have 20% reduction in water use. Water engineer notes drop in aquifer is as much as 10 feet since 1970's. 
Last year 200,000 acres irrigated with 2,300 center pivots produced $200 million of potatoes, $1 00 m in alfalfa, $30m in 
barley and wheat at a 600,000 deficit in water to be made up by taking 37,000 acres out of production. It takes 15 to 20 
inches of water to produce a potato crop and 28 to 32 inches to produce two or three cuts of alfalfa. A 20% reduction in 
ag will result in same reduction in ag-related industries. Farmers told to plant only what you have water for. 

Source: Mark H. Hunter (13Feb03) Water-use cut proposed for San Luis Valley, no page. 

Aurora's offer to lease High Line Canal water in the Arkansas Valley amounts to $500 per acre-foot if a leasing program can be 
approved by the Colorado Legislature. $11.25 for entire consumptive use for 2003. 

Source: Editorial (2Feb3) No 'emergency', Pueblo Chieftain, no page. 

Colorado Springs Utilities expects revenues of $53 3m in 2003 from all sources and plans to double service to 961,000 in 20 years. 
Planning the Fountain Valley Conduit with capacity for 13m gallons per day through a 66 inch pipe over 46 miles to give 
total capacity of 78m with other pipeline systems from Lake Pueblo. Sale at residential value is $30m per year. Heyday 
of mining, smelting, and manufacturing in Pueblo has passed. Water based recreation is growing with focus on Arkansas 
River Corridor Legacy Project. Concern is for exchange of water by Colorado Springs with withdrawal above Buena 
Vista and return of treated sewage water below Pueblo. Colorado Springs intends to finance pipeline by what it calls 
"off-book fmancing" with creation of separate entity issuing revenue bonds paid by captive water customers. This 
avoids public election. CS does not require like other cities that developers dedicate a sufficient supply of water to the 
city to meet requirements of their projects. No one dared suggest a moratorium on new taps. The Arkansas River has 
been over-appropriated since before 1900. If CS takes an additional 78m gallons a day of clean water out of Pueblo 
Reservoir and replaces it with returned sewage through Fountain Creek, Pueblo is left dry and corridor is worthless. CS 
gain is expense to Pueblo. 

Source: Tom Florczak [atty for Pueblo] (2Feb03) That Giant Sucking Sound, op. ed. piece, Pueblo Chieftain, pages IG and 4G. 



New pipeline for Colorado Springs would require 150 foot right-of-way for each of three possible routes for pipeline. One 
roughly follows existing pipeline but need new easement. Another issue is the quality of the flow returned to Fountain 
Creek which will be of"sufficient quality to meet needs downstream" - primarily agriculture. Sediment in the increased 
flow is also a problem for fountain Creek which has a sediment load of 66,000 tons in an average year and more than 1m 
tons in May of 1999. 

Source: Margie Wood ( 20Jan03) Landowners leery of pipeline plans, Pueblo Chieftain, pp. lA and 2A. 

Long-term proposals for San Luis Valley should go to voters, including creation of sub-districts. Manager Ray Wright and David 
Robbins, Atty., feel all land owners should vote whether they live in valley or not. Pay to play as alternative to well 
administration. Basis for well augmentation is assessments of property owners and not priority or seniority of water 
rights. 

Source: Ruth Heide (25Jan03) Water subdistricts up to voters, Alamosa Valley Courier, no page. 

Reverse osmosis plant at La Junta, CO, to cost $6.8m from a $9.6m loan for Colorado Water and Power Development Authority. 
Engineering and construction services will run $600,000. City left with less than a 5% contingency which can take 
project up to the $9 .6m figure. No size given. 

Source: Anthony A. Mistas (21Jan03) Salida fmn to build La Junta plant, Pueblo Chieftain, no page. 

A Weld County irrigation company planning $7m water plan with 2 reservoirs to irrigate 35,000 acres as 5 year project for 2,500 
acre-feet of capacity with a 300 acre-foot equalizer. [$2,800 per ac-ft]. 

Source: Bill Jackson (20Jan03) Irrigation fmn moving on water storage plan, Greeley Tribune, pages AI and AlO. 

Well drilling in Black Forest north of Colorado Springs costing $22,000 for 825 feet [$26.60 per foot]. Each 20 piece of pipe 
costs $247 which drives the cost up over the base rate of$16 per foot. 

Source: Tracy Hannon (22Jan03) Drought has well drillers searching deeper for water, Pueblo Chieftain, pp. IB and 4B. 

Public wants water. Floyd Circuli, pollster, says an extra $2.00 on water bills would be ok to fmance projects in worst drought 
over 350 years. Tap fees served by Denver are $1,000 and recently raised to $20,000 by Parker. 

Source: Tom McAvoy (21Jan03) Pueblo Chieftain, pp. lA and 2A. 

Fort Collins considering renting water from farms owned by City of Thornton- 2,000 to 3,000 acre-feet from farms that would 
replace sources already dried up so the amount obtained would be 500 acre-feet. In 1986 Thornton paid $55m for 21,000 
acres offanns and renting water back to farmers. Fort Collinns want to rent the water from Thornton for $300 to $400 
per acre-foot or about $1.2 m total. [NOTE] I ,000 acre feet is enough to serve 2,400 households for a year. 

Source: The Associated Press (18Jan03) Colorado city considering renting water from Thornton-owned farms, Durango Herald, 
no page. 

With advanced irrigation, better nutrients, better pest management, and other advances - farmers are consuming more water more 
often throughout the year in San Luis Valley says LeRoy Salazar PE. Used to irrigate fields every 7- 14 days and now 
running system every 3-4 days. Keeping the soil wet. Alfalfa typically uses 28-32 inches or 2.5 acre-feet of water 
per acre. Cponsumptive use for barley is 17 - 232 inches and for wheat is 22 -23 inches. Potatoes use 15 -20 inches or 
1.4 acre-feet per acre. Yields doubled on small grains and it takes more water. Now there is more alfalfa, a crop with 
higher consumptive use, [but less economic return]. Each center pivot taken out saves 1-2 acre feet. With shallow 
planting of crops, there is more need to irrigate rather than irrigate deeply by surface irrigation once before plants come 
up. Conservation strategies -- plant deeper, cut water off earlier on crops without hurting yield, don't do post season 
irrigation or 3 or 4, change crops from alfalfa to barley or planting earlier potatoes. Grains at best are a break even crop. 
People do not want to do them. Think strategically- plant 100 acres of wheat rather than 130 acres of barley. Closely 
monitor evaporation, transpiration, and modify. For bankers -land without water is nearly worthless, so when someone 
says they want to cut back to fit the water available - be supportive. 

Ruth Heide (16Jan03) Water users chart own fate, Alamosa Valley Courier, pp. I and 3. 

Disputed well operation in the South Platte Valley brings in $131m to farming communities according to a CSU study by 1,500 
farmers who earn $80m and plus $51 m goes to rural businesses such as farming equipment and services. [This is 
questioned as to whether farming income is gross or net and same with other income.] [Study released this day.] 

The Associated Press (15Jan03) Study: Well water brings in $131m to fanning towns, Durango Herald, no page. 
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Water needs must be considered in coordination of planning, SB 92 for 2003, esp. where growth is 5% per year. Rep. Entz felt 
this was not onerous. 

Source: John J. Sanko (7Feb03) Bill calls for close watch on water needs, Rocky Mountain News, no page. 

March 5, 2003 



The Pine River lrigation District's rate for irrigation water around Bayfield, CO, is $S5 for the first acre-foot and $1.30 after that. 
The District wants the town to pay $220 per acre-foot for domestic water. The average monthly water bill is now $22.SO 
per 1,000 gallons and the state average is 27.3S per 1,000. 

Source: Shane Benjamin (14Jan2003) Bayfield's water may cost more, Durango Herald, pp. lA and lOA. 

Monte Vista now has may unmetered taps. Changing to $5 for first 10,000 gallons per month and $2.46 for each additional1,000 
gallons. Family of three generates average of 4,000 gallons of wastewater per month. 

Source: Diana Murphy (13Dec2002) Monte Vista adopts new wastewater rates, Alamosa Valley Courier, no page. 

Water rate in Windsor was a flat $14.30 per month and $1.63 per 1,000 gallons. In Weld a typical household uses S,OOO gallons 
per month and the bill will go from $25.2S to $46.70. 

Source: Annie Hundley (1Jan2003) Water hils, water restrictions likely to increase, Greeley Tribune, p. AS. 

Water plant investment per household in Greeley will be $S,400 per building. Developers pay a one-time plant investment fee for 
both supply and treatment capacity. The city's water supply program will pay $36 million for 6,000 acre-feet or enough 
for 12,000 households [$6,000 per acre-foot]. 

Source: Jesse Fanciulli (SJan2003) Greeley water rates going up, Greeley Tribune, pp. A I and AS. 

Greeley has 22,2SO shares in the Colorado - Big Thompson and ach share should produce I acre-foot in a good year. Present the 
CBT quota is 70% and may be 30% in 2003. Greeley's reservoirs hold 30,000 acre-feet. Greeley also has 734 shares in 
the Greeley-Loveland Irrigation Canal which averages a yield of 15 - 20 acre-feet compared with last year's yield of2 
acre-feet. 

Source: Jesse Fanciulli (3IDec 2002) Tougher water-use rules likely, Greeley Tribune, pp. AI and AS. 

Agriculture soaks up SS- 90% of water in state. Value at the farm of agricultural production is $I7 billion for Colorado. Water 
becoming.so valuable it doesn't make sense to farm said Tom Cech (Central Colorado Water Conservancy District). 
Flood irrigation is the least efficient method. Farmers moved from flood irrigation to sprinkler irrigation and eventually 
to center-pivot sprinklers with nozzles that dropped water 4 feet above the ground. Now farmers are experimenting with 
drip irrigation. Drip irrigation costs about $1,000 per acre. At state is farming. We need to water to produce income. 
[But ag in Gunnison County has been a loss for some years.] Without water all aspects ofthe·economy suffer. The 
Northern Water Conservancy District is funding programs to teach farmers how to be more efficient. 

Source: ·Julio Ochoa ( 30Dec2002) Where does it go?, Greeley Tribune, pages AI and AI2. 

Cost to participate in augmentation plan offered by the Lower South Platte Water Conservancy District for wells is $5,000. 
Source: Carol Barrett (SJan2003) LSPWCD meeting draws a crowd at Tuesday's meeting, Brush News Tribune, no page. 

Martin Lind of Windsor is proposing a $40 million project, Raindance Ridge, of 4 reservoirs to store 10,000 acre-feet and be an 
amenity for 50 homes on a 920 acre site. The water would be pumped up from the delivery system for Colorado - Big 
Thompson water. "Raindance Ridge preserves our agricultural roots and irrigation methods farmers have used for 
years," said Lind. 

Source: Julie P.iotraschke (4Jan2003) Windsor man pitches water storage project, Greeley Tribune, pp. AI and A6. 

American Waterworks Development Inc. (A WDI) said water beneath the Baca Ranch was worth $I billion and The Nature 
Conservancy and federal government questions this cost as part of expansion of the Great Sand Dunes Nation Park. An 
arbitration panel issued a binding decision on a 2 to I vote that the worth was 649,000 due to insurmountable cost and 
legal, political, and practical obstacles to development and transport of the water to a market. These render its future 
prospects too speculative for valuation. 

Source: Editorial (26Jan2003) Dunes ruling critical for park, Denver Post- Sunday, no page. 

To 10 Feb 2003 



Domestic water in Trinidad now is $15 a month for the first 7,500 gallons or about 85 gallons per day per 
person per household and 4 cents a gallon for water from commercial drive up water spigot. 
Source: Mike Garrett (9Aug2002) Trinidad domestic water rates rise, along with fears, The Pueblo 
Chieftain, no page. 

----- October24·2002 t/r~~ ~(a 
Aspen rewards water saving- taps that do not use more than 15,000 gallons per month will get $90; taps 

with use between 15,000 and 30,000 gallons get $60, and over 30,000 get nothing. This is in 
contrast with Denver Water which faces a budget shortfall because of conservation. Drought 
surcharges are expected to provide $11m next year for Denver Water. Rebates for low water use 
was not received well in Denver. 
Source: Ellen Miller (26 Sep 2002) Water use: When it wanes, it pays, The Rocky Mountain News, 
no page. 

Power plants on the Gunnison and Colorado River are offered money by Colorado River Water 
Conservation District to offset value of power production from winter water. The federal Grand 
Valley Power Plant and Redlands Water And Power Co. are the plants. Last summer payment to 
Redlands for not using 150 cfs of 750 cfs water right amounted to $70,000 to $85,000 as 
compensation for lost revenue. The amount of water for Grand Valley is 5 to 10 cfs but District has 
no plans for winter compensation on Colorado. 

Aurora and Thornton are trying to acquire water from 11 ranches in South Park and bids are $12,000 to 
$15,000 per acre-foot. By contrast bids for Rocky Ford Ditch water in the lower Arkansas are 
$5,600 per acre-foot. 
Source: Editorial (16Sep02) Help's on the way, The Pueblo Chieftain, no page. 



Denver Water will study drilling into Denver Aquifer with 3 million acre-feet of water. Depth is 400 to 
2,200 feet [reachable with CBM technology] and extract 20,000 acre-feet a year or 1% of Denver's 
annual needs. Cost for 1,000 foot deep well is $1m. Denver wants to take the water under the 
theory that those receiving its services have implicitly given up their right to any groundwater 
underneath their home business. Source: Theo Stein (23Aug2002) City's water quest goes 
underground, The Denver Post, page 1 B. 

Denver will tap 2 aquifers under city by drilling 1,000 feet down to produce 20,000 acre-feet a year at a cost 
of$1m per well. Source: The Associated Press (24Aug2002) Denver wants to tap 2 aquifers under 
city, Durango Herald, no page. 

In Denver area water rights now sell for $4,000 to $12,000 per ac-ft. Source: Ron Franscell (10Sep2002) 
Dry years drill home water rights, The Denver Post, no page. These same figures are given. 
Source Pauline Arrillaga (1 Sep2002) Western state's complex water laws are put to test as dry spell 
worsens, The Denver Post, no page. 

City of Golden, Colorado, cut off from water by court ruling. City has population of 19,000 residents and 
average residential use if 160 gallons per day. Ruling would mean cut back to 40 gallons per person 
per day. City wants to buy 450 acre-feet from Coors Brewery for $4m [$8888 per acre-foot]. 

Source: Ann Schrader (1 0Sep2002) Golden to tighten the spigot, The Denver Post, pp. lA and 8A 

The Central Colorado Project (formerly Union Park Project) can build a 1.1million acre-foot reservoir for 
$500 million [$454.5 per ac-ft]. Source: Dave Miller (15Aug2002) On the Big Straw plan that the 
state's cooked up ... , Aurora Sentinel, letter to editor, no page and letter to Governor Owens (16Aug 
2002) in Colorado Statesman, no page. 

Rep. Carl Miller says use water available in Denver Basin Aquifer. According to 1998 report, the Denver 
Basin Aquifers contain 300 million acre-feet of water, 15 times greater than active storage capacity 
of Lake Powell and the life of the aquifer with careful use may exceed 1,000 years. Source: Tom 
McAvoy (12Aug2002) Water laws can be changed, Tracey says, The Pueblo Chieftain, no page. 

Water is needed for augmentation in the lower Arkansas River Valley in Colorado. The Arkansas 
Groundwater Users Association is buying water from municipalities at up to $47 an acre-foot 
(considered a very high price) for augmentation for 400 wells needing 2,900 or 1,000 acre-feet 
between mid August and mid September. Source: Margie Wood (14Aug2002) Well augmentation 
water has high price, The Pueblo Chieftain, no page. 

Much of Crowley County had junior water rights from the Arkansas River dating after 1890. Water in the 
county averaged 1.69 ac-ft per ac when 2.0 ac-ft per ac was consider the minimum for the area. The 
rocky ford Ditch with an earlier priority produced 5.8 ac-ft per ac. By 1967 the sugar beet facory 
closed in the county and water began being sold away. Price of Twin Lakes water was $1,050 a 
share without land in 1972. Now it is $20,000 share. Now dry land for cattle is $300 per acre in 
Crowley County. Source: Margie Wood (10Aug2002) Water rights and money lure seem to flow 
together, The Pueblo Chieftain, pp. 1A and 2A. 



Trinidad expects to grow 2.5% to 3% a year over the next 20 years. Colorado agencies report that 100 
single-family houses results in 250 full-time construction jobs generating $7.9m in annual wages and 
$4.25m in federal, state, and local revenue. 100 multi-family w1its generates more than 100 jobs, 
$3.34m in wages and $1.8m in revenues. Growth must pay its own way in Trinidad. Source: Mike 
Garrett (19Apr02) Trinidad in good shape for water, says planner, The Pueblo Chieftain, no page. 

Pipeline along Arkansas River has projected cost of$160- $200m and federal government would pay 75%. 
Cost compares with projected $350- $640m municipalities would have to pay for federally 
mandated water water quality treatment. Source: Tom McAvoy (25Jul02) Sen. Allard seeks federal 
Funds for pipeline project, The Pueblo Chieftain, pp. IA and 2A. 

Arkansas Groundwater Users Association has contract to buy 3,895 ac-ft from the Pueblo Board of Water 
Works but Board cancelled as it imposed water restrictions on Pueblo residents. Now AGUA is 
seeking replacement water from the Southeastern Colorado Water conservancy District. The AGUA 
would have to cut off 400 wells with loss to farmers of $1Om to $15m. AGUA believes Pueblo 
should recognize agriculture's economic contribution. Residents may have agreed to rationing last 
May to provide water for farmers. Water District ha~ emergency reserve but some towns 
downstream also need water. District reserved 4,800 ac-ft for emergencies and about 400 ac-ft now 
used. Source: Margie Wood (31Jul02) Replacement woes increase for farmers, The Pueblo 
Chieftain, pp. 1A and 2A. 

~ - - - - - - to 31Aug02 

Doloris Project built in 1980's. Total full service allocation is 55,200 acre-feet to 28,000 acres based on 
ideal crop rotation of 55% alfalfa, 20% small grains, 15% dry beans, 3% pasture, and 7% com. 
Diversion requirement for this allocationis 1.97 ac-fper ac and farm deliver is 1.72 ac-ft per ac 
based on consumptive use of1.76 ac-ft per ac and farm irrigation efficiency of70%. Average farm 
delivery is 1.74 ac-ft per ac from 1987 to 2000. Use of Watermark probes found to be better than 
calculation of water balance to provide appropriate supply at root zone. Source: A. Berrada, T. 
M. Hooton, M. W. Stack, and others (2002) Assessment of Irrigation Water Management and 
Demonstration of Irrigation Scheduling Tools in the Full Service Area of the Deloris Project, in 
Colorado Water (Colorado State University), August, pp. 13- 15. Source has other useful citations. 

Trickle down irrigation. Farmer in La Junta installed underground drip tape irrigation system to provide 
water at the root level. Cost is $650 to $800 per acre at depth of 8 inches. This is center of root zone 
for most crops. Source: cite to The Pueblo Chieftain, July 11, 2002; in Colorado Water (Colorado 
State University), August, p. 28. 

Denver Water to spend $29m to protect drinking water supplies from terrorist attacks. Access to reservoirs 
is also restricted- for example Blue Mesa. Source: Scripps McClatchy Western Service 
(31Jul2002) Colorado taps cash for drinking water, The Daily Sentinel, page 7 A. 



Denver Water will study drilling into Denver Aquifer with 3 million acre-feet of water. Depth is 400 to 
2,200 feet [reachable with CBM technology] and extract 20,000 acre-feet a year or 1% of Denver's 
annual needs. Cost for 1 ,000 foot deep well is $1m. Denver wants to take the water under the 
theory that those receiving its services have implicitly given up their right to any groundwater 
underneath their home business. Source: Theo Stein (23Aug2002) City's water quest goes 
underground, The Denver Post, page 1 B. 

Denver will tap 2 aquifers under city by drilling 1 ,000 feet down to produce 20,000 acre-feet a year at a cost 
of$1m per well. Source: The Associated Press (24Aug2002) Denver wants to tap 2 aquifers under 
city, Durango Herald, no page. 

In Denver area water rights now sell for $4,000 to $12,000 per ac-ft. Source: Ron Franscell (10Sep2002) 
Dry years drill home water rights, The Denver Post, no page. These same figures are given. 
Source Pauline Arrillaga (1 Sep2002) Western state's complex water laws are put to test as dry spell 
worsens, The Denver Post, no page. 

City of Golden, Colorado, cut off from water by court ruling. City has population of 19,000 residents and 
average residential use if 160 gallons per day. Ruling would mean cut back to 40 gallons per person 
per day. City wants to buy 450 acre-feet from Coors Brewery for $4m [$8888 per acre-foot]. 

Source: Ann Schrader (10Sep2002) Golden to tighten the spigot, The Denver Post, pp. 1A and SA 

The Central Colorado Project (formerly Union Park Project) can build a 1.1million acre-foot reservoir for 
$500 million [$454.5 per ac-ft]. Source: Dave Miller (15Aug2002) On the Big Straw plan that the 
state's cooked up ... , Aurora Sentinel, letter to editor, no page and letter to Governor Owens (16Aug 
2002) in Colorado Statesman, no page. 

Rep. Carl Miller says use water available in Denver Basin Aquifer. According to 1998 report, the Denver 
Basin Aquifers contain 300 million acre-feet of water, 15 times greater than active storage capacity 
of Lake Powell and the life of the aquifer with careful use may exceed 1,000 years. Source: Tom 
McAvoy (12Aug2002) Water laws can be changed, Tracey says, The Pueblo Chieftain, no page. 

Water is needed for augmentation in the lower Arkansas River Valley in Colorado. The Arkansas 
Groundwater Users Association is buying water from municipalities at up to $47 an acre-foot 
(considered a very high price) for augmentation for 400 wells needing 2,900 or 1,000 acre-feet 
between mid August and mid September. Source: Margie Wood (14Aug2002) Well augmentation 
water has high price, The Pueblo Chieftain, no page. 

Much of Crowley County had junior water rights from the Arkansas River dating after 1890. Water in the 
county averaged I.69 ac-ft per ac when 2.0 ac-ft per ac was consider the minimum for the area. The 
rocky ford Ditch with an earlier priority produced 5.8 ac-ft per ac. By 1967 the sugar beet facory 
closed in the county and water began being sold away. Price of Twin Lakes water was $1,050 a 
share without land in 1972. Now it is $20,000 share. Now dry land for cattle is $300 per acre in 
Crowley County. Source: Margie Wood (I 0Aug2002) Water rights and money lure seem to flow 
together, The Pueblo Chieftain, pp. I A and 2A. 



in winter. Source: Peter Roper (19Apr02) City, Army sign rver legacy contract, The Pueblo 
Chieftain, no page. 

Colorado's 250 golf courses soak up 192m gallons of water on average summer day [about 590 ac-ft]. 
About equal to entire city of Denver on hot day. Use is about 8,000 gallons per acre per day over the 
24,000 acres of golf courses. Average Colorado person uses 160 gallons per day which includes 
lawn watering. Golf course members pay "green" fees. Source: Nancy Lofholm, Coleman 
Cornelius, and Erica Draper (9May 02) Drought to rough up fairways, The Denver Post, pp. lA and 
16A. 

The Town of Blanca (in San Luis Valley) is placing a moratorium on water exportation. Town has been 
overusing water allocation. As of May 1 no water other than 10 gallons can be sold or given for 
transport outside boundaries. Town has rights to 200 ac-ft a year. Usage was 207 in 2000 and 215 
in 2001. People outside the city limits have been purchasing water from the RV park not only for 
domestic use, but to water gardens and livestock. 10 gallons per day is considered enough for 
routine domestic needs such as drinking, cooking, washing clothes and bathing. Source: Sylvia 
Lobato (12Apr02) Blanca bans water export, Alamosa Valley Courier, pp. 1 and 3. 

Greeley has 30,000 acre-feet of water in storage or about a year's supply and has excess water. The city 
typically leases 5,000 acre-feet and this year will lease an additional2,000 ac-ft and also 4,000 ac-ft 
to the Larimer and Weld reservoir Co. Source: Bill Jackson (19Apr02) Greeley leases water toi 

~ irrigation companies, The Greeley Tribune, pp. 1 A and 12A. 

Angry landowners near Milliken, CO (north of Big Thompson River want water promised. Developer does 
not now have water; sold them to Greeley and after send sale of these rights, Greeley voided the 
contract. Subdivision owners can not irrigate because the land has been "dried up and irrigation 
desisted." The water system was never activated and the developer leased the water as the project 
was developed. One lot owner pays $225 a month to water his 18,000 sq-ft lawn. Source: Julio 
Ochoa (25Apr02) Owners seek help in fight for water, The Greeley Tribune, pp. A1 and A7 

Trinidad expects to grow 2.5% to 3% a year over the next 20 years. Colorado agencies report that 100 
single-family houses results in 250 full-time construction jobs generating $7.9m in annual wages and 
$4.25m in federal, state, and local revenue. 100 multi-family units generates more than 100 jobs, 
$3.34m in wages and $1.8m in revenues. Growth must pay its own way in Trinidad. Source: Mike 
Garrett (19Apr02) Trinidad in good shape for water, says planner, The Pueblo Chieftain, no page. 



Pipeline along Arkansas River has projected cost of $160 - $200m and federal government would pay 75%. 
Cost compares with projected $350 - $640m municipalities would have to pay for federally 
mandated water water quality treatment. Source: Tom McAvoy (25Jul02) Sen. Allard seeks federal 
Funds for pipeline project, The Pueblo Chieftain, pp. 1A and 2A. 

Arkansas Groundwater Users Association has contract to buy 3,895 ac-ft from the Pueblo Board of Water 
Works but Board cancelled as it imposed water restrictions on Pueblo residents. Now AGUA is 
seeking replacement water from the Southeastern Colorado Water conservancy District. The AGUA 
would have to cut off 400 wells with loss to farmers of $1Om to $15m. AGUA believes Pueblo 
should recognize agriculture's economic contribution. Residents may have agreed to rationing last 
May to provide water for farmers. Water District has emergency reserve but some towns 
downstream also need water. District reserved 4,800 ac-ft for emergencies and about 400 ac-ft now 
used. Source: Margie Wood (31Jul02) Replacement woes increase for farmers, The Pueblo 
Chieftain, pp. I A and 2A. 



Water Values 

Denver Company auctioning 924 million gallons, about 2,928 acre-feet and enough for 3500 new homes. 
Water is under Fiddleback Ridge in Douglas County and more than 18 miles from nearest proposed 
pipeline. Price is expected to start at $1,500 per acre-foot and go as high as $10,000 an acre-foot. 
Source: Anon. (8May02) For sale: 924 million gallons of ranch water, Greeley Tribune, no page 
number. 

Offering from ranch in Elbert County may be largest groundwater sale in Colorado's history. The 924m 
gallons per year for 100 years or 2928 ac-ft is enough for 3,500 homes and lawns. Water could go 
anywhere including California, Arizona, or Texas. Well levels have been dropping about 30 feet a 
year in Douglas County. Source: Deborah Frazier (7May02) Water going up for bids in Elbert 
County, The Rocky Mountain News, pp. 7A and 13 A. 

City of Lafayette is willing to pay farmers for their water. Supply is less than 25% of normal. But city 
chose not to participate in pipeline from north that opened a secondary source of water for 
neighboring Louisville. Louisville may spend over $1Om on the Southern Water Supply Project to 
bring water from Carter Lake near Loveland. Lafayette chose to put water from South Boulder 
Creek in reservoirs such as Baseline Reservoir. Source: Robert Sanchez ad Owen S. Good 
(17May02) Farmers offered money for water, The Rocky Mountain News, pp. SA and 28A. 

Drought declaration would allow ranchers with land set aside in federal Conservation Reserve Program to 
use land for grazing if willing to take 25% cut in annual program payment which is typically $40 per 
acre. Source: Tim Flowers (17 Apr02) Water woes could impact fishing, Alamosa Valley Courier, 
pages 1 and 3. 

Allocation for Northern Colorado Water Conservancy District from Colorado-Big Thompson Project set at 
70% quota. Average quota over 43 years is 73%. Last year it was 80% with 10% added in July. 
Source: Tim Flowers (17 Apr02) Water woes could impact fishing, Alamosa Valley Courier, pages 1 
and3. 

Aurora acquired about Y2 the Rocky Ford Ditch about 15 years ago. Colorado Springs sells water to ag. 
users, last year about 14,000 ac-ft. Colorado Springs would get 19,000 ac-ft from expansion and 
reoperation of Pueblo Res. And others on Fountain Creek Valley would get 12,500. Colorado 
Springs wants to expand pipeline to Pueblo Res. And Aurora supports HR 3881 before Congress. 
With enlargement of Turquoise Res. the Fountain Creek Valley users would get 35,000 ac-ft of 
storage at a cost of$67 per ac-ft as compared to $1,500 per acre-foot to build new storage reservoirs. 
El Paso Count pays about 72% of Southeastern Water Conservancy District's revenue. Source: 
Margie Wood (29Apr02) Water, water, The Pueblo Chieftain, pp. lA and 2A. 

DRCOG predicts a shortage in 9 county area of207,568 ac-ft by 2025. There are 20 water suppliers. 
Denver's average annual need is 285,000 ac-ft and it has available 375,000 ac-ft but is expected to 
need 450,000 by 2050. [Why don't other entities plan so far ahead?] Source: Charlie Brennan 
(1 0May03) Metro area facing a watershed, The Rocky Mountain News, pp. SA and 31A. 

Arkansas River Corridor Legacy Project in Pueblo will cost $4.2m and Great Outdoors Colorado is 
providing $2m and the city and county $400,000 each. Design is for 500 cfs in summer and 100 cfs 



Watershed Evaluation Team 
-WET-

Watershed Evaluation Team Members - March 1998 

Butch Clark -Ph.D. University of London; 1985 Environmental and community planning, 
energy and water resources assessment. Gunnison County resident since 1970. 

Ralph Clark Jr - LL.B. University of Cincinnati Law School; 1940 Receivership, corporate 
reorganization, bankruptcy, and trusts. Gunnison County resident since 1970. 

Lynn Cudlip -M.S. University of Minnesota; 1985 Water resources management and research, 
wetlands delineation and planning. Gunnison County resident since 1978. 

Pamela Hathaway - M.S. University of Arizona Natural resources management, international · · 
economic and enviromnental policy programs. Gunnison County resident since 1997. 

Jim Milski - rancher and general contractor, hydropower researcher. Hinsdale and Gunnison 
resident since 1972. 

Marty Moore - M.S. San Diego State University Mechanical engineering, solar design, 
community planning. Gunnison County resident since 1980. 

Pat Moore- M.S. Oregon State University; Electrical and computer engineering, computer 
drafting. Gunnison County resident since 1980. 

George Sibley - B.A. University of Pittsburgh Professor, publisher, writer, community 
development and humanities program producer. Gunnison county resident since 1968. 

Jed Wallace- technical consultant in sound and lighting reinforcements, professional cook, 
water board commissioner, student Gunnison county resident since 19<rl. 

Ruth (Scotty) Willey- Ph.D. Harvard, 1956 Professor emeritus, University ofDlinois Chicago, 
researcher R1vfBL since 1958. Gunnison County resident since 1970. 

Robert Willey -Ph.D. Harvard 1958 Professor emeritus, University of Illinois Chicago, 
researcher R1vfBL since 1958. Gunnison County resident since 1970. 

and with much appreciated advice and encouragement from many others. 
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Special to The Denver Post distrtct wells 10 Septemb~r,but test r~ ·.. E~vuonrhent.~l. ~.rqt~cHo .. Agency ,;~;~bout $1,600 per month: .The:dist~ict 

WOODLAND PARK - The Teller su!ts have va~ied depend.mg on t~e·lab · spokes:rvoma.il·~·~oY,ce,.:_Ac.~ rriian said. ~~ilrrently pays Woodland Park $8,00~ to 
County Water and Sanitation District d9,mg the t~t~g and which wells w~~ tha~ ~gency"·.d9.~~11't contemplate anr .--~_$10,000 a month for the water provided 
probably will have to spend- up to sampled. DJStnct custo~ers are gettmg addtt~C?nal·~cUon. ·The EPA tested pn- ··.tl)y the city. . . : :. 
$300,000 for a treatment plant to re· their water from the c1ty of Woodland vate wells m the area at the owner's re- y. · : · • . ,· 
move a cancer-causing chemical from Park until the distr~~t :wells are de~ q.ties~ ~f~er the ·presence of EDB was::~~~: Water 'district .residents bfane ~nd 
the water it provides to its customers. clared safe by the ~C?l~rado .D~p~rtment_ ftrst reporte~. All. t~ose tests were neg- ;~; Gl · R 1 1 h 'd t d th t tk 

Thatwastheopinionofwaterdistrict ofHealthan_d.Environment. ,. ·. · .. ,· · ative.-~.·-~·- -~· .. ·'·. ·. · . .-·. . .enn aeg sal yeser ay. a. ~,ey 
board chairwoman Debra Lamb follow· Recent testS by· severaf independent · · If the district has to build an activat- : wdl launch a recal_l campai~f! .. to ~e-
lng a public meeting Wednesday night labs reportedly showed. no trace _·of ed--charcoal ··treatment plant, Lamb move Lam~. and bo~r~ mem~~r. R(~h~ . 
attended by about 40 people. The dis;.. EDB. Colorado Department of Health said, the cost will be $250,000 to ?rd Specht. We do? t hke that ~~_Is ~k-

. trict serves about 220 homes in an area and Environment spokesperson Lor- $300,000. The district has been offered 1ng so much hme, energy~ ~;nd 
known as Paint Pony. raine Peavy said the state won't re-test Iow-in~erest loans from the Department determination to get this boar~ tordo 

Excessive amounts of ethylene di- the water unti~ its lab completes its··. o~ ~ealth.and Environment and the Col· anything," said Glenn Raleigh.''.·· 1: 



CLARIFYING POLLUTION TERMS 

Pollution concentrations are usually def ined in terms such as 
•one part per mi I I ion"; "one part per bi I lion" ; or trace amounts" . 

How much is each of these amounts? 
What is "t race amounts"? Is it dangerous? 
Is any substan ce, even dri nki ng water free of contaminants? 
Rapid advancements in techno logy are making "zero" harder and 

harder to find. As I ittle as 20 years ago, resi dues cou ld on ly be 
measured in parts per mi I I ion. Anything less than one part per 
mi I I ion was "zero" - it was not detected. Today, elements can be 
located in parts per t ri I I ion and in increasing cases , in parts per 
quadrillion. 

ONE PART PER MILLION (PPM) -equal to one drop in 21,700 gal)ons- the size of a smal I garbage pai I. • 
ONE PART PER BILLION (PPB) -equal to one drop in 21,700 gal Ions- enough to fi I I a swimming pool 20 by 30 feet, five feet 

deep. 
ONE PART PER TRILLION (PPT) -equal to one drop in 21,700,000 gal Ions - enough to fi I I 1,000 swimn ing pools. 
ONE PART PER QUADRILLION (PPQ) - equal to one drop in 21,700,000,000~ gal Ions- enough to fi I I one mi Ilion sw tmming pools . 
Or, in terms of time- one part per bi I I ion is one second in 32 years. 
At one part per quadri I I ion, sc ientists say that alI elements known to mankind can be found in a single glass of water. The 

fact that an element is present is not the danger - the hazard is the amount that is present. 
Nitrates is ground or surface water are usually measured in parts per mi I I ion. Pesticide I imitations are in ~arts per 

bi I I ion . The term "traces" is used for parts per tri I I ion or quadri I I ion. 
The good news is that we can do a better job of monitoring our food and water supplies . Early detection allows potentia l 

prob lem areas to be located long before the point of danger. This assures ample time to correct the pending problem. 
The bad news is how trace amount detections are presented by the media and reacted to by the pub li c and environmental groups . 

Whether a part or two per bi I I ion of a chemical poses a health risk depends on what the chemical is and the conditions under 
which is occurs. 

REMEMBER, EVEN WATER IN A PRISTINE SETTING CONTAINS A VARIETY OF ELEMENTS - THEY EXIST NATURALLY IN ROCKS AND OTHER PHASES OF 
NATURE. THERE IS NO SUCH THING AS NATURALLY PURE WATER! 

PPLlCANTS FOR ALL DEPARTMENT PROGRAMS WILL BE GIVEN EQUAL CONSIDERATION 
WITHOUT REGARDTO RACE,AGE, COLOR, SEX, HANDICAP OR NATIONAL ORIGIN. 

GUNNISON SOIL CONSERVATION DISTRICT 
216 NORTH COLORADO 

GUNNISON, COLORADO 81230 

Ra1ph Clatk III 
GlC> E-' t G· ·- ·· "" s e ,., r· 9 1 a 
Gu -,n is )II, en ·:'1'7":'(-) - ·-· .. _._ ... 

-~ 

BULK R.ATE 
U.S. Post~ge 

PAID 
Gunni~n.CO 

81230 
N()f)-Profil 

l"ermil No. 36 
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GUNNISON SAVINGS & LOAN 
Your home "grown" 
savings and loan. 

303 N. Main St. 
Gunnison, CO, 81230 

(303) 641-2171 

.·········· ... • ,,.r:::;;-'--'1 • 
~~·--A'I. E ~- . <n . ~ : 
t . : . . ·. .. 

~ ·············· 

(303) 945·2233 

Pipe • Va lves e Pumps e Fittings 

WATER SUPPLY & DISTRIBUTION IRRIGATION & DRAINAGE 
SEWAGE COLLECTION & DIS POSAL CUI.Vf. RTS & URIDGES 

P.O. Box 248 
0033 Marand Road 

Glenwood Springs. CO 81602 

• 

Crested Butte 
State Bank 

MEMBER F.D.I.C. 

Mon.· Thurs. 9 am to 4 pm 
Friday 9 am to 5:30 pm 

Box 429 Crested Butte 

CARPET 
Tile 
VInyl 
Grea 1 St•IPct•on 
Exp, ,r tln~tollnti()n 

FIN[ 
FURNITURE 

AND 
ACC ESSORIES 

349·6606 

APPLIANCES 

$ 

~~~:.::.':Low PriNtE~ lOR~ 
Bt•ddmR );- 1 \i d 

ftnn-t\H 
\ b ) U iil: 

Appliances 
Flooring & 

'A1IndO ~\' 
Covcrmgs f- \.VuHptlfJf!r 

OZYPTILE 
229 N. Main. GunnisOn 641-6537 

FIRST NATIONAL BANK 
OF LAKE CITY 

3rd & Silver S1. 
Lake CiJy. Co. 

944-2242 

FDIG 
Charlcff!d May /9l!J · Serving Hinsdale Caunly 

IOIMII 
BEILTI~ IIC. 
505 Whiterock · P.O. Box 936 

Crested Butte, CO · 349-9898 
RUDY ROZMAN- AGENT 

JR ~£t!Nw~~~~~IN~ 
231 West Tomichi Avenue 
Gunnison, Colorado 81230 
(303) 641·0920 

Chevrolet • Oldsmobile 
Buick • Pontiac • GMC 

1:'1 t: ?i •I 
Gunnison Bank E.c Tt'ust Co. 
TIK Gunnison Bank 

232W. Tomichi 641-0320 
MEMBER F. D. I. C. FULL SERVICE BANK 

Personalized 
•BUSINESSES 
•ACREAGE 
•TOWN & 
COUNTRY 
HOMES 

-''"'-' '"' ""'N'oofl 

MI.S 614-1900 

Profession•• 
•CONDOMINIUMS 

•INVESTMENTS 
•APPRAISALS 

•RANCHES 

400 N. MAIN, GUNNISON 

GUNNISON FIELD OFFICE PROGRESS OF WORK FY-90 

.l?. .. r::.!'!Y._t_ __ !_Qg _____ N..?.m_g 

Brush Control 

Fencing 

Pasture and Hayland Planting 

Stockwater Pond s 

Water Control Structures 

* * * * * * * 
.L!!.n.9_ f2 ~ . .n e CL..t..t.~.9. 

Pasture and Hayland 

Rangel and 

* * * * * * * 

* 

* 

Reported 
.~.!!LQ.J!.o..:t. ___ g,_n.~:L.U.r.tL.t. 

897 acres 

15,076 feet 

66 acres 

3 each 

6 each 

* * * 
Reported 

Amo.J!rri: __ _pnd _lJ.n_i t 

744 acres 

1920 acres 

* * * 

* 

* 
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tne wtute House agenda was shelved and 
the president's most important gains, be-

Report Ba&l£~'!1lfiJ£~Lf.?..C Jt,~~~ing 
By JIM C ARLTON ~cost about $5 billion to remove the farms among the officials in charge of signing 

from the pipeline and take other restora- off on the report at the regional level, 
A U.S. Geological Survey report has tion actions. 1t says about $36 billion in says Mr. Casadevall asked him to delay 

found there would be more economic ben- economic benefits would come over anum- his review for a week "because of all the 
efits from returning water to the I{! a- ber of years from more visitors using the sensitivity around the issue." Mr. Ludke 
math River for fish and recreation than Klamath River system for recreational ac- says he had to send the report for final 
from continuing to use it to irrigate tivities such as fishing and boating. review to the USGS's headquarters in Re-
farms, but the finding hasn't been re- The farms generate about S100 mi!Jion ston, Va., by agency director Charles 
leased. in revenue a year, compared with almost Groat among others. 

Interior Secretary Gale Norton drew $800 million generated by recreational ac- Mr. Casadevall was traveling and not 
criticism from environmentalists and tivities along the Klamath and its tribu- available for comment, his office said. A 
leaders of local Indian tribes over her taries, the .report says. '4 resurgence in USGS spokeswoman in Reston said the 
decision seven months ago to redivert river levels would increase the recre- Klamath report's release wasn't ex-
water from the river system to about · ational revenue to about S3 billion annu- peeled tmtil after another agency official 
1,400 farmers, despite warnings from fed- ally by prompting more people to visit is scheduled to return from an overseas 
era! biologists that to do so would imperil more often, the report estimates. trip Nov. 12 to check the report for policy 
the river's fish. The U.S. Bureau of Recla- The report's lead author, USGS econo- implications. "It is not being held up for 
mation had earlier shut off the spigots mist Aaron Douglas, was scheduled to any reason other than to complete the 
over protests from farmers, saying the present the findings at a conference in review process," said the spokeswoman, 
water was needed to protect the river's California in the summer. But agency of- Carolyn Bell. 
sucker fish and downstream salmon. ficials said it wasn't ready for public re- Critics questioned the agency's mo-

As many as 30,000 salmon died in the lease. tives. "Given the position the administra-
Klamath River, which originates in south· In an e-mail on Oct. 7, Larry Ludke, tion took when they tried to help these 
ern Oregon and extends into northerrr the USGS regional biologist in Denver, farmers out, and then with the massive 
CaUfornia, from as-yet unlrnown causes wrote a colleague about the delay, which fish kill that followed, of course having a 
in September. Geological Survey officials he attributed to USGS regional director report like this released makes them look 
in the agency's Denver regional office 'Ibm Casadevall. bad," said Thomas Power, chairman of 
say they held up the report temporarily, "He wants to slow it down because of the economics department at the Univer-
despite an initial peer review being com- high sensitivity in the Dept. right now sity of Montana in Missoula. 
plete, after the fi sh kill because of U1e resulting from the recent fish kill in the Administration officials have said it 
report's sensitivity. A USGS spokes- Klamath, " Mr. Ludke's e-mail says. "... remains unknown what caused the fish 
woman in the agency's Reston, Va., head- Suffice it to say that this is not a good kill and whether the irrigation diver-
quarters said the report was undergoing time to be handing out this document and sions had any impact. Many environ-
normal reviews. it \vill likely be a little while be~OJ·e we mentalists say they believe the fish died 

The 32-page report, viewed by The get clearance from HQ." because when water was taken out for 
Wall Street Journal, estimates it would In an interview, Mr. Ludke, who was irrigation, river levels dropped so much 

Sen. Max CteJana, a veterau wuu JOSL his 
legs and an arm during the Vietnam War. 

As many as 30,000 salmon died in 
lhe Klamath River from as yet unknown 
causes in September, after water was 
cliverted to fanns. 

that the water became too warm for the 
fi sh. Ms. Norton had originally ordered 
the farm-water releases earlier this year 
after a national panel of scientists said 
there wasn't proof fish would be harmed 
by the diversions. However, Ms. Norton 
recently directed that more water be put 
back in the river temporarily to assist 
the fish. 
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iss11cd in PJ7S. EPA h to weigh· econmnic and technological as well as 
health and environmental f~1ctors in the standards. 

~·lunid1:;:zl cl11ucnt limilations arc Ic:-~s contnlcx lhait indusl'rinl limitu~ 
lions. By· J u}y 1, .l 077. all munic.:ipal pLmts w~re required to meet a sec­
ondary l'realnH'lll lc•vc:l. 'T'his I<'\'(' I of ! rcatmcnl imiJlics the f(,!lowing 
it ·<·lwo!ogi(·s: mechanical removal Df solids by !-lcrcening and seUling; re­

moval nf adtlit ional orgnnie wastes and solids by treating the wttsle' with 
air or oxn~(~n aud ln· aHmdnv; baclcrin to consume organic materials; and 
ell Iori nat i~>n. :l~ Th.e 1 U77 1\ men<lnte11ts allow a w~liver of secondary 
tn·;l:.mc·nl in the case or ~~\cilil'ics meeting :.pcdfic pretreat'll1('1ll' standards 
and pn~eondith~ns. lhc senior anthor inl'c1vreb the waiver to he only {(n· 
\\TSl coa~t nlani·s dischargin~ into llw ocean and islands. '\Vhcthcr this 
inlt:q.'rdatir;n is cr•ITcct wfll t>robably he tested in lhe ccmrls. A sccunch.ry 
trcalmc•nt Etcility is usu1diy able to ITmovc·: between 75 nnd 95 percent of 
the organics und solid~ in Uw '':aste strenm. Much of this material be­
come-.;; : . .Judge which has be:.·n dl!lnpcd inio the oceans. Ocean dumping is 
r<:>vi<.•\'.'t·d in the ~,olir1 waste cltaplcr. Land application and reuse alterna­
tives an• Jl:')\\' i'C('Ci\'ing a ~ood d(~tll of' attt•nliOil. 

.!~:.iin:otillg l·:fi7tu'Hf Dischar(!,t'.~·. ( h1cc they arc agreed upon, the f(·d<~ral 
dlltH~n! limi:~t\ions an~ rcl:llivdy easy to apply. Thf' permit appli('ation 
flied I·~.: an bulustry musi indic·atc the quality and qwmtity of more than 
s<·,·c·nt~· plzysic:al. chemical. and hiolo~kal indicators of tlw cfl1ucnt qual­
it~·. Tlw dis('hargcr !11\Jsl iudkitlc if tlw discharge <.:ontains any of lhe pol­
ln[;ln!!' i11 l·~~:!:i!JH HM and othc·rs \Vhich wili lw nddcd as the toxic regula­
lioli:; arc n;~~:~t.·d. T!H~ cl isch:1r:!CS Ill I lSI lJc elf' scribed in cit-tail bler ill the 
pC'rrnit ap~'li~<1tion. The con1p:mio;• list 'if parameters (I~xhibH lOA) is the 
li~~· or ::Jl<'l'iric ind~,:;lries for which spcei!k effiucnl limitations have been 
proposed and in some case . .; pron!ule;:,tfed. fn lhe event that readers wish 
lo t·xam inc :,onw of these re{!ulalions. tlH! list is in the order of the date 
the limitation:1 .,,·en~ pn•pose~l in f·hf'. Fc:cleral Register. 

Hy juiy 1, lU~)3. t-he goal was to intr(Jduce new approaches such as 
rf'-usc of w:t~:te water and to upgrade municipal plants to handle wastes 
from urh;:tn nmoii" and from industries. Secondary treatment is not clfec­
tiq~ in l'rcath~~ many industrial wasl·es. Indeed, the introduction· of in­
dw.;trial waste~ inl·o a mtmidpnl p1ant may kill Lhe bacteria which dccom­
po~"'' ~;rgnnic ,,-;!~tc:.;. Accordingly, prctn•atmcnt standards for industrial 
\\'a:-fcs ;1n• i;nporl'~~n! if' ihc propos,~d industry wonld like to usc a public 
pL,,t. !11 <·~~)<'!H.'('. :ll(· goai or prclrcallTH'nl· rt'qllirc•ment~ i:.; to prevcnl· 
JH'\'. il~(:n ... i des frdlll .t~'·lbng a;·outl(i new source: standards by going 
thn'~UJ:!) ;1 p:d•lir· pbnl. 

A.': i.:~di,·;1tcd above, i~J'A has bC'cn slow in responding to 1·hc hnztlrdous 
W:.lstc pnl\'i•;ic·n~ or till' 1•'\VPC_AA or I ~>72. Abotrl half or the nation's nwjor 

\Vater 1\esoun:es c· 
EXHIBIT lOA 

EFFLUENT Im::NTJFlCATION _Cxn:ct.= LisT 
r~on lNDUSTJUAL DISCHAF.GEns 

;\n:,·c~ Code 

Paramder 
Nanw 

.1..17 

Code ______ .. ·--·---------------------
Color 
Turbidity 
Radioaetivll:··' 
Hardness 
Solids 
Ammonia 
Organic 

Nitrogen 
Nitrate 
Nitrite 
Phosphorw; 
Sulfate 
SuHkle 
Sulfite 
Bromide 
Chloride 
Cyanide 
Fluoride 
Aluminn111 

Atitimony 
Arsenic 
B3rium 
Beryllium 
Boron 
Cadmium 
Calcium 
Cobalt 

00080 
00070 
0·1050 
00900 
00500 
00610 
00Cj05 

00620 
00615 
00665 
00945 
007,!5 
00740 

Chromium 
Copper 
Iron 
Lead 
lvfagnesium 
!Annganese 
Mercury 
Molybdenum 
Niekd 
Selenium 
Silver 
Potassium 
Sodium 

71870 Titanium 
00940 Tin 
00720 Zinc 
00951 Algiciclcs 
0110;1 Oil and Grease 
01097 Phenols 
01002 Snrfactants 
01007 Chlorinated 
01012 Hydrocarb()ns 
01022 Pesticides 
01027 Fecal Strepto-
00916 cocci Bacteria 
01037 Coliform 

Bacteria 

Sounc:1;;: U.S.!·· r- \, J~ngincering Form •!345-1. page 2, ;\lay. W7l. 

010:34 
OlO·.lZ 
01045 
OIO.Jl 
OOH27 
01.05.) 
71900 
01062 
010\17 
01147 
01077 
OOH37 
omJ2o 
011.52 
01102 
010f)2 
7;{(),)) 

00550 
32'i'~10 

.'38260 
740.52 

74053 
74054 

74056 

rnu.nidpal d!·,d,::: ,:t!rs (those sc~rving. 10,000 or mort' people) did not mc<:t 
the July 1, J.:Yt·;. <:.~ompliancc dnte. According to an EPi\ :-\0\IITC!,. thL' typl­

eal reason ,, . 1 ~. t 1 1:~ .lhsc!lcc of pn~trcalmC'nt standards. J n c·oHlpanson, or~l_r 
ahout Hi rwr1 ., .,, .. of industrial dischargers were not in compliance With 

their 1977 rc(rll:n!lllCnl's. . 
In F<'hru:,r;·, IU77. lh<' EPA proposC'd rul<:·s for l)w d('\'t~lopnwnJ ol 

prelrealmcnl ·~~:~ndards and requested fcedbad\ on ailernatin~ regulatory 
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·{' 
EXHIBIT IOU 

lNDt'STniES WITH EFFLUENT GUIDELINES 

PHOPOSED OH PROMUf ... GATED 

lndnslry 

.Insulation, fiberg1ass 
Bl'ct sugar 
Feedlots 
G1nss 
Cement 
Phosphalc 
Rubber 
FerroaiJoys 
Asbc~tos 
i'd eat prod ucls 
Inorganic chemicals 
Cane sugar refining 
Gn1in mills 
Fruils and vegetables 
Electroplating 
Pinslics and synthetics 
i\onft'rrou~ metals 
Fertilizer 
L(-'allK·r tanning 
Sn~1p and detergent 
Timlwr products 

, First Proposed 
Date in Federal Register 

]/22/74 
Ji31/74 
2/ltl/7·1 
2/14174 
2/20/7,1 
2/20/7't 
2/21/74 
2/22/7t1 
~/26/74-
2/28/7·! 
3/12/74 
3i20i74 
3/20171! 
3/21/74 
3/28/74 

t1/5/7i! 
4/8/74 
4/8/74 
·119174 

4/12/74 
-!/18/74 

r 

sl r~ttq;ics. in addition, the pretreatment mandate has been modified in 
1077 and again in 1978 by requiring pretreatment of the previously dis­
ellssed 65 pollutants produced by 21 industries. 

EIIlucnt limitat-ions an• set for tach pollutant. The nature and discharge 
frequency of the pollutant will dictate the nuum':!r ii1 which the efnuent 
limitation \\·ill he expressed. I' .. Iost of the pollutants are nwasnred as con­
cr~ntrations \\'h ic·h ('an he C"onverted into pounds or kilograms. Some 
p;lr;unders an! nwa:-;urc·d nniqudy. for c:.:nmp1e, tcmpc~raturc, pi I, col­
iFlrlll, turhidil~;, i!lld color. 

Cnntinllnt•s discharges arc wmaily limited by as~dgning a daily av<.~ragc 
;md :l maximum load in pounds of pollulnnl pt!l' pound of manufiwlurcd 
prmluct. Dbeonlinuous processes necessitate more complex litnilations. 
The J()llnwing limilnlions illustrate the discontinuous discharge limitation: 
(l) an~ragp concenlral ion i:; not to exceed 30 ppm of total suspc!ndccl sol­
ids and nwximum connmtralion not to cxc(:·ed GO ppm; (2) no diseh~rge is 

, . ..-.:: 
. ._1_1 .I 

r~ 
1-Vatcr Rcsmtrce("' 

EXHIBIT lOB (Conl"inu~d) 
lNJJUSTIUES 'WITH EFFLt:!~='\T (; UIDELINES 

PhOPOSED OR PRO~i!JLGATED 

Industry 

('t ~::::1ic chemicals 
P~·: r~~·lnnn refining 
.H1 .. ; ;:.L.~r~ paper 
P:ir\· 

}J;_l i p ;md paper 
sf_' : j~ •• ~ rl 
Irn~: .11 •rl steel 
Tc.\'ik:s.; 

S ~; ·::_:11 cl ectric stations 
\\ ·,yHi fi n·nitnre 
Pa,-i,:,~ ;lltd roofing 
F<'.i": and ink 
Pc'd'r:: products 
on ;!nd gns extraction 
~d in·:1 ;d mining 
Cr•;d ·nining 
On· ;~~ining 

First Proposed 
Date in fcrler(d Register 

4/2517·1 
.5/9/74 
.5/9/74 

.5/2,()/74 
5/2917·1 
6/26/74 

(j/28/74 ~ 8/21/7.) 
7/5174 

10/8i7•t 
11/1<1/7.{ 
1/10/75 
2/26i7.5 
4/24/75 
8/f5i75 

10/16175 
10/17i75 

ll/(1/7.5 

H9 

pen;: ;ll,·d to exceed 100 pounds of BOD more than once a week; and (:3) 
nP '·· ':1! inuous diseharge of a concentration exceeding 100 ppm of total 
soH1 >. i<; to occur over a twelve-hour period. 

I·i;l····, it is appropriate to illustrate the impact of the effluent limitations 
on C:'\i-:ting and new smtrces. One comparison is behveen pre-jJermil dis­
C'h,,.r:;::.-~s nnd permit limited discharges. A dramatic .comparison may be 
mnd~: t:;;ing state of New Jersey data. New Jersey has the dubious distinc­
tion ol' ranking Hrst in two indicators of economic developmenl: popula­
tion d~·nsily and valne added by chemical mnnuf~1cturing. Indeed, the 
pn!d!: .-ii,,n of chemicals in the 7,.521 square rniles of New Jersey greatly 
<.~XC<'::< 1 ~ iht• o11t pnl" of chcmit'als in the more than J .:-> million square milr·s 
CO!l-:p:i·.ing the eighteen N<•\V England, Mountain, and Padllc ~ta!<·s {;1ken 

tog:·'. k· i. 
THr' r- three of the more than one thonsnnd }Wtrolcmn <-md chemical 

pl:w~·, h1 New Jersey arc~ major water cilluent dischargers. fn HJ7,~. the. 
tlisr:h:ln~~~:\ of BOD and suspended solid wast<'S fi·01n these thirty-three 
plan'\ ·' 1:1~; the equivalent of llw treated dischar~cs li·01n a eity of about 
four ndilion people. In addition, these plants disdwrgr:~d numerous trixk: 
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EXHIBJT 11 
DISCHAHGES BY Tllll\TY-THHEE .MAJOH CHEMICAL 

A~D PETHOLEUi\t PL\NTS IN NE\"\~ JEH.SEY. 

(A) 
Parameter Present 

Discharge 
~et 

(H) 
Draii: .Permit 

Liniitations (all ip 
lbs./cbv 
exeepl fimv) Fail, 197-t J 11ly J., 1977 

Discharge. mg(l 
BiodH·mic:ai Oxygt·n 

Dt'mand (BOD) 
Total Suspended Solids 
Total Organic Carbon (TOC) 
:\..mmonia 
OH ~~ Grease 
Phenois 
Tib:mium 

Chromium 
"/' 
.~ .. me 
Lead 
Coppc·r 
Arsc'Jlic 

7G .. 1A 

357,227 
204,832 
239,306 

97,830 
86,379 
15,0~16 

7,167 
3,130 
2,DBO 
1,315 
l,59H 

1.2.0 

Souw:E: P1·rmil applicatiom and dmft pNmils. 

N.A. 

3·l,.520 
30Ji72 
-'1•1,871 

i",397 
1.:5,670 

165 
1)80 

316 
7.54 
HJ9 
22S 

2 .. '38 

·l 

(C) 

(B)/(A) 

0.10 
0.15 
0.19 
0.08 
0.]8 
0.01 
0.16 
0.10 
0.25 
0.15 
0.1 .. 1 
0.02 

w;:.stcs. sqmc of y,·hich are !ilillHnarized in the accompanying table (Exhibit 
ll. cnlumn .'\.).'.,'1 By July J, 1977, lhc discharges from these .Plants were 
to lw rcdtiCcd to between 25 and l percent of the present total (Exhibit 
ll~ c:olumHs B and C). These drastic reductions have.: not yet been carried 
out. hy aH the indttslries. 

A second C'ompari~;on is between initial discharges, permit limitations, 
and IH~w source standards. On~ of the importanl industries in rc~ource 
recovery is corrug~~.tcd papcrboanl )-:~rocluction. The permitted discharges 
of an existing pl;~nl and allnwnhh· initial discharges at a new plant are 
found in E:-.:hibit· 1:?.. Tlw existing plant dischP.rges over 1.00,000 pounds of 
BOD:; into thl' :\ii~si~:sippi Hivc~r. The permit calls {(H· a reduction to 
onc-fil'th of thr:.: initio!! cJi.-;~·h<lrgf:. :\ new pl~.ml W')tdd reduce the discharge 
lo ubnut liB'/ of the BODs di'1chargr~ from the existing plant. The total 
suspended so1id!-i di1l(~renc:c is lcs:-;, but stiH substantial. 

The U.S.EPA has pronwh~ated new source effincnl standards for most 
of the important direct cli~<'hargt•s :.ts well as pretreatment .standards for 

. 
.. 

rl' ~· 
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EXHIBIT 12 

HH 

I':!·;·~.UENT DtsciiAI\GE BY EXISTING i\ND Nr-:'v 
(;,}~~HUG.-\Tl~D MEDIU!\.f FACILITY, SIC ~~631 -------- .. ~·-. -------··--------- ------·-·--

Existing Plant New Plant 

Initial 
Existing Permil 

Discharge Discharge Discharge 
---------·--· .. ~· ----- ------·-· ----~---

BOD 5 •. 1h~fc]:..,· 

30-day Daily ,\ ... i~. 100,600 20,00f} 750 
Daily ~\·i :~ ';. 126,000 40,000 1,500 

13005, 1bs/Lon d 
product 

30·day Doily . \ ', ,;: .. 130 26 1.5* 
Daily ~f,:r··: 16,! 52 3.0 

TSS, Jbsiclay 
30-day Daily :·\ .. r:.. 20,800 4,200 2,000 

Daily ~.-Ia:'. 31,200 8,400 •LOOO 
TSS, lhs/ton ni 

product 
30-day Daily t\ '.'.!.',. 27 5 4.0* 

Daily :".-! ~~: • 41 ll ~.0 
----·----~-·-~- .... --- --· ·- -------- --···-------~-·-···--·- ----·------·-· 

*Aver·\'.:'· ···!'tinily \'alues fc)l' 30 consecutive dnys slwll not he ·c·xeeecl<·d. 
SotJHCE: Pcrmj:" r:rp·:ided hy Jaek H. Newman, chic{ ·lwi11slrial Unit. Permit 

Branch 1.·_..<.. EPA nr:gion V. and EP:\ rules and n·gulatinl!s f(lr ''Pulp. 
Pnper, ;•:"i Paperboard Poiul Source CategOJ)', Subpart E-PapPrboard 
l'rom ''~'~t.,l·· Paper Subcategory," Federal Rcgisl!'l", vol. 3H, no. 10-l, i\Iay 
29, Jrs:·:. PP· 18751.-18i"52. 

new sources \vh ~c ~1 hope to use public facilities. These are published in 
the Federal R.nr:.i\.' :T and the Environment Rcgulatiolls 1/andbook 55 ami 
are available aim.~ with expertise in the U.S.EPA regional offices and 
some staf:e ofDrir.~~. The engineers will be able to assist vou with industries 
for which no li~:~ ir ations exist and industries for ";hich some of the 
cHlucnts have noi hr~en assigned .standards. Vlhilc you arc speaking with 
the r-mginecrs, ~·'.i'. r had better find out if any rules and regulations limit 
cfl1ue:'nts from h~,:-~;n\; lagoons and olher impoundments on the sHe. Cur­
rently runoff fr:fil industrial· sites is a controversial question. 

New source :~ 11 1~r.hrds are available for specific processes. If your study 
is long range al i hr~ lwo- or three-digit SIC code levels of aggregation, you 
will have to nggtt'l.~atc f{>Ur-d igit groups. A reasonable approach is to allow 
each four-digil S 1 C group to n!prescnt its percent of projected share of 

,,rJft~ ~.~ .. · .•. '._1'! ... 

I i 
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GREELEY TRIBUNE 
Greeley, CO 

(Weld County) 
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Colorado Pre~s 
Clipping serv1ce 

Denver CO 80204 
1336 Glenar5m1 p1 ~~~X 303-S71-1803 

303-571· ' 0 . . . 
T~n will build big 
water storage tank 
BY DONOVAN HENDERSON 
Greeley Tribune 

Milliken's Town Board doesn' t want 
growth to go in the tank. 

Instead, the town wants water - the pre­
cious commodity that is necessary for growth 
to continue - to go in the tank, a 2.25 mil­
lion gallon tank. 

MILUKEJ\1:. 
~ ~ - . ' . 

A recently complet­
ed water study done by 

engineering firm Tuttle Applegate concluded 
that Mmiken needs to start storing water. 

The town has Central Weld Water District 
treat its water. 

During times of high usage, the availabi li­
ty of water gets pretty scarce. 

So the town intends to install a ground-lev­
el storage tank that holds a three-day supply 
of water. Once the tank is installed, the unit 
will be filled during the low-use hours be­
tween midnight to 6 a.m. Then if demand 
from Central Weld users gets high, Milli ken 
can begin drawing from the tank. 

Town administrator J.R. Schnelzer said the 
project is in the 1998 budget and he hopes to 
have something in place by the end of next 
year. 

The tank itself will cost about $500,000. 
The town wi ll have to kick in another 
$300,000 for such costs as land and line in­
stallation to and from the tank. 

Schnelzer said the town is negotiating with 
three landowners for possible locations. 

One prerequisite for the site is that it be 
able to handle expansion. " It makes sense to 
look at land that accommodates two tanks," 
Schnelzer said. 

Milliken· s population is about 1,700 and 
growing. The study said the 2 million-gallon 
tank should accommodate a population of 
5,000 and a 5 million-gallon tank would be 
feasible for I 0.000 people. 

''The 5 million-gallon tank is not really do­
able for the town right now," Schnelzer said. 

He indicated that the improvements in the 
town 's water system should meet the com­
munity 's needs for about 10 years. 
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Colorado River salinity under attack 
Get the salt out. That's lhe Bureau 

of Reclamation's goal in seeking pro· 
posals by Aug. 7 for up to $75 million 
of pro jects to reduce salinity in the 
Colo rado Rive r. 

About 9 million tons of salt, 
much of it from marine shalt:3, pours 
each year into the 1,450-mile river 
and its tributaries from Wyoming, 
Colorado, Utah, Arizona, New Mex­
ico, Nevada and California. The 
bureau estimates the rc.mlting dam· 
ages a t $1 billion annually. 

Iligh salinity forces farmers to 
switch from high to low-value crops. 
And municipal uRers, who generally 
pay hundreds of dolla~ per acre-foot, 
suffer when sa ltR corrode residential 
plumbing. Fed up with hard water, vot­
ers in 1\Jcson decided la.~t November to 
quit drinking Colorado River water 
delivered by the bureau's $4 billion, 
335-mile Central Arizona Project. 

Meanwhile, Mexico complains that 
the river's salinity at its border rcadaes 
950 parts per million, nearly double 
the limit recommended by th e Worlcl 

Health Organization. To mollify Mex­
ico, Title I of the federa\ 1974 Colorado 
River Salinity Control 'Act resulted in 
construction of the world's largest 
reverse-osmosis desalination plant, 
near Yuma, Ariz. Completed In 1992 at 
a cost of $24 7 million, :It sits idle today 
because of a decision not to spend 
upwards of $22 million annually on its 
operation. Annual m~intenance costs 
an: still $6 million. FOr now, the U.S. 
continues to meet its lreaty obligation 
to Mexico, high as tht ~alinity level is. 

At one time it looked like the Yuma 
plant was going to ~ needed soon. 
During filling of the bureau's Ulke Pow­
ell on the Arizona-Utkh border, with 
less watCI flowing dm)mstrcam, it was 
looking like salinity .rwould go right 
through the roof in ~e 1970s, • said 
David Trueman, mantlger of the Col· 
orado River Basin Salinity Control Pro­
gram in the bureau'~ Salt lake City 
office. During the early, 1980s, the salin­
ity level dropped be~e of high rain· 
fall. But now it approaches 879 ppm at 
Imperial Dam, the last ~am on the river. 

It might be higher, if not for 'Iitle II of 
the 1974 act that resulted in the bweau 
spending more than $300 million. 
Affected stales have chipped in 25% to 
30o/o of the cost. And the U.S. Depart· 
ment of .Agria.alture has spent about 
S 100 million for similar controls. 

Projects completed last year include 
a $65 million system for injecting briny 
spring water with 260,000 ppm of salt 
into deep wells in Colorado's Paradox 
Valley. That costs $25 per ton of salt 
removed, squarely within the range of 
$9 to $60 for the bureau's other salin­
ity-control projects. They involve lining 
irrigation canals, leveling crop land and 
using municipal systems rather than 
leaky canals to deliver water to live­
stock. The bureau disagrees. with those 
who contend it would be cheaper to 
buy some farmers out. 

Congress has voted to let the bweau 
spt>nd an additional $75 miiJion on the 
Inost cost-effective salinity rontrols. For 
fiscal 1997, President Clinto n has 
requested $5 million to begill. 

By David B. Rosenbaum, ENR 
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Water too cheap to conserve, prof says 
Higher prices · 
urged as way to 
cut use in West 
By Joey Bunch 
Dcnvor Post Environment Writer 

People waste water like it grows 
on trees for a very simple reason, 
a University of New Mexico econo­
mist told scientists, college profes­
sors and government regulators 
Sunday. 

II is way too cheap. 
Across the Southwest, the aver­

age cost for a gallon of lap water 
is less than one-fourth of a penny, 
and that price hasn't gone up for 
homeowners since 1950. 

~Has your gas bill gone up since 
1950?" David Brookshire asked at 
an afternoon lecture at U1c Ameri­
can Association for the Advance­
ment of Science's annual meeting. 

Water bills should be like cell­
phone plans, he said: People should 
pay rates based on the amount 

they use and how they use it. 
"There is no reason water can't 

be packaged the same way," he 
said. 

Most people are not likely to cut 
back until they feel the sling on 
their water bill, Brookshire said. 

The average I 0-minute shower 
sends 15 gallons down the drain. 
Denver Water has asked its 1.2 mil­
lion customers to cut back to 
five-minute showers during the 
drought. 

Most people won't cut back sim· 
ply because the average 10-minute 
shower in Denver costs just 3.8 
cents. 

"The price is so low, you don't 
even pay attention to it," be said. 

A month of showers - at15 gal­
lons a day for 31 days is 465 gal­
lons a month - cost a total of 
$1.16, about the same price as one 
16-ounce container of bottled drink­
ing water from a convenience 
store. 

The price for a month of daily 
showers is $2.24 in Minneapolis, in 
a stale called U1e Land of 10,000 
Lakes, where snow fa lls almost dai-

"The price (of water) is so Low, you don '1 even pay 
a/tention to if . ... We need to get lhe price of a 

shower up at least over a buck. " 

David Brookshire University of New Mexico economist 

ly in the winter and springtime 
floods arc common. 

In the · arid West, the price 
should be even sleeper to curb use, 
Brookshire said. 

"We need to gel the price of a 
shower up at least over a buck," he 
said. 

The reason for low prices is that 
utilities in !be West set their rates 
at break-even prices, not on the 
normal economic principle of sup­
ply and demand. 

The price of any other staple Of 
the economy is based on its sca~ci­
ly, but water bills remain constant 
regardless of how much water is 
available. 

Denvcr.Water and other utilities 
lacked on surcharges to curb wa-

ler usc last summer, and U1ey are 
discussing even steeJICr prices this 
summer. 

But once lhe reservoirs fill back 
up, the surcharges will come off. 

Brookshire said it would lake wa­
ter rate increases between 278 per­
cent and 463 percent to curb con­
sumption, but he doubts many poli· 
licians would stake their jobs on 
such an increase. 

Ro'gcr Bales, a research scientist 
at the University of Arizona, fol­
lowed Brookshire's presentation 
with a call for better tools to fore­
cast and measure snowfall, which 
provides much of the West's water 
supply. 

He said snowpack data, which 
lakes representational measure-

mcnls from monitoring stations, 
can be off the mark by up to 30 
percent. 

Scientists also have a bard lime : 
accounting for absorption and : 
evaporation as snow that fall~ in • 
the mountains melts, runs into 1 

streams and eventually makes it : 
into reservoirs. 

However flawed the tools arc for : 
assessing how much water they ~ 
will have, water managers 'still 
must rely on whatever snowpack 
calculations they can gel each : 
spring, he said. ' 

"There is a tremendous demand : 
for better information," he said. ' 

Jill Smits, a physical science , 
technician with the Environmental : 
Protection Agency Laboratory in • 
Golden, offered a $2 solution. ' 

Sealed in the audience, Smits : 
h~d up a plastic bucket she uses to i 
catch water in her shower to use . 
on her garden. 

"We're always looking for ' 
high-tech solutions," she said. "But 
conservation is the quickest, cl1cap- : 
est, easiest thing we can do." ' 



Ralph E. Clark ill 
519 East Georgia. Ave. 
Gunnison, Colorado 81230 

tel. 970-641-2907 
3 July 2003 

Hand Delivered 

President, Board ofDirectors, Manager, and Attorneys 
Upper Gunnison River Water Conservancy District 
200 East Virginia Ave. 
Gunnison, Colorado 81230 

Re: For Disc ssion of Long Range Planning 
by the strict on 10 July 2003 

Below are some thoughts from a personal perspective about what could now be (lone to develop conditional water 
rights held by the Upper Gunnison River Water Conservancy District. 

1. Several weeks ago I provided the District with a copy of my comme ts made for the initial meeting for the 
reconnaissance study of the Colorado River Return Project or Big traw. Ofparticular.relevance for the 
Board's discussion of long range planning was reference to a boo titled Megaprojects and Risk. It was 
published several months ago by the Cambridge University Pres . One lesson from analysis of planning and 

2. 

implementation of projects is to first identify very clearly and urably what is wanted by way of 
perfonnance. Then the project is designed to achieve this pem nnance at least cost. The authors note that 
too often in project planning a "solution" is in search of a p 

I also provided a draft assessment of many interconnected is es related to Aspinall Unit Operations. This 
included considerations for transmountain diversion from Colorado - Utah state line supported by the 
Aspinall Unit, achieving a more natural flow or hydrograph through the Black Canyon of the Gunnison, 
meeting flow requirements for recovery of endangered fis in the lower Gunnison River and in the Colorado 
River, allowing for future water development and augme tion projects within the upper Gunnison River 
Basin, detennining electrical power production, timing, and capacity relationships, providing for Colorado 
River Compact obligations, etc. This exercise also suggests measurable perfonnance standards for a long 
range planning process. 

3. The Taylor River Canal right was decreed with an array of possible uses, particularly domestic, municipal, and 
industrial. The many different kinds of future needs for water in the Upper East River could be addressed by a 
small diversion under this right located upstream of Almont, or below the Wapiti Ranch, and piping this water 
to the upper East River Valley in effect using a much shortened version of the Gunnison Ultimate Lateral 
Project concept presented to the District in the WET Report (1998). For example this would address 
anticipated water needs associated with expansion of the Crested Butte Ski Area. Over 7,000 acre-feet could 
be provided in a year. Current cost for water based upon the GULP proposal would be around $280 per acre­
foot delivered if the District were to give 12 cfs of its 302 cfs Taylor River Canal water right to a created entity 
such as an improvement district which would undertake and operate the project. This cost estimate does 
assume the ability of generally burying the 18 inch pipeline along the highway right-of-way. Alternatively, 
easements for pipeline placement along the old railroad grade could also be obtained. Also assumed, as in the 
decree, is the exchange of water to fmn up the supply over a year. 

4. Future protection from downstream calls can be achieved by transfer of storage for the District's rights to the 
Aspinall Unit, as was contemplated in the decrees for the Upper Gunnison Project. This could be done in a 
manner similar to arrangements made with the Bureau of Reclamation for Pueblo Reservoir. Even at a cost of 
$70 plus per acre-foot per year for storage space this would be much cheaper than constructing new reservoirs 
to achieve this purpose. The Aspinall Unit can be opemted so as to achieve increased storage capacity at 
virtually no ·cost for 100,000 -acre-feet, nr perhaps more, if the November and December managemenuargets· 



THE WOR LD I N NUM BE RS 

WATERWORLD 

The global scarcil!J of water is 
overblown. The 1·eal problem 
is sanitation 

Earth is awash wi th 35 mi llion 
cubic kilometer-s of fresh water. 

That's about 1.5 billion gallons for 
every per-son alive LOday. The current 
ejfective supply, however; is only a small 
fraction of that gargantuan figure. As 
the pic graphs at the lower left show, 
68 percent of the earth's fresh water is 
locked up in ice caps and glaciers, and 
more than 31 percent is buried deep 
underground. Less than one percem 
of all fresh warer on earth is easily 
accessible runoff-though even that 
tiny sliver represents about 524,151 
ga llons annually for each one of us. 

111e world's water; however abun­
dant, is, of course, unevenly disoibured. 
The amount of water per capita (usu­
ally described and compared using 
the metric system) ranges from a high 
of more than 10 million cubic merer"S 
per year; in Greenland, to a low of ten 
cubic meters, in Kuwait. As the map 
indicates, forry-three counuies curTemly 
fall below the internationally recog-

THE EARTH'S WATER 
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DECLININGU.S.WATERUSE ~ _._, .Yv,a ~ :' 
' 

The United States is the third largest consumer of water '] L\ 
in the world; only India and China consume more. In 
the twentieth century the amount of water used here .• 

.-

I 

,•·;· ,~,··~ 

rose steadily and rapidly until about 1980, when it ., ~ ·~ 
reached 430 billion gallons (1,900 gallons per person) 
a day. By 1995, despite continued economic and popu- , \ 
lation growth, overall water use in the United States ' ;,. I 
had declined by about 10 percent, per capita use by '":t 
more than 20 percent. The drop was mostly due to "-. 
increased efficiency. ~ - ··.l 
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Water suffic1ency 
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Water stress 
(1.00Q-1,699m'l 

Water scarcity 
(<I,OOOm'l 

Reg1onal water scarc11y 
(<500m'l 

Water-stressed megacities 

nized benchmark of "warer sufficiency": 
1,700 cubic metet"S per person per 
year. 1\venry-nine of those counu·ies 
experience "water scarciry;' meaning a 
supply of less than 1,000 cubic meters 
per person. Many countries in North 
Africa and the M.iddle East s in1ply do 
not have enough water for their citi­
zens. Even some counu·ies with a 
sufficient toral water supply have 
pockets of regional stress, including 
areas with large and growing popula­
Lions, tike northern China. 

Although the 6.3 billion people on 
earth today use only aboUl 54 percent. 
of the runoff that becomes reaclily 
available each year, those figures are 
expected LO rise tO 7.8 billion and 70 
percent by 2025. This has prompted 
dire warnings from scienlisrs and poli­

cymakers about an impending water 
shortage. But con truclive steps are 
being take n to temper demand and 
expand supply-and there is room ro 
do both. For instaJ1CC, irrigation, which 
accounts for nearly half of all wate r 
used each yea1; is noLOriously 
inefficient; in some developing coun-

-~ ,... . 
.,r :.,'\f ,; :."· 

v· . ..... 
• ., ·; :\_, ) I ' , .. , . . . "-"' 
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u·ies only 38 percent of the water put 
LO agricultural use actually helps crops 
gmw. Even a proven but nor wide­
spread improvement sud1 as d1ip ini­
gation could drastically increase 
efficiency, there by lowering demand. 
On the supply side, building more 

dams and reservoirs could expand the 
percentage of runoff that is "caught" 
for human use; current systems card1 
only 12,500 of the 40,000 cubic kilo­
metet"S of runoff available ead1 year. 
And we haven't really begun to tap the 
enormous supply of harder-ro-reach 
deep groundwater. Today we use only 
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THE TROUBLED NILE 

M any rivers in the wor ld are being depleted and fouled by 
overuse, particularly for irrigation. The Nile is a prime example. 
More than 90 percent of its natural f low is drawn off by farm· 
ers or industry, or evaporates from the surface of reservoirs. 
Only a small portion of the river ends up flowing into the 
Mediterranean-and the portion that does is heavily polluted 

• by ferti lizers and industrial waste. (The same is true of the 
~(17 Colorado River, in the United States: irrigation, canals, and 
., 1 evaporation draw off so much of the Colorado that only a small ~ -r " 

!;,::_·)''0 \ and polluted amount, if any, reaches the Gulf of California.) \ 11 
.::,.. ) t /·-. ~ 

"?':~--~·- ~ -~ ~· \·_ .. ,_ . .:: ·-··-·. 
,.,...~....._r ·-..!\.. ·.; •• · .... '-•. ...;· ' ........ , j'·' t' ).( .. -~ ...... _ · ...... , 

~ .J.y.:._ _,l:··:.">-··--~\ - '/'{ / ·:~ - ,· . .; .. '. 

MOVING "RIVERS" IN CHINA 

In an effort to bring water to drought-prone 
northern China, the Chinese government is 
digging three giant canals to carry water 
from the Yangtze-the world's third largest 
river. The canals will each stretch more than 
700 miles and will eventually carry 12.7 tri l· 
l ion gallons of water-enough to supply 
New York City w ith water for more than a 
quarter century- each year. 
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WATER 
PROBLEMS 
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........ , ·-- •. / r Taking the salt out of salt water is expensive. ·• "·· 1 ·;~·.··:~ . ( eJ 1 Desalinated sea water costs $2.50 to $16 per ,..._} 

e Insufficient drinking 
water (>50% of 
population without 
safe drinking water) 

) e f' / ( ) \.. _, 1,000 gallons (versus $.50 to $2.00 for the same •• 
\ ! ~. - ·· )-l · amount of conventionally treated water in the '• 
·' ' ·, United States). Only the oil-rich countries of the 
\. ~· arid Middle East rely on desalination for a sub· J 

I e Insufficient sanitation 
(>50% of population 
without modern 

(_ • stantial portion of the water they consume. Kuwait 
(which gets 51 percent of its water through desali· 
nation). the United Arab Emirates (16 percent), 

\ .. ., ., 
c-··\ r 

'""- ·· .. 
sanitation) 

600-700 cubic kilometers of easily 
accessible groundwater annuaUy, 
whereas estimates put d1e amou nt or 
total groundwater in the earth at 
something on the order of 10 miiJjon 
cubic kilometers. 

The fact is, dirty water presents a 
much greater and more intractable 
problem than water scarcity. About 
two fifths of the world 's population 
lacks access to modern sanitation. 
Unsurprisingly, sanitation problems 
djsplay a distinct geography: rural peo­
ple suffe r more than urban (approxj­
mately 80 percent of those who lack 
access lO sanitation live in rural areas), 
and poor countries suffer more than 
wealthy ones. In India and China 

THE AGENDA 

and Saudi Arabia (four percent) lead the list. The 
United States desalinates about 332 million cubic 
meters annually- less than one percent of the 
water it uses. 

together more than 1.5 billion people 
Li ve in areas without sanitation facilities. 

One of the world's leading poUu­
tants is human and animal excrement. 
Many countries dump raw sewage into 
their water supplies; po01; predomi­
nantly rural nations are orten unable 
to clean this fouled water before peo­
ple use it for bathing, cooking, or 
drinking. Afghanistan is worst off: 87 
percent of its population lacks access 
to clean water. A numbe r of African 
counu·ies - including Ethiopia (76 
percent), Chad (73 pe rcent), and 
Sierra Leone (72 perccnt)- are not far 
behind. 

Dirty drinking water causes wide­
spread illness. More tl1a.n two million 

people die each year from waterborne 
d iseases, which are almost entirely pre­
ventable. The great maj01ity of these 
deaths come in developing nations, 
among children under the age of five. 

Cleaning dirty water and prevent­
i.ng its myriad consequen ces is not 
easy. Sewers to remove fouled water; 
o·eatment plants to clean it, and hospi­
tals to treat those sickened by water­
borne illness are expensive. And 
African and Soutl1 Asian countries, 
which suffer tl1e most from dirty 
water; are generally the least able to 
bui ld a dean-water in frastructure. 
These nations don't have a sh OJi:age of 
water; they have a shortage of money. 
- }EN JOYNT AND MARSHALL POE 
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Comparative % Inflows to Blue Mesa Reservoir 
(based on 1985 report· which measured flow in these inflows) 

Gunnison River - 57% 
Lake Fork of the Gunnison - 19% 
Cebolla Creek - 17% 
Soap Creek - 8% 
West Elk Creek - 5% 

Critical Elevations 

Blue Mesa 

By December 31: ·7490 feet for reduction of icing problems 

By May 30: at least 7450 feet for boat access 
• 

Morrow Point 

Cannot go below: 7147 feet for tour boat purposes 

Crystal 

Maximum elevation:. 6155 feet 

Full pool at bottom of spillway: 6756 feet 

With 5' of head over·spillway: 6761 feet 

With old dock, cannot go below 6738 feet 
With new facility cannot go below 6738 feet 

Crystal Creek Campsite: 6765-7P feet (location of vault toilet) 
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1\ SSESSING WI\ TER TI~ANSFERS AND THE IR EFF ECTS 

T /\13LE 4.1 Factors to Consid er When Assess ing Potential Water 
Trcllls fers 

TyflC of Trnusfer 

C hange in ownership 
C ha nge in point o f divers ion 
Ch<~ngc in use 
C ha nge in systems ope rati on 
Ot.lt-of-bas in diversion 

Primnry Process for Trn 11sjer 

Volu ntary 
Invo luntary 

fJrin rnry Mnrkef Forces for Trn 11sjer 

Gove rnment 
Loca l 
S tate 

Executive 
Legis la tive 
Judicial 

Federa l 
Executive 
Legis lative 
Judicial 

Affected Pnrfies 

Rura l communities 
Support services 
Erosion o f tax base 
Loss of natural resource base 

Agriculture 
Remaining water users 
Reallocation of rights 

Ethnic communities and Indian tribes 
Ethnic communities 
Indian communities 
Agricultural maintenance and expansion 
Other 

Environment 
lns tream fl ov.•s 

Recreation uses 
Fish and vi ildl ife 
Hyd roe lectric power 

Water quality 
Damages to wa te r users 
Human heal th 
Ecosys tem e ffects 

Ecosystem protection 
Endange red species 
Wetlands 
Riparian ha bita t 

Estua rics 
Urban inte res ts 

Intrasta te transfe r cons traints 
Tax-exempt s tatus changes 

Federa l taxpaye rs 
Na tional economic concerns 
Windfal l p rofits 

O the r water r ights ho lders 
Junio r rig hts 
Senio r rig hts 
Loss of fl exibility 

Nnture of Effects 

Economic (na tiona! I regional) 
Los t revenue 
Lost opportunities 
New revenue 

Env ironmental 
Instrea m /fis h and wildlife 
Recreation 
Water qua lity 
Wetlands 

Socia l 
Rural communities 
Municipa lities 
Other 

113 

sion of the various scenarios. The committee supplemented its inter­
~iews with reviews of the appropriate literature and the expertise of 
tndividual committee members. The case study approach has both 
strengths and flaws. Its greatest strength is the honesty of the dis­
cussions; its main weakness is a necessary brevity and lack of depth. 

.Sources Nat ional Research 
Council 
fers In 

(1 992 ) Water Trans­
The West, National 
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ol Fuel end Nonluel MinerD Is In Fftder•l L• nd 

ments.'" Generally, these economic mineral resources (called "reserves" when dlscov. 
ored end delineated) represent mineral concentrations that ore much higher than the 
crustal overage. although for some minerals the lowest grades (degrees of concentra­
tion) currently conside red economically workable approach the average crustal con­
centra tion." Extremely high capital, energy, ond environmental costs make it highly 
unlikely, barring a rovolulionory technological breakthrough. that common crus tal 
rock will be mined for its mineral content in the foreseeable futu re. 

Nevertheless. a large supply of mineral resources is physically available in con­
centra tions substantially greater than the c rustal overage, which. although not cur­
rently economical. could conceivably become so with possible increases in price or ad­
vances in technology. or both. In the post, such developments hove been responsible 
for the conversion of substantial quantities of previously uneconomic mineral re­
sources into reserves for production. For example. most of the current domestic pro­
duction of iron and copper comes from previously known low-grade resources tha t 
were uneconomical to produce until new mining. processing. and transport technol­
ogies wore developed." Extensive subeconomic resources of hydrocarbons and alumi­
num a rc known to exist in oil shale and clays. respectively. that could bo developed 
given tho appropria te economic. technological. and political conditions. 

Similarly, increases in price or technological advances could lead to the develop­
ment of synthetic minerals. the use of less expensive substitute minerals. exploration 
for deeper hidden deposits. or the mining of mine waste piles or garbage dumps (non­
fuel minerals a re never destroyed. but rather are recycled or disposed of after usc. or 
dispersed as trace elements in the air.land. or water). 

Thus, the loca tion of economic mineral deposits is determined by prices, markets. 
technology, and time in addition to geologic factors. For society as a whole. tho devel­
opment a nd production decisions for a particular minera l deposit a re not simply "this 
deposit or none" but rather "this deposit or (eventua lly) a (possibly) more expensive 1) 
lower grade. more deeply buried. or more geographically remote mineral deposit, 2) 
synthetic mineral. or 3) substitute mineral." 

Tho situation for nonmineral resources is in some respects simila r to the situation 
for minora( resources. and in some respects dissimilar. In contrast to the non fuel min­
erals. which theoretically a t least can be recovered and reused. some (but by no means 
all) nonmineral resources a re subject to permanent loss. Examples include endangered 
plant and a nimal species. scenic landforms. and historical ond archeological sites and 
objects. Others. such as wilderness. may take so long to recover. once disturbed. that 
their destruction is. in a practical sense, irreversible. Still other nonminera l resources 
recover or can be restored within a reasonable period of limo ot acceptable cost. onal­
ogous to the recovery ond reuse of some mineral resources. 

Many nonmincral resources a re at least os limited in physical supply as most min­
eral resources, and subject to the same economics of more expensive. lower quality 

"'11.1. O.rnett and C. MorN, Scorc11r ond Crowth: 1M £conom. ( 19 76 ). 
k • of NoluroJ ReJOUn:e AvoLioMiryiiiH)n J,t-', McDivill nnd G. ••(Aol , note 20, a t 678, IJ()JTn! .. force Hcflotl , nol.,4,11 1 14· 16. 
Manners, Minerals ond o\fcn lO.IZ. 12·78 lttrt'd ed. 1 174~ J, "Mc.O.v111 1md MDnncn. note 20. at J!J.-48, 72-711: act~ Ibid .. at 
TIIIon. The future of Non/uel MineroiJ 4 ·2ll1177t Cool4 ''Umll.s 128(sulfur ). 148(nl: l "l' 
10 UploUat.ioft or Nonrenewable ReMUrces.'' 1111 Scknce 877 
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alterna tives. Examples include watersheds and aquifers. potential hydroelectric pow­
ersites. old-growth ha rdwood limber. prime agricultural land. ond white-wa ter rivers. 

Thus. many nonminorol resources. like currently economic mineral deposits. arc 
"whore you fi nd them" only in the sense tha t a lternative sitos. a lthough physically 
ava ilnblc. ore of generally lower quality nnd higher price. Some nonmincral resources. 
because of uniqueness. arc. unlike mineral resources. s trictly "where you fi nd them." 
in the sense that alternative sites are not available al any cost. However. no generally 

accepted formula exists to identify uniqueness. 

b. Value 
The long-standing premise tha t mineral activity is always the most valunblc usc o! 

a tracl of land is no longer widely accepted. It was hosed originally on the high net 
value of high-grade surface or nca r-surface mineral deposits in relation to the general­
ly low or minimal commercial land values o! the arid. remote. and unpopulated west­
ern regions. Today. however. two sets of !actors undermine this premise. 

Firs t. many, if not most. mineral deposits being discovered today arc o! much 
lower grade and arc loca ted a t greater depth than minera l deposits discovered in the 
past. They are thus more expensive to lind and mine than tho high-grade surface de­
posits !ormorly developed. As a result. the nel value of many deposits being discovered 
today is lower than the net value of deposits worked in the pas I. 

Second. major changes have occurred on the nonmineral side o! the balance 
sheet. For example. today almost all tho consumable nonmincrol resource stocks (such 
as timber. forage. game. and water) arc scarce as a result of the increase in demand 
lor such resources a nd the decrease in the land base !rom which they a rc obtained. 
brought on la rgely by growth in population and the economy. 

Furthermore. increased understanding of ecological processes. together with 
shifts in private and social values. has led to recognition and appreciation o! a hosl o! 
nonconsumable resource uses and values. There is a large and growing demand for 
va rious types of outdoor recreation. To illustrate. in 1976. there were close to 10 mil­
lion visits to the Great Smoky Mountuins National Park. Well over 2 million people a 
year visit Yosemite Valley in Yosemite National Park. These and other national parks 

clearly have a very high recreational and esthetic value. 
Besides recreational and esthetic values. a naturnl ecosystem provides s tocks of 

fish. a nimals. and plants for scientific s tudy and research. It was estimated in !967 
tha t approximately half of the new drugs currently being developed are obtained !rom 
botanical specimens." For example. very recently. a wonder drug for viral diseases 
wos developed from tho nuclcosides of n Caribbean sponge." The genetic diversity pro­
vided by ecosystems thus has immediate substantial practical benefits as well as 

longer range evolutionary importance. 
An ecosystem a lso provides functions or services thai produce tangible benefits 

without any necessity for direct intervention or use: 

••t:ruhiL. . ''Coctterw•t.on RccontKiercd."' 57 Am t:Cott lhn· 

111. 780 I1 967l-

o T P-/17-B't!' 

•'Cohn. "Orua Tre111100nt for n Viru~ 111 llnilncl I'll 'M"ior A(l• 
v•nce..' '' Wo.t.hin.a:lon ~1. AuK. 11 . 1977 . at A\, A1 5 
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. (These funclions]lnclude the absor 1 chng of nutrients, tho binding of soil th:~ on a~d ~rcokdown of pollutants. the cy· 
n~nce of o bolnnco of gosos in tho' oi egro ollon.of orgnnic woste. the muintu­
c~tmato, ond tho fi xation of solar cnergy~t~hoof~~g~lo llo~ of rod in lion bnlonco nnd 
etr, pure wotor, o green earth and b I f cllons, m short. that maintain clcun 
humans to obtoln tho food noo'r o a ondco o creatures: the functions that onablc 

. , energy on other motcr'ol ced I 
Estimates of the val r . . I n s or survival." 

/ the water purificati~~ ~n~u~~~:r~;~i~:n~:_thcsc functions include 583.000 per acre for 
functions such as sulfate reduction ca~o~nof ? '~c tla~d (n_ot taking account of other 
'~at~rflow support] and a minimum of $784 r diOXIde fixation. oxygen release, and 
bmdmg, wate r purification, and s treamside7 ~~~re ~or the ground water storage. soil 
swamp-forest." e r I 17.utlon functions of a Georgian river-

Finally apart f . ' rom any d1rect use or tnn 'bl b · 
uo to the preservation of an option for tl gi l c eneflt, many persons attach a va l-
resourc~. in tho future, or just to kn~w tha~oi~~sot~es or other~, to view or usc a unique 
demand value is demonstrated by the' 'II' ere. The existence of such on "option 
tion ~nd conservation organizations, :h~~:, ~:en~s to give money to na ture prcserva­
contrlbutors never expect to sec themscl e " he money to protect resou rces most v s. 

When all the mutually consistent con b 
sourc_e uses, scientific ond evolutionar v:~::a le nnd .nonconsumable nonmincral r~ 
ervatiOn va lues of n tract of land are c~nside~ e~~loglcal function~. and option pres­
tho tract may be outweighed by the t . ' e value of the mmera l resources in 
resource uses and values tho t would er:~ol~a? an~ pcrm~nent losses in nonminerol 
even when the social value of a secure do~e _rom. evelopmg the mineral resources ~alue .or the deposit to a mineral producer ; lie bm~nernl supply is added to the privat~ 

I 
eposlt of coal undor a skyscraper A . n o vtous example is a low-grade surface 

tion made for a low-grade molybde~u:~~e co~~rov~~sinl example is on uctunl cnlculo­
automa_tic assumption. in every case f p~s.l t'n a lghly scenic mountnin runge." The 
lead t_o mefficient resource use, even i:ouo hl~g •.er vn!ue for the minera l resou rce con 
nonmmeral resource values in most a g n ch mmcral resource may ou tweigh the 

reas. 

The difficulty of bolancin m· estimated. No general formul:s c~~e~al n_nd nonminerol values should not be under-
methodologies for valuing nonml·ne I e given. Each case, each s ite is different The 
c d ra resources vnr 'd I . . ~mmo~ · Some nonminerol resource valu Y WI e Y 

111 
the acceptance they 

with wide accoptonce-e g tl r h cs oro calcula ted by established method 
. 

1 
• ·• tose or t e comme · 1 1 s 

mg _ands and timber resources. Others a rc valu rcla va uc of ?griculturol and graz-
havmg reasonable scientific and . baed by methods s till being developed but s

83 
000- econom1c ses e g tl d · . per-acre valuation placed on thew -:-. · ··. tose usc to calculate the 

certam wetland. (Sec footnote 25.] a tor punflcatlon and fisheries function of n 

T~e valuation becomes more difficult an . . 
value IS b?sed more upon recreational use an: more. subJective when the nonmineral 
ness cons1derotions are token into ace 

1 
G especially so when esthetic and wilder-

•w,., .... .. ,.... oun . rea l Smoky Mountain National Park, for 

SclenceOOO. 001l107
7
1o.!IK'h Au S"l"re"• ~rv.ces Worth?'' 197 .. Ibid. ,. "Kn~tlllll . note u . at 7~ial 
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oxomplo. would clearly command a very high value, but tho value of n remote scenic 
urea . an area of unconventional benuty. or tho preservation of on option cannot , at 
present. be quantified in a way that wins agreement. Indeed. it is likely that such 
valuations will remain highly subjective and rooted in much larger vulue systems. 

Nevertheless. it is clear that the values of many people in the United States have 
been chonging in favor of nonminerol resource uses ns opposed to particular mineral 
activities. These changing values ore partially responsible for inc reased withdrawals 
of Federal land from mineral activity tha t. together with other restrictions, are making 
it increas ingly difficult to explore for a nd develop minerals on Federal land (see sec­
tion G). This trend may hove serious adverse consequences on the domestic mineral in· 
dustry and. after a deceptive log of 10 to 20 years (during which time currently known 
and avnilable mineral deposits a rc brought into production but few new deposits ore 
discovered and developed for eventual production). on the U.S. mineral posture in an 

increasingly tight international minerals environment. 

4. The Land Management Dilemma 

Land management and planning must proceed on tho bas is of existing informn· 
tion. This will a lmost a lways be deficient with respect to the mineral resources of a 
tract. as most mineral deposits. unlike almost all nonmincral resources. a re hidden 
beneath the surface. Ono of the principal goals of Federa l land management. there­
fore. should be to improve such management by obtaining hotter mineral resource in-

formation. 
But mineral resource information can be obtained only through explora tion. 

which is both costly and risky. A single mineral exploration project involving tho 
sea rch for only one mineral occurrence type con cost several tens of millions of dollars 
and yet stand an 80 percent or greater chance of failure to discover significant 
mineralization (see chapter 2). Clearly. neither Federal land management agencies nor 
private industry can a fford to obtain mineral information that would be adequate for 
each onc~and-for-all. mineral-versus-nonmincral land use decision ... Unless practical­
ly every cubic fool of land in n particular tract has been excavated and a nalyzed. we 
can never be entirely sure of its mineral content. Land in Arizona once classified by 
the U.S. Geological Survey as not known to be mineralized was la ter found by drilling 
through the overburden to bo underlain by major copper deposits. and many ore bodies 
have been discovered in areas previously explored and rejected by others."' 

An obvious alternative to possible once-and-for-all. mineral-versus-nonmincrnl 
land usc decisions based on inadequate knowledge of the mineral resources is to leave 
tho land open to minerol exploration so that the existing land use designations con be 
constantly reappraised in the light of whatever minora! information is produced. But, 
given the r isks and costs of exploration. private firms will invest in exploration only if 
they arc given reasonable assurance that they will he a llowed to develop any mineral 
deposit they discover. If such ossuraoce is provided. tho land use decision has been 

"S«• 0 . C. ll"find•hl N"'""" """""'"'"'"'~.-/« Ec~ ""''"' · " lh< """"""'' ollA>n-""' • ....,,..,toR.,.,.,.; 
nonuc fkv,.JoptMnl t 1009\. M1n1nlf F.n~ . l linuary 197&. al I. 3-4. 
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for A lui! ~Ida R.:.,o:notr .nc , '""J .a.cordtn!!IY I hoe t;trgeL~ \H'fC set to n~otd ICC tarns upsu:am but 

~111CIIL1llps1R::IIT' of the rC.ICI\'1111 1\"CIC ucqum:d dcc~dcs 11g0 lllllOIIClJi:t ltOR ot ICC JruliS ond floodrng 
,\tJdntnnully, the cutRnt pm~ucc of rcl~tnl!. \\.Uer on Winter mnnths to ochu:H: a SL~ond Ftll nfluvfnr 
Rcscr.ou changes the thmnod\l\llmtc, oftht: rc:~ch bct,.,ccn Tavlnr anti Oluc Mc:>a Rcscr.otrs m o mllllncr 

thot redu~ the po:crmal for tee Jams to occur 

Coof'Cralton to provtdc a more appropnntc nntuml h~-drogmph to the Iliaci.: Cnn)OO of the Gu=n RJ\ cr 
nJong wtth ctll protectton could r.:sult from pann~nng \~llh the Unromp.1hgrc Volley\\ ot« U$ers AssoctJtton 
(U\"WUAtto >Upport con•tructoon of a run-ot:m·cr power hydroclecmc poy,c:rt:enL-ntton t:Sc•ht} at the 1\'Ctr 
d"c•t•ng wntcr to the Gunnt·.on lunnel tJ,.,c:~-,tnn \n c-cr.mple of tho·, concept"~~ pro .. tded tn the\\ ET 

Report lhts c10mplc spccilicall)' references .utd ts b:"cd upon the r~'-htcn1tn~; .. pplu:.mon .llld icd.:ml 
cnvuonmcm.tltmpact ~1111emcnt prepared bv the 1-cdcml Encr~v Rcyulotor,· (ommrsston for the Prllag~ 
PrnJect of MtnncsotD Power und l.tl\111 (l'i'R{ ProJect 266.1-().l, 17 Octohcr 1 097) The opcmll?l'- heoghr lor 
lhts po,.,cr pl.sJll ts 20 feet and nvcr no,.,, ilfc compamble B:~.;ed on tlte f f tl( c::ittm.:ue for n rtiptu:ement ~ost 
and the cu't esnmntes fllr tlt~: AS L.stcrul l'ro•ect. ~uch " protect \\.OUid now tO)! nround S2 mJilton Wlul\: 

' - I 
Oftc:r.lliOrt!> ron ncClllmmodnh: nnd pmmotc n more ruuural hydtO\!rD.Ph t.hruu~h the Blucl.: ('~·on. Juch 3 run· 
of-m~-r electrtal power ~:cnemung factltty could pro-.1de u siTlllllte\C11ue ,ourcr It mtgh~olilso commn both 
Lite Dtstm:t·s nnd tlte U'\'WUA\ """tc:r n11hts toward dc.,elopml"ttltn J millmet atua~Un!! t:det:~l fundong 
u:.~ast.,nce 

\\'uhtn the l:ppet Gunno\t>n Rn"n. the D·~lr"t could hdp """"''B waaer users cop;: w dry )t:ar... w!tcu th~"Y 
occur. b) tmpro,~ng. tmgnt<on c!Ttc;cncy Re:seruch on buncd dnp or "rep h'tcms s ows lhe:r durabtln:y and 
pr~l"tlc.ahty The obJCCll\e L' to spply mucr when needed on!\· wtlhm the toot ro~c d lta\c a dl) surface and 
no "atcr lo~t below the root tot'" W11h the JIIPlll!\ buned l·tto 2·1 me he> Hft~410 ,ucccssfulh produce luv 
Wld foruge \\1th 2 ~acre-feet or ll~• of w:ner applted per 01crc tmcarcd Whtlc so repons luvc indtl":lted 11 

tt>..t of o.round ~~00 to ~900 per u"c to tnuull rhos tc.:hnolo!l)·. a more ll"llSonnhlc ct"lst csttmate would t., 
~1.500 pet aCJc Thl\ umnunt dcx.-.. tcmam k~' ~xpenstve thnn no\\ ~OthUUctmy te<ef\otr> and cwt;ab \IJ~h IL> 

dl"!>Cnbcd tn the l)lltncn decree: ror c<amplc, t.hc wend of the Ohto c .. ..,~.. C"~nn l wnh II capaco~ or I :!9 
crs V.O\lld be 20 2 feet WIUC" atthl' lu~hw:llc< lone I 0 r~ .... -.ode on the! bnttorTt and 3 I reel d<'<"P at htgh w:ll~ 

1 Should the Oostrtct prv"de addmonal w:atcr to trrt(llltors o: :...• .. t.ance wnh •n•c:<tments tn ung;tuon 
•c~hnnl0£,1c:>. tht< comnutmet•t ofrttbloc timd• •hould be nliKic ""h the: P"""'on rh.1t1h" -.hoi<' ofrJ1., 

benctiuml! property be l'!an-.1 111 u cooo.c• 'allun c.~>cntc:nl., that w.ater ~nnnllt be :M~Itl ,,rr ftu111 Lite p<Opel), and 
that c'uung "~IL"t ll!lhts be fully~ when "at•-r t> pl .. nuful on '"1 Y""" to ream e-<tSltnll v.:ster nlll'tl$ nm.l 10 
!oUi lU: n 0('31'\ln \ l""!\'hUIOtl UIUJ I \.'\:haft:.: A'llllf~" lo ~llffit! :)llu.::t.hun'• USC n( I he tJ"f' ltf ,._tS'f" f\."\; hnt..l • ''!)."t ftlf 

trrt~t"'" t> reported to lt.l,c been~" rnudt e.o,.us ..nd requttcd s.u mu.:h 1.-,., \\lllct tlt~t \\liter nght.> "•"' sold 
oil the propeny lot ~=mplc:. tho;" contc mplatcd along the hoJnt Rnngc ou u source for "'ll<'f 10 supp<lll 
lll"W ~ '\lodupmcot 

'>hould mntc onloruo olton on th<-.c thought> be helpful pl=•c cnnu"t me 

ltalph I Uarl. Ill 

c tu ml"'" 
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THF. BISIDRY 

tee ring findings .. '""II the story 
1 doubt Colo. in a 
ought, but it's not 

stale has seen 

treP,S tell C'..onnle \\ ood 
nn epic story. Parts or Colo· 
nrc sulreting the V.'Orst 

\t01l~l'lttn more lh1Ul300 Yl.'llfS • 
.1\nnonl growth nngs of pondc­

plncs I'CVLnl thnl ~lrt'nm 
tn !«~'"'" 1-'ronl Rani\CWULCf· 

Ill'\' lowet this yenr lhun at 
time 'lncc I tlll.'i,llN'Onllng lo 
Boulder' rtc tin!( "-'S<'rucher 

Thnt's two yenrs bcfon• Tsnnr 
.,.,.w,u .. set forth h1s l!w.' or tno· 

und tcven years before 20 al· 
lege<! v.1tches v:crc cxrt·uted ln 
SUicm.Mo.ss. 

And even lhnt Is relauvely re· 
cent history when It comes to Col· 
orado's stnrggle with drou\!ht. 
The 1\ n1J.SaZ1 dvtllzallon bUill 
smn!l ca!duncnt busln.~ nnd nn lr­
ngnllnn system In tile !•'our Cor· 
ntoB 1.11'\!1..1 \JL'\ .... CI'O 1\ \), 000 tlllll 
\2.00 Wll\ 11\1\Y )UWC bl"CII (On.""el\ 

by droug!\1 1.o nbw1l1Dn 111 flf\ r1 

bY l'•llO 
P.u•. '/.CIQ'! mnrc tluut hnltl ~ "" 

own"" th" hl&I.A.>rlc &enlr 
"You"' lookln~~o 11~ ont• o! the 

dn~~~- \r uo\ llw dnrst-~car 
In llOO or more yron~.• 111\loJ WOOd· 
hnune. who mr>«lruttca In 
drought litUdi.csn~ tht· Unlvt:rslly 

Studying the Colorado drou~ record~ Cunni•• \\ nndhnu . ...: C\..Jrtllrk"o.l pit'l.l: nl pondcrti..'>J 
pine utthc l111i1 c•r-.il\ n(fJ1ioro~du ln,tlluh.: of \nil< ,md \ lp1111: ){,..,,.._In h '" li.~uldt·r on S'pL !7 
WoodlllliN' j, ;nMI\·tin~ 1lw '\O:ri l ' ol rht•Lmr••ttt dmughl b1 ~1ud1 n~g tr l'l.~nng rnurd.' tiJII~ b.!tk 
11101\! tho\0 'i()(l )C. II" 

o! Oo!orado nnd tht• N.1Uonal 
O«:mlc and Atmospher1c Ad· 
mmlsl.rutlon 
·r~ r1rop nii!J'A' reeurchcrs 

&ucb ns WOOdl\011~ to look bock 
too Urnl' before rnln gau~te.s.thcr 
munt~:t,.n~anrl Ill\....,.'"' r.aw rnonl· 
toni In 6('mu>rld llJ'cUS liU~h ru; 
Colomdu, mulstua Ia orv:n tlw 
hml' r •II Jur•Lor ror 111 e lfi'OW\h 
ruod llllr1ullouH In nuv. width n•· 
1\cd )·••ar·l&}'L'tlr chl>n~···s In 
llvniiQhlro mol<ott.u r 

lle<'IL11"-" trr "ur·h tJ.S plnt'll 
nonnllll> pnldJ :r 11 nL.,.' lll'O'Nth 
nr,il ew:h )au' il Is possible to 
count bat: I: r"'m Ute 1•rc: ru. nn•l 
dctennlne lhr tllmnt~ ~l­
Uorili lh!•l pre, •lkd In a ~nr 
akndar )'1!111 ttnturtea to CO 

Wl)(>(ll\0\l!it Ulil:d I hill lech 
n~~r~.- Cl1lled dtndrodlmawlogy, 
to c-.. 111111: 2!102 Colonldo 
&trenrr• no,... tllonillhr Front 
llllll.I:C Ill ttl Jus~,.. ( or U~e ConU 
'" .\Yll UMt1• wuthercln>uahl 
)tnrll Af•worhercun••ha=tos 

• 1'1\b)-eur Is•" .c oru ... n,.., 1111 
~ ) "' llnet: If I !) nlOIII( lht• 
muc IUvn '" '" h ttl Slhcnhomt• 

trrshl'd 
• <,.'kar C~l: Is !lolro·rng lowf'r 

lhls )~nr t1uu1 o~ Ill'\,}' urn~ Ill nee 
11)!15 

• Bould~r Creek nnd South 
Bouldrr t'rTt·k nn• low~r thlS 
~c~r u-.·m nt On)' lime• alut·t• I tl85 

'TilCSt•ll• • nrc not min ~11111 
es r•r t I t•nnnrnclt•J'II. hul I ht')' pro­
\'lt.lc n prc11y tallhnll r lmnlt' 
recvtlt ~ JP' • •1Hv H1 t•·mtH ol Uw 
t.lr)'C'X\I'(·tnr . WntMihiiiiSC 1111ld 

StUll l'llrnnlnh>llhl IW\tt1' 1\ 
Pl~ll:t 8r, r. '-'1\"o/1 r. lloll'i fiUIIC 
n:: 1tl}' tn 11 cr I. ' p11· prunn11 Inns 
to thl:l)'*':u"a dmt rei'' 

It d<'Jl(.l d~ how )'011 d~OIIC 
druu11ht, "''' il Colorndo loc: 1 

rlona )'OU udy uml wh11t vurl 
mblca)'OU rorl.'lldrr 111hl Plt·lk< 

•wn•ru In n ur1Gua dro>.tllht. 
but Ill nUl Qn llllJ)n.'C<1l nlcd 
tlro\lght, null CYI!f)' piBCt In the 
&!.lite'-'" •latlll!l j;llJl ,.. 1"'"' nt &e 
•rrlty"Ju Ul 

l..'onnll' do>rs , '" <·UcHl V.'Ork, 
on<l ll could b~: \ I ~~~ lllo nuuh l•~ 
CtPck ' ' I !"II hM hall n Il l 
per enrr tr>e dr "111(11l ll11t ) "" 
C:: I ll ll 11 h lll lt1 

rot.lo Stare Unh~rslly. 'Bccnuseo 
t.h.1~·s nppurenlly not UIC' case • 

ColonooJo SLiltt• n:scnrthrra 
just 1\r.illlcdlooldnll: at pi'T('Ipllll· 
Uon rt'COrd.sltom el~hl Colom<lo 
9o'Ulhrr &tAIJorL• ac:nltercd 
ocross Lhc &Ultc. n e) r.-wnllru'<d 
llltr ~ recortl.~ b:l<"lllu liMO 

Thc Hl.utlonR Uu!)' ~todlt~ nn:­
ln Omori IJth•. Omnd Junctlo11, 
!\!onl~, l)d None. ("olomtlu 
l:ipl1n115. Hnt•kY •vnl. Ak1un "nd 
K.l!l.•lrr IOlllh or lkll\'l't Ill or 
L,ntnr·ltlll• c"'o" 

1\~ n\C(IrlhC e\ghl \~'('JI\hrt £(0 
lluns, llu• pN1od num Scpl I, 
ZOO!, thruu~h ,\ug 31, 2002, v.us 
ilitcr U-..;tn DI1J' rwnpnmhle> pt'rl 
0oJ llllCl' I(HII 

But nllhn:t' or the at.nUoM­
In Grond Jun<llun, Mont~ 
nnd KlllUIItr lhl:rt l::1\~ bfton 
5C'o'M111 8.-ptrmi~Cr-\hrouah Au 
lliUt prr1ocl dr1 r thnn the em~ 
llil' ju:ll cJtdoHl'd, 1 1c1Kr lAid 

In ttnutd Juuc·11oo. lor rX!lln 
J)lA' lhro tlllt WIU ntHII Sc!pl I. 
Jti.la lO 1\>rg 31 111~ llo l ot•JI tit!' 
It< 1\11111 I o L'CIVrd 4 1,1 Inc i te$ or 
I •rt C:lf'IIH( l 

Wl'.slem Sloped~ reo:lvnl ~ 
lw:hcs. 

The Colorndo SUltc rt'#lll'l:h 
crs plan to c:~:tend their sr.ucu 
bade to ~ 193Qs to sec how Lhe 
200Z droughl COiuJIIlre$ to Ulll 
OoiSt Bo-..1 }can. 1111 , ro rrum 
which most !! r the \\ r t • 1 l!'l;< 
fcdt mJ "'· atcr projr:t:~ sprun( 

J'ho• lltnlcwas SlniCk hllltl d•lC 
lnjllh~ flu~ lltt\\1 fuld ll10•l ' 

·r think lhl.s 1:1 prububl) lht' 
'·\OIISI drou{lhl alrwc th•• lOll 
bulll hll.\tf\ bcouu t .. og tcnn 
101111' or th<· olh~n~ U\ JtAI\r ot 
)·rt." Plr'..krl'tld 

F..-<:JIC'TU • ~ UIC' N nl!onlll Olrnll 
lc IJ 1U1 Centrr ha\c b Kklomlrr 
v~ ..... · or t.'tL• )r.lf'a drvull:hl Uum 
l'lrll;r 

Oolorudo,. ~ ani' or b Ita N 
Ulnt I'\'COnled the dr1e &-1 
ber Uuu\lgtl AUiU.U prrlocl 
na llonnl l'f't'Ords lx-IIJln In I 
lt~t• crntc:r anld Thr ut.h 
Non h l-"aroolnll, \'lrl:ln 
AIUIJ I llld Sl'\ 1\ll 



Running dry 

.. , •• C'h 

tvcrvon~ know < Industry n eed< on. ~ow P"Oplc ~rr \\IOrrying ilbOut W:III!J", IOO 

"W"TElh<ttlrollofthemtcrnrury, <;Ures Ia cxlrnd ~c=s to dean 1\'lll~r md 
drclue• •\ndrew Livens, the ch1d sanll.llton tn rhr world's roor But It 3l~o 

c~•·cuii\'C nl Dow. a chrmrcal compnn)' poses l prolllrm for Industry. "For bm1 
Ltle orl. w:urr ts a crhlcallubricJnl of the nr,,r,, water " nat d.lscretionory," '·'Y' 
~lob;rl rconomy. And ns wtth o1l, <Upf'h"s Ot1mtn1c Wnughray of the World Eco 
n( ",1\er-,ltfcol..>l. lht• clenn, cosllv UC<e"i nomt< forum, olthlll~·IJnk. "\Vothoullt,lll 
ble '"" oro cnmtng under enormou.. dustry and the ~lob.ol rtonom~· fnlter," 
•tratn b~c;~u•c '!!the growmggiob•l popu W.lltt " an essenunl tn~red1rnt In 
IJ,unn 11nd ~n •mrrgtng mtddlr-<la« tn 'tluny of thL· product< thJt :inc <ttperrnor 
''"a ttl.ot hankus for the war~r tntcrul\·c lr:cuhr!l'cs.JrMnrcan.a b>nk,reckons !hot 
hfr cnJovrd h\• people rn the \lie• I. h•·r h1g lood .1nd bevcrnge tiJnt•-Ncstlo!, 

()ol prtcrs i""'C (.tllrn fmm thcu recrnt Unlle-·er, Goca Cola. Anhw.er·IIIL!ch and 
ro•ob, but cnn«rns about the 0\"atl•hlltty Oanon.,....consume almost 57~ blllton lllrcs 
ol fresh'''"'" <I ow no si~n of abattng ol .,.-atcr n \'ear. cnou~lt to s.111s!y tho• dntly 
c.olc.Jman Sachs, .1n mveunumt bani·, l'Stt wurcr n•'tth; or rvrry p~non on thr pl1nN 
nt!!lts thai Rloh.rl w;urr coouumptton r. ,\hhou~h ·~n,ulture u;cs mn;t wntcr 
dnubllng n•rv lO Y""rs. which It c;•ll• an f~r• chnrt on nr:;.t p.t~~~. many othrr pro 
"un< hht>nnhlo·" rote nf Rrowth. Wnt~r. un du ' nnd \t•rvlce• olho dcp1 r:d on 1. 11 
Ilk• otl, h.,~ no suh<Htute. dimnu• thanr Ia I 'nround ll n1htc mctrt'' of lrr<h"-alu 
,, <lllcflnc the raltrrns or freshwat<r oiY.ll! "' produ .. Q ~lnnlnoomm semiconductor 
ahllttv tn compl•"' '"")"' thnt cnn ltnd to w.r r. luruamrle. Chtpmuklnr,tqhnu~hl 
tllOU! frrqu,.nt .uuJ scvtre drouihu. to~~ :c~tttrll for lS':<. t1f wnter con,umption 

Untrnmrn•ll•d mdustrinlts.llltlll, par h Silo "" Villi"}' Enrr~~ prodtt<tlon t< <1hn 
uculurly ln pn•H countr~t·s. 1~ coniJmlnou V..lll"f i11tcndve c.uh yc11r ,;around 40 of 
ll41: 11••rs and aquofcrs Am~nca's ~<ncr· ll>c lrohw:oter wttholr.own fmrn l•l··~ and 
OUS ll,bsllfl•s for blniutl ha\·e lncras~d Af)'llfl'rlon Anterltll I~ u.•ed IO Cool fiOI\"ff 

th~ ht~n'~t.\t c•f w'tttr ntrrru•,·e uops 1h.at , pllniJ.. And S•·raro~t•llJ: Just on., htp of oU 
nrr now ••••d lor c n<liY •• '''"" as lood lrom l.tr A !Ids-a cn•rly nhtmuttV\' furl 
And heavy sub>td<es for .... -ara In rno~t madeHohlebyltl~hotlrnco-r..,,.,u~up 
pam olthe WI) old rnun Ill• nflcn eros,~ to""" lotte• ol wntcr. 
un:1<rp1l<otl-and lu·ncc squonJeRd. Qu.1l11y rrutllers A\ ITIUth '" quant1ty. 

All of th 1 [10 ... • problem, fi11t ond At<ordlng to tlo~ World llauk, •mund 90T. 
f~, mou for hurnan \l.flt.ue At th., •nnu· nl ttw rt vr:n 1n Chtn~ n•Mr urban ••rnc Ate 1 

\\' •rh1 Watrr \\"cek c:cn ft·rcnce In Stock· s.ett• •tl"oly 11nlhHrci Thr ov~r.t11 tolt nl wa 
f-tofm lhtt \\ f'Ck, dt•1ffNtJ fonn~tJ on rllt:'l I t~ Cr.l tCh)' frO;"rt fll"'llutl• •n Inti thr c!t f Jr. 

Al<a in this SPction 

54 Car ta.e.s in China 

54 J01qu~r Land Rov•r 

55 Jnv~stlngln law firms 

58 Dealing witll the d_o_w_n_t,_.,_"--:---­

S8 Google' s lifeless virtu II world 

59 r.ce value: Subr.~manl•n fl•mador.~l 
ofTCS, av1Ur or lndl~n softwue 

Budnu s.vlew. o.H onU· •colr:-" o" buson~:. 
·'Pi''~'' nr E•onomh L~om on ru~d•vs. 
P~n~nd prc~ont column< a~~ """'•dB! 
""". eco nom Itt. CQ m fbv .JInes 1 vt '" 

uon of groundwater-is 1!:\ttm~rrd to be: Ll7 
boll ton yuan l$11 •• 1 blllton)J y.~~r.or almost 
1'- of C:htna'< ~nnuaJ OUipUL In JOOj poor 
w:urr quJhty co<t Chrna some $u boll ton 
or.I03ttndmtrtal output ~lone 

Elsewhere. Tatpe.i Oty tn llltw:ln no 
long~r allow'< romp3Itt"li to tap Its ground· 
watrr. bt"Uuse or <hortag~ ftnns tn 

drouRillridd(n AIL\trJ!ia h,1H ltvrd und~r 
\trtnge nt water restr1ttJon< for ) cars.. 
Southern Compan)l an rlcctrtwy uultty 
b.nrd in Atlanta, tempornnl\' Shill down 
'umc of "·'power pl.mts last summer be­
t•u<r of u drought Indeed. accordtn~ loa 
~u rvry b~ thr M&t"lOh Crnln! for Rtd,; In· 
<~ehr ., ~o·, of Fo•l•onc 1000 comp.1ntes 
,.ml the tmp.tCI nf J W3ter shomtgr nn 
tltr•r bu· oni'S~ would~ "se,·err" or "cnta· 
stmphtc -but nnlv oll. , .. d I he\ .... rre rre­
pdr<<l for ruth J crm<. 

Not .111 comp<~nlt< m• slfnn8 >ttl~ ~~n~ 
1?9S Do• •, hns reduced th• amount of"~ 
fer 11 usrs per tonne of outpur bv ovrr a 
thl,d. Nr.sth! cut t\S "111rr con<untptton bv 
J?lt. h•twrrn t9<J7 .md >oot., C\'rn '" It al· 
rno•t doubled thr vohrrn<' ol food 11 prro 
dured. \nt.l at Cnc.1 Coh boltllng r l,ottt> 
from ""~"t'' to llrl; 11~. ""ooh n( IL\h 
~wlm In \\";Iter tank. li ll ~d Wllh tre•rr•d 
'"""t..-~l~t. tt•>tamont to tlte limt's cnm 
mllrnrnt to cltnn alltn w•~tewnttr b)' lCIO 
fill\ "Jlt. nlthe wa)' th•~' 

l.)nh.s s.1y such procmmtn('\ nc mere 
JHtbh'- rel.tllon' Th~r t\ \Owr truth to tl• 11.. 
Comr lllh.·s ah.u uu: frllthw t•rr tn UU!'U 
"htrr h 11 scucr ,,,., undtnu.ncLobly 111 

pupul•r Ach•·t>ll han otll·~~d b th 
r.oc., t;('la , "'' t't-1nt, (or iruto~nrt fer all"i'" 
tdly drplrllng grnu h•·atcr ln lnd :a to 
tn•kt bottltd dflnh. ("oc 1 Co!.! lnok tl c 
11 ~llf':f to COUll 1nd \!oin f"l' UIT.t1t'd b\• lin 

tn.lrpend••nt cornmt.siJon. \\ hlth bl ,1 .. d 
h rl'1:t"nal dro•rcht fur w:.1u lloorugro, hul 
•~ hv•''' •. erft 1 ot molhfird i ... ocn C(lla h1'' 
'"'tlllru l"' l loy ootloul Hn~ lu att•nt l'n In " 

53 

• 



S4 «uslous 

{>~ t,1wt< ~~ Chloa 

Taking another road 

china £1ml~ ~ w.w tt• tut c~r imparl• v. tthuul olh-mlin~tthc \\ "I 0 

T l'SS th•n a month nftaloSJnlt 1t~ first 
L lef,Jl dtqJUte Wtlh the WoriJ trade 
Org.1111S0lllon(WTO),!_hrna has mlro­
ductd a nrw I.IJI: that\\; til nch,.•v•~ much 
of wha111 ongmaUy Wllfl!td,only hy 
anolhtr rnule ~\nrcowr,ll i~ a "sreen• 
talL Who could ob)ettto 1h111l 

ror thev.utlcw )tntsC.h tn:t h.l\ 
•mro<rda srrroallS"'.t.onll on unported 
C·" pbriS. ntht r thJnth~ w.ualto'lo,lf the 
pam made up mort than hJif or the 
valur of ,, vehtclr. Umportrd new c.m 
~r eu\so~ub1ccllo <1'•· wlll.llht<w.l' 
In ncnum~dmto~n c~rmuhr stn mr 
mortlO<.ll suprh•·" .ond teduc~ •mJlorls. 
i!UI AmttkJ.,the f.tlrOfltan Unton ollld 
unnrl;o •nv.ued thntlh•· tJ rllf wn~ ~!!"'""' 
W40 rul ·• ht]uly th•'" rO,Ill<rdrn 
Gc:nrVi,, aJ;rt!ed 

l.lll twue the prcvtousl~vel Gars wtth 
~nr.rucs bel''· ten 1 and .u htres wtll be 
ux~d at~""-up tronus'll.. 11te L•)( on the 
~m.tlks: car~. with engmes ~malltr th.rn 1 

htre, will falllrorn )llo tot).. The ~T. and 
10% 1ues on othrr c;m will no! change. 

Titc ~:overnrncnt \o~ys the new tax w•ll 
r:ncoura~r ,.o ~luft 10 more furl-elftCicnt 
ars.ll wtll i>l~o help C:hmcsc c.1nnJK•'r5. 
II$ they lend to mil~c cnrs \vtth engine~ 
snrollcr ah.rn 1.51ltre,, Foreign car make rli. 
whtdl mokr· most or the cars wtth larger 
tn~tnc..., wlllsulfcr.lmporll'd large· 
cng•nr• rn" ilthwved record ~leo. ~row1h 
tn the h"t h~lf nl :oos. rncrehrn~ by 
11>~ to 80,700 unl~ Imports of car; with 
3 htrc en~:lncs R"'w by more thun so,., 
~nd tmpur IS of 'J10<1 UllliiV vehldcs 
wrr .. Ull 79'Yo. 

1\utthcre wrre stgl\5 of il ~lowdown 
cvtn before 1h~ new IU:<. Althou!;h thr 
Chrn~s~ c.u m.u~er bucked the clobal 
tn•nd rn the frl'il hnlf. htgher furl c.osu 
nnd tumblln& S1odm•t~ts ;ue nuw 
punrng buyers otT <h•ernll soles nre still 
eo<p<eted to riseth" ')'t•tr by 810'11. but 
tht< rs halltht·lr·•·•l JJredwed 11 thr ·.rart 
ur the year,3nd far le~~ lhmsuu.:.<hng 
forrrsn carm~ll'l< were horong for. 

Chrna may yet appeaL In the m•'·'" 
tlmr,thr aovernmtnt ha\ fuunu ,lnothcr 
way II> rtdutc thr tlnw oi cxJlrn .. ve 
Autumouvt tmpurl>. On Augll\1 13th thr 
g,ovrmm.:nl tLnnouncrd ~.tncw '"Krten" 
tax thut ""111 come mto effect on Septem· 
he' t..\1. lhe new lH~ IS me.uu \0 tt'duce 
luo:l •"On~rmpllon ar:d tiP,ht pallutlo~ 
RalherthJn !u,ther rau111~ tho· t>xon 
lucl. whtfh tnn~:ucd by ;~!mast lO'\. an 
Junc.thc GOvernment is •• t.mc @:>.•·su:· 
wq:cnrs lly on an>n~ng coonddtnrc. 
mo-;tsuch carsnrr lorcJl:n rn>de. 

Gars w11h cn~rne CliJl><lllts l.lrgcr 
than J 1htres "'II now tncur a .&o'll. s.tlr< 

• "'ncr-for tn.\l<~nct, by l•llc\.tnl!: a sd\1 me 
111 Kat.u.h ta to 11·~ch v1tll~rr. '"'""'to lm~ 
\'Ut r.un\.VJtt.:r n.111i ur~lt! uOfl!l; rnvrc rlh 
ru·t1tly ""l{t•guiAt('lr)' hCdlC•'~ 10 vw.ltt:l 8ft 

oor tnO'J~h." ~vs Jd! ~~b11chr oi c tKll 
I oiJ '\\'l" rn·t·rl ~ woal locence-the OK 

fwm lhc cmnmuuny-1n up I' I .Itt: • 

1,..\.lltm~ wo.~tt.r lOI1\11mptu·,n cnn ,,1\o 
111rtke bu~ncn "S.tnit• \J•an~ h•S."f \VolWf re 
tlu~;u ,.pending on wl&ttr .ttqUI'Itlllln 11nd 
u tlltll'nl, :Jntl 1.111 lht- 1 h•.m "I ot w.•~l ( 
v..o~tt r Sc.•ml" firnt5 l111'¥t no ... ltnlct•. t ltnn 
( hrnuc.t\ lR (lunu 1\ wnrhn~-". \\o ilh Ci ··n· 
Na1 Utetnt to r~cy\IC 110~ t1l I" w '""'' 
\\..11tl Ill tumply w11h llrliiOi ·, )11tlll 11('\ .. r 
"'1<ht hquod chchargc" rule-;, wlwh I~" 
tntH1hlnH•,hom dump nR wa\tt•w.th: r 1nro 
•hC' t'ftVUcnmrnt (.l( NC'Stlt: ·~ 4ftli.•CIOfll'" 
'I·UT\ti'A·HI••, ·19 1 1 In O,:flflnt'l\' Wolltr 

' ' n . .sfd lfVon1 \\tht•rr. w.tl tr 'nn\l'tYill10n 

Chln3's nrw tU IS canny. II cuts fuel 
u~e. redure« rmports, benefit• local c;u 

mnl<crs and may hrlpto Improve"'' 
qu~ht\'. II also prrvcrm .1ny more pesky 
cillls from Gene\'il. 

truo depc rult·ncc on w:ater.Josc l<>pez, thr 
thlrf OJlNillrn~ co!lt(CI or N~s•le. note~ th.ll 
llt:alr.es fuur hues or w:arrrlll make one hill' 
,,f rrndu<t rn Nestle"; fncronrs, hut J,llOO 
In res of w,Jit•r to &fOW rhe agmuhural pro 
duco• th.ot cots lrtll1 11. Thr'r \.000 lttn-s 
m~\' L•· •nii<Odr hos ronrrol but ahtv ftte 
\'t'r\o' mu'h apt~n ofhu busancss.. • 

I Wlthdr.twdl>ymptnnts 
d ... ,.... , ... 'lfli1P •-.· "\')('41 

< 

J 

l olnd It' u•e \ lht nnly • •llrt<H1. 
"Uth br lghtl'lfflt Ul'- 1I&.S,«.H11y ·I dru1• 

tn tht l1udr:rr II n tlrou;}n. ~evt'n w~r.:r cl! 
-., fl(a"JU•· .. ~n ~uo lnl•, tlrt\iblt \\on· 

av. '• tl-~ v.:.tu U.\t·d wuhan 11 !artmy~; 
llhl•o!l noo lyaunyf'r.lctronul ~hrm\ 

o- LJ 
1':0 "' 10 __ ,_,_ 0 

II> :C. nl' -

Jagun LJ~d Rover 

Now it's personal 

Oc~p t tc h.ud tunc• ftU rhc rn.oltr.t' ol ho~ 
<ar•,JII! •~ lr.lpfl)'Unrler '''new nwrlt'r 

W
ilEN R•t.ln Til dauned own r.h•p 
o t jaguJrlJond Ro\'CI ()1 £' fml'l Ford 

an ~arly junt".oret>llh• ftJ\' \'1511 he madL 
•.•.'39t"llhe ja~wu hrrr' age mu urn otthr 
Unmh fum's t•ltl su•• near ntomtn lr.rm 
llte 71 Y'''" old Mr Jilt.o I• ·;oiled th 11 hrs (;t 
thrr h.td bnut:hl nt'e of liS lir<t xtaJO 
<rorts c3 rS tnllr«'late t940S t:o• only wa~ 
thr museum ,Jhle to drg ow I n~ r~thc r '< •lr 
d~t !rom the ardnvrs.tt 1 I so rnok th~ • hat• 
m~11 <)( the lndl,l n ondu< II oal cno£1C mr r.ll~ 
fnr , sptn 111 .1- molar 'lt II Wol\ the kmd nf 
fii!I>On,,l tnur lo thn hoth tht• u.rdttr• n 
<lccpct.l car fum, .wtl oh new o"" nrr, hop•• 
"tit chan<ll·m·· lhru ... laoror" 

Those IJ· I;ouorrs m ·~ undt•rgo m r.ufr 
lt<l When f,oLJ MnlCI" hou~hr JLit for 
ahout Sl brlhon. ot loCikrrl h~eu ~nrl deal 
fhanks 10 ~nrd's II tnsfnrm.liiOII C'f Und 
Rowr, r•• h.1d mad~ poulots of S••sorn ,, 
1007 W11h liS well rrcervc<lnrw mtd srzed 
S3111Uil~ th~ XI• C:VIfll J:lgH.U. 4J r~rcr'ln'Jf 
lcos.srn;oirr umln fnrd, .-·o~.$dOSt'IO 1urnms 
tlrecornrr mrn profll In th~ ···~· CJUJ!ICI of 
thiS yc.u IL~. f,ll ~ll(lJ'II1fti,OI S.Uun 

Bur hfc Ius trnrc become rnuch harder 
l<>r rn.rirrs ol l.u~ pnwuful cars.. In 
Amcnca. whcrt prllol 111 SJ p<r g.. II, 'l 
m(ans bte spurt utrhty vclnd~ h •vc '!>Uti 

dcol\' l•llcn !tom lovour, L1nd Rove~·, 
s;;~IM ldl by u':\ on the vur to lui)' 

So f•r. bOt1mont drm.uul m Rus~u (ui) 
by tt>h'f,hnd C hma (up by t~t'l)lu" e morr 
orlr..,; plull&"llrlot• g.op l.,nd Rov~• ~over 
•II ~.tieS ru~ onlv 1.7'1. lnw<"r ye-ar or year 
than rn 21107 llut Ita's new brus, D.tvrd 
Sm11h. Jtknu ... ledgts tl)do lht ~cc '"d half 
of rl•t w.or wtl! he nuuh rougher L1nd 
MCiver's pmtluc••<m t\ hrlnJ: sc.oh•d back lr~ 
!5 41.1'\, <lttH•m11ng ''"t"~ \r nrl• ouud••l 

1\ f arth( r \\'Ofl.,. fm ll k l~ 11~h ll"nmr. en 
\!Unnm:nM1 rules tn rn \1 of It hr& m:u 
ketr. lu 11HPf~ carmnkrn w11h Ot•tts•vtr 
. t •nr. mOll'! than ,,, J If 10\ ,,, I I) r' I 
kl(ll l\l·lt(' IJ:Iktllllll• ltkt•i',•lu (,, • hlliiO,II, 

ptnahte~ ~ an•~ IIR ' ' I' '"' ul~tl~ "~ 
j>OH•d lrl lll'SI ( (1 prllclllllt • r>llt~ ,II0\1' 
IOJ:uar x Typ•, wluch <IIIII> IS~ ~/km II 
wnr~t IS t1 e M.JI.ge kuv, r Spnr1 wl11d• In 
MIJittcloJ o ~<"d \'I form cluu k ru l 111 
i:!lknt [,,,.r ( h111.1 h..t\ 1 11rd 10 ,,._ ••u 
gualcflh.t•t htu 

I \'fr\ so. 11n· 111(.'()(.1 wnhr n J L IR u pt-l'.Jt 

Nol ,,tfy .11 the cnm1•ttn<y Y-111 , ') b ... -
woul fth(IUI 1 ~ \l. hu:h H 1 ( •If II( lt.>niV 

dooltl< I hullu: II V!14l! II" r '" I • 
ll t.uppl f O( r Wt•~tt liU arul I "l J i:\ 
fiUI lherr L UlC"VIt ,t--(~ I to • I I b 
tl • t'lurr r Jill \\:l'f of r .. thn 
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\IO l "'T \I 'I \11 \DO\\ \I\ 'I H;Ei\IE:\'T: 
POTE.NTT \L l i\ 11, \(. I~ TO "iURF.\Cl \\'\ 'I EK <)l 'ALI fY 

fl,1• /rll llrtiii/TIIt'r 

R t' 1rnrrh \ rirnti \ll')dwlar J II 

M OW1'Jm m.:.1do"' ore on imron.1n1 lnrage tc,nur,~ 
fnr 1hc li•csl"d •ndu'tf) 111 ~~o-c~tcrn Cnhmldo. ,\1· 

thou~h thc:~e mc:.ulm\\ 11'1: u'cd pnmaril~ lor h.1~ pmduc­
'""' 611d !;IOlllll~ uf hvrw..:l.:. they nl•o rrm ide 100\l :m.l 
habalhl for V.!ldhfe,tlcl.•y n:1um llnws 10 •tre~ms nmJ ti\C~ 
throU£h tmgJIIPII, .uul 11'1: llc:SihCIIC:!I!) piC,\IIOg, \'hll h 

IS 1mpon.uu fori he 1ouris1 in,lu,lry. For.•gc produd1nn 
from 1hcsc lnl!h clcva11nn gras~Jand, ha\ been •mrro1ctl 
01 cr I nne by ul'lal!m~ 1rri~.1lion ws1cm' lpruuanl) tlvnd). 
.11lchn~ fcn1h1c am1 m.murc, .md sc.:din~ •mprovcclplanl 
'J'C<:ie,, Rc111n1 llnw\ frnm the lloou irn!!OIIon P•• 'l ll'C~ 
f'IOVIdC a r.tlh" ~ lor lhl" 1tldcd OUIIICill\ 10 fCJCh ,llljlll'Cill 
"111cn. Wuhnul prop<'• nutncnt and !;t:llmg. maOJ!)Cnt~nl 
nl I he~ mcJ<Iows, I he potcrutal c.,ist' 

'"""I'·''' 'llfl.•o:c "'a1cr quaht)·. To 
ll<kln:"' lhl' ruuc, 111on \ludu:s '·'ere 
~nndut~ol1n I he tiunm.an B:btll o( 

"C\lcm Ll'lura.ln tlunng lhc ~000 and 
~l_HIIUTIO.tllllll uo,I<OOS 1\\hllc, ~00~1. 

lll1111/flrT11f1 ..,/1/t/.\ 

lit.: uh1r( Ir-e t>l rlu' held o;call' 
lud~ v. ,, to mnmlor \\,ller qunluy 

''' •m~ ,lion mllnw' .Old rerum llo"' 
Iron' lht~ llood llllU ''"' monmum 
tnCJ<hm Ill lite loUOII>• m n.s•in lhul 
h:rd t.hflcrcnllc•·cb ol fcr11111~1ron .1nd 
rr.lllng 01·111J~tltlct11 t \\'lult tl .tl .. 
2!~\.l) '\ole I 1\J\ ml.11<11tlall~ gr.uol 

from l.tl~ 0.1ot>c:r "' nucl Ma~ .1nd 
ho~nnt.tll~ lctlohztd "tlh <hammomum 
pho~piMie I IR-4!>-lh. "''" 2 ".'IS !Haled 
lmnt late (X,obo:r In c;uh June: :111d unfcr-
••hzcd,and Sole 3 "n' g1a1ed for.:hlfcrcnrlcnfiiL' olumc 
11o11h Vil!'\'m nu:nl>ers Col an1mJI< frotunlld Ocrnl"'r In nucl 
\11\'lllld fcn•hzcd u~lll£ l'l!noll' fomtulullon\ or m1m~cn. 
phmphnnu, .ulJ \Uiflll , o\llrhrtt "IC\ were llii}Cd Ill lulc 
Jul) "' •.all~ Au~u\1 

Satt.: 1 srturnedtl~ lu~he\1 um~,unt oi ne4lrl} all t.:t'ln,IIHI 

em' n'IC.a l•n:•t S•tc: I "'·"·mh:nutdJatetn e,ron •. md S.nc 
.l. ro~nl,rd IO\I.C\1 ill c..'ptrt o,~'-OIH""I U:\)£CO c.on..-:t.•ntra 
Uut'\ 111 'tlun 1\o"'s. fmm ~n rhr:c ,.,cs Jcchncd (l\C'f rhc 
tm~.uaon c '\On bu1 u\·cr ~mples, "c:rc n~\n hth~" the 
\IJI dan< dcmun trdlln£ ·~ .>anltnl'l I nl~l · 'J'C'ldcd whol \ 

kim('() 'fU '·'> urd n::numet1 .tt arrro\.aln.o•IC'h IIi m' 
L lhrourhout thr \C'\;Ofld h.:tlf ol each "C'•liC•I "•"' JI\Cr 

t..~~·nrlc haw1 • •ht" h1 ~1c~1 le:'\iclS tnlh1"'' h.a\ l'l tnt~r 
lllclltliC •cl • ·•d ICI :n llow•l!3\• ns the lo"c IIC\ I 
A

1
1tl rcc I~.:' \\e-re: \tJm\cttr "'' l li4tuc to lhr' c·r ''"' 

lillcnng copacH}· of rnour11a111 nu:ado •' s. CoO\ .-ndy. ' ' tral 
dl''o(>l•cd wild~ rrcndcd "I'" .rrcl lrorn •·en '"" level\ c~rl\ 
in 1he sca'><'nro m:nmiUm lc,·cls ol apprt~llmardy JOO mg 
L tare m the ,r.rson ,\llrhrtc silcs wcnc ~ink< for nurogcn 
bccau<.e of pbnl uproJ.c 1hroughou1 the gro,.·mg SC.lSOn. 

n1c polcnli.JJ for 1mpa~l\ HI \Utf '-'C "<llcr ljU;JfJI)' oljlpe.J~ 

10 be grc:ueq fn•n1 ic'·'' n•hlunu .11rd pi <"phon" add•· 
lion<. :\ ...:;"onal~:lf~cr W<ll dc1cc1cd fnr fLL.:tf ~ohform, 

''''h moro mo•cmcnl fruu 1nc.ldn11' m the mirial tlu\h nf 
lffi(!IIIIOO I.OIIIp.ucil lotllc rc\1 ol lhc ~e:l:\an r::!iJ \Cfl>ll\ II 
du 100 mL 1 Willer). ·\1 lcndizcu •Uc\ C I antl.h nc.Kiue 
phn,phoru' clornmarcd ,, ~n p. ·r~.cm t>l lolal pho,phorus 1r1 

nrnort whik nnly 10 perc em 111 rerum flow• :11 the uufcrll l 

I ltd \IIC ( ::!) W:t' :L\ 

rc;,.:live plxhphorus 
The 'm.lllllltiQunr or 
re.lCii\e pht'-phorus 

ur rerum tlvws I rom 
Sllc ' Wll' du" In I he: 
~I>'CIIcc nf fcmltz.<l· 

11on. crcaltng cond1· 
liOn< lor a pho,phorus 
101.. Companng clur., 

from I hi\ \lud} ro .r.u.1 
collcllct.l .:!0 ~ .:.rl'\ 
J'IC\'JOU<I) f'I:\'C,t!cd 

phl'>['horu, tu< 

inc: n: ""'" f rn m 0 Oo.J 
rolllltil m~ L '" 
'url.u:t!' \\41rer nmofr. 

U<c ''' llf•rropnme b,,t 
fii:U\H~Cmtt~t riJLIIC'C'~ l.::m 

redlh:C diet. t\ nf n,.,nrn1n1 c.nur .. t6 pn11urton •• ud rJu, "-I•Jih 

<lcrcnntncd .J llCl'\l h>r (l lt<C hXtl<cd nn rt,<phunrs ·111<1 
f.,.;Jtl cnlifonn ub~ICiliCIII. '\pc Ill ,Ill}'. •ltliiUJ( \Otl lc\llllf, 

proper llmm~ 111t1 ·•l't'hlll ""''"' ol lcntlllcr, hnci JP 
ptopnnrc ~r.uinr OlllrML't.:rtU~nt h' l.<.•t•p hvC''Il~~~ i1\\ I \ lrntn 
ICillnl 11n\\ WUh:l \ ,(UIII1L' ltfiJ! •11111 olfC' n:,tllllnlc ·cJ .. xJ 

,...,,,u~,·r H"""ff ,,,,,, . 
A a~\.:.( on rc~ulr lrnll! Ute mOO!ft.tlll"'' \IUt.h tlbl r~'•ntt'd 
10 ·' need h) !e>l '"" pll(l'l'll<lnf\ nmofr, i) COOIR.\f :d pf<•l 
r.tud) \1.,1_\ conducu~d 10 "'''"'II' · I he tlle .. t" Q( len hrcr 
opplk..lllnn unun flO U\~rl · · lln\1. \\ 11(' qu.1l ~ 1\\ -,... C' 

~~olo Pnor R:: ar-.h IU frl('' · • Ul\ IOC' I~\\" IJ ({'-U~) 
for an.:r<" C"tl llol~ ) td,h "ul> 1 !k ~ •..ru 

., 
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\l..lS pphed Jtthe ~ L• ol 40 k ploo~phoOI\ IPI urd l'J l~; 
mtra~:n t "'I b to n llTII; otcd mountJtn mead''" tll:<tr 
Gunr~t'IOO l olor11do mthe fall (O.t ltll. c;ul\ spnng 1M.11 
~(II or laiC \J'l'fl~ \ \pr ~!) (hcrl.md llo\1. \1.1!1~1' \Vii\ 

.1pphcd to c h pi<Jtlor one (ll hour'" lttc \pnl \\tlh gr.th 
,,unrk> ot tLtlOII t.U.cn lor dclcnnt.n;,uun ot bo1h ~ ~ d I' 

,,:omxnu:.&lllll\ 

Apr1 .~.1110n •If t.l \1' fcmlizcr tn the lull "tnilh:.o:nl) 
IWUl"ed cooccmnollllll\ or r\!.1\;IIVC I'""" .IIIIIIIIIIIIUIII N 
111 trrtg '''"' nHrlo!.nd 1\uw tomp:ucd w11h c:.uly or J.,tc 
1prmg lcnohl.t11011 lltg I), Rca.:ll•t P ll13dtng "liS IIIIIC IU 
.111110>1 16 IIIII(\ ~I COliC I Y. hen ICIIIIiiCI \\.1\ J('phcd llllhc: 
c;uly or LtiC \pnnt;, IC~pc .. uvd), .:ornp.tn:d \\llh 1111ho: l.tll. 
1\HuiiOIUUIII :-llollowctl .1 \lltlllur lrcnJ w11h c .1rl\' 'PI Ill" . ~ 

lo.l<hng more tlhln I K 11111c' 11rc.t1cr .LnJ !.tic •pnng loJtling 
mmc tl .JII J.l 1111 c' grc.tl~ 1 than i<l,td' I rom fall -lcr1thtctl 
o 111 I.O\I I.'"S ol 45 per•cnl nlth~ •pphcJ P umlmurc lhun 
1 vcn:cnl ol theN were mc.I\UicJ tn nonoll when lcrlll · 

IZCI Wil\ ,tpphcol Ill lhC 1,1(~ '1'1111£. 

IIIII 

l'n:l'tou~ \lmhcsi~;I\C docurnc~.;.::d \ ,,,;~ dd~o1ntogcs lor 
moun1.un mcadov. hay produ~utort when lcmhrers are 
11Wiu:d in the f.1ll. CtnLpled wtlh n:wlr~ from 1Im ~tud). 
r1ulun~u n•c.ulo11 hJ) producas should Jppl) r.:ntlaer 111 
thC' f til. ope, t.tlly fl·b.ued f~ntlael" 10 unpn"'c h.t) ~ t.: J~ . 
a\otd c:,·ununu ... losse.s from '""'' •lf .tpphcd fcn.hzr.:r~ o1n.J 
reduce the ootcmul for JOtp:ltts to \urf.,,r \later qu:~ltt) 

Litrrmurt Citt·tl 
\\'1 itc. S J.. 'r••:!. ~lnuntam rn~ ... lml m.m.tgcmcnt '""' 

\Urla.:e "':•tcr<(tWIIIy • .\1 S. !he"~· Cnlot,idO S1.1IC 

Um' • htrl Collut\, Colo 
Whuc S.h. J.E. Brut nil><:., R \1 \\'nsl.11111, und \\' C L('tlll 

ngcr. ;!()lH ~liiUIIIUJO me.llil>W m.Uia~ciiiCnl $ II 
ailed' 'urfo~,c w;~lcl ljUUllly 1111hc Guruoo •II ll •111 
oi I\C~I~nl Lolor,lllll l'oloratlo ,\gil. [ 'P 'il" 

Tu:h. Bull 1111 pre") 
Whtto!, S.lo.. .. J E. Dnmuncr \\ ,(' I ciningcr. (i ,\\', Fn"tc:r, 

R t-.1 Wu,~.utll. Wid l \ li.1uucr :!Um lntgJtcd 

moum.•in ltl<.odoY. lcntllfc:• •ppli,.ollon llllllll!l 
diCe I\ on 11Hrl.1n• lloY. w.11o.:r ljU.!lll) . J L:n,·non. 
Qu.ol, 1::!:11!02·1811~. 
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r\0\ll\l'iTRA l JO~ UPDAlF/\\'ATI:R RJ SOl.RCI.!S 

U,;-., (,,.,lor:tcul Sun·, J ll 'ma I ,,. 

The U.S Genlogt,ui.Sun cy USGS l hJ> rdo:;P>t:d .1 report, "E,wn.ucd \\.ncr l ,, 111 Ute U"rurcd S!.ll<' 1 1 20CNl \ 1 SCiS C , . · ul;~r 
1.:!(11;, \t,on.:h ~0011. ll1c n:puor [1rt Clll\ .:unsl\lcnr .uu.l L'Urrcru \I',Ucr·U.,<' C\lllll.llc · b1· ,,,ur,·c .md h\ IIIC. f }r, l SCI'\'"" nun 
r11ku 'irml.tr n.tuonal c'lnnurc' c:vcf) live yc.u-. in,.: 1950. lht<o 'c"c' ol war.:r u'c r•·rurrs 'cr c •• •rtc ulrhr rcw our•e~ ''' 
mion nAitnn ub<tul rc<!t<>nalw n.ntunalrrcnJ, 111 watc t 1\llhdtml;sk flu.- r.:pnn prUI'Jtlc~ informarron on ca~ III<.Jii:f<HJO::s r•f\\,llcr 
II§C puhiiL SUJ1t>l>, dOII!C\IIC, in ~.tlton, live oiO,I;, oi<(U.ICUhun:, rndu,HJ;tJ, IIIJillfiJ!, illlJ lhcmlllciCLIII• f'C•IIt'r h COntllrb ol SC<.-
11<111 (lll lotJl \\,llcr use lor 100il, fullo\\cd by more oiCJJilc.J da,cu,.,i<HI\ lor each c:.rct;of) . The: li~JI1CC111Jfl prc.1e01s,. dJs.:u~aC>n 
un tn:nds 111 \\;;aJcr u~ I rom IIJ50ro ~<XIO. Oc~pllc grol'mg popu1Jt111n dfld an.:n:.a,rng clcLLri>:uy pro.lucuvn ..... 11cr u-c an dtc 
UnlltJ St~h:~ rcm~11t~ l.rirl) •L1blc, :K:n>rdiny loth~ tiC\\ '<"IX>n. 

1 be ll'iliS rcpon •~•c:s rh.11 111 1( 00, \m.:r c. n' u· ~c. :ns l>alhon ~.all on, of watn per d.ty ... number Jhutla;h remained fa•rly 
Mahl< •tnlc 1

1

ll!5. whach Rl>l) h.: u \&gnrhar <:Oih<I"IUIIOJII· worlmr In rhc a.:pvrt USGS ac•c:archer.. luunrlth •• rrh.: duel wart"r 
U'>er, for lhc f'..llaon ure po11-o:a ~cncr.arion, o~gat•uhun: mad public 1•·urcr ~upply. llac n:p"n .:~I'D lind' th.Jt the !"'r~onal u.sc or 
"••let "r\\ing, bur nor l.o;rrr tiLul populatmn chilll!1c "h \ prelt) ~OI>d news iur the: r 111on rhul dc>plle rhc HJCrc;£Smg nccu for 
"'.atcr, we hu1·c hccn able In maunam out a:omumpuon 11 faul) \I,Jblc level• lur 1111: l'il' l t5 }"""·"sa} s ll'iGS Clucr fl)rlrolo~,:c.r 
kobcn I !an.: h. ~~~ 'ho"s rh~t .rJvances tnkdi110io£) m arri;o•11aon and po11rr l,!tnenuaun .lifo" us 10 Jo n""e wub le" ".llcr, ' 
l'owcr "cner.uors nt;U;e up .: >! rcrcem or rhc u•·•t!o: 111 uiKir.aw>~h 1. I rril;Jil!>ll t\ "1·1 pcrC"~nr of tl.e '" oul .a11tl pub II, supply (lh.lt 
ckh\c~ 1\.Jter ro home~. bu~uae.\\eS, .uatl mdU>trac•l ,,,,Otlllh for I I per.; em ol tl.uly \\:ller Us.Jsc. 'i If- uppht'd indu,rn.Uu~rs. 
111•\I<Xk. mming. uqu.aculture o11lt.l tlom.:stte .-c:lb. l~kcn 1U)Ic1hcr. •Jc'Count lur \Cicn f<:lccnt 

I h~ h1lJI qu.mril) ol 11 Al<r "'nhdr.awn lor rhc1111uck"<"t ·ac power lor .,(1(10 11o.1' an C'lllll.ncu IQS,OOO Mg.tl/d, or 119 nul !Jon a, re­
kcapcr yc .. r 11'11.11/yrl 11 Ill \Url;K~: \OUIL'C> 'llPDhua • OI'C 9'1"' ,,,-,h~ wmcr. Nc:lfl} na e-third ol lh~r '"rtlKc "•Her 1\;t' s.ll111e 
I hcmoucle.:mc·po"cr 11 nhdr.m,tl' ..-:coumcd IN ~S pcrccm u1 lulal "Jlcr u<c, 111 ~rcua nl rur.al lrL-.sllll.ucr 11 nh,Jr.m Jh, and 
~:! pcr.c-11! olrn:'h suri>Lc wmcr waJhdra"~h. r o OU, puhl..--,uppl~ \\llhdr.I\I.JI> \\Cr•· .lll e~tun ... acd ~3J(WJ \lg;,Vd, cu .::s • .s"' 
alI) r, about 13 l'==m ol IOIJI lrc,hwJtcr 11 llhdr•m oil!.. Some :!·Ill mllhun people depended on public "~•cr ~upphcrs. "itlt 1\3 pert ell! hum \llriJ.:c •uurccs. 

lmgunon Wilhdra\\wl~ lur :OIJ<lil \\ere ""''"'"1erlt1.1 b~ I :\i',(J(JCI \I g. I'd, OJ I q 1111lla 1 .&1/} r, ,a,.:oummg lor •<11111.' .m I'CrLcru of 
1111.11 fr.:,hw;ucr withdr.aw,rl\ and h5 pcn:cm olturul (re~h\1, rc l<'llhdaa\\,11, lor .ol" LJIC!i<>rlc' c~<."'udtn;::rhcm~o...-le,·tnc f'U\lcr 
,\bouliJI.'Il\1 :o;:re5 WCIC imJ!ollcd Ill 200U-1<J 1\IHLIC\ Wllh '"lf..tec lloo..l '~'ICIII!>, 2S .J~ I II;; I ~> \\llh ,pnnl.lcr S\\ICUI>, IInu 
4 Ill~ 1 '"'re' w uh """"'·lillY"'"'" ~\>&ern> \ppl a linn r .lie' ""' ~ c .. k uh11~,1 ~y dtVI<lin~ tut..LI " nhda a,, .al\ b_1 111 ;g~ led ''""' 
n ac Q\ 'CIU!!C .apph••••"IILIIC "•<I ~.1'! al/acn: "I he rn.lJWII) .. , 1\llhdra\\ II '"'' rcr.:er. l ) ;uad •m!!l!l~d .,.,, ... Ci5 p.-:rn~nu \\ell." Ill 

lltl.' t.<'IL'nlceu \\'c,aem Sa.u;s SurliiiC ',\;!let .k:Clll>lllco.l lor jh l"'••em of Wllhdl.l\\;111>. Ollld ·~the rnm.ar) >Our~e tn '"" .Jrtd \\ C~l 
.uadahc o\luunlllll ~lill<>. liauuntl •~arcr \\IL< tloc p11111.11"1' ~uur; c mthc l'<nu.al .'>lllcl. C.ahrunu.t. ldJJao Cola•ro1do ,

1
1d :\cbro~;oka 

,ornbmcd .X<<JUntC\1 lor one 11-'11! 01 the lo:alam~ollon 1\llhdr.tw,tls. C:ahlomu illlo.l 1<1~110 "'"(1UII!eol fur Ill P.:••eru ol \.art.a.;e 1m~alluu \Oolllao.lruwal~. olat<l Cn!IIOnllll JJto.l :-lcbr:uk .o J 1 P.,:ILL'Tll "'ground "·ll<'r \\llhda.l\\,
1
". 

(" .al fnnWJ Ndn'"""· Tn.o;, o\rbn\,1\, and 1.1.\hu ~CCOUIIIC<IIua ~1 ""'"~"' dliUI.IIIm~ ole I .t<le.lt!<' lu \nZIIJI,l, '""'11"''·'· olllo.l 
I il.thn, .opplaC.JilCllll-IICtll:.,croJcd II\'C illt.o<re Stule\ '"·" uulozc lhc lhgh I'IJIII\ '•rual~· tl\dor ... ,l...a, r "'·"· "'""·"· .uuJ Ukla 
hOI lid) '"' arro ~u11011 rehc<l mo,lly ~~~ J!I"O<Ind ".Ill.' ru~d l:.ul .apphc.uac:on rated r.w ,. nau I· ·t" ~en 1 .uad ~ ~ 11.:

1 1 
c 1 ,

1 
hll.lle.s ul lua.al 

lfiiJ!dllllll \\l1hdri1\\i1h 1\Cic oll•uul •• ~1011: II Ill l'l'll \uri.ILC II diet \llllldr.l\1 .. 1\ "<'fC' .111\>ul hie r~I\CI. k\\, "'" ~;rounJ \\' lcr \\ llhth.III..Li> il.IC ur lb f1CI1Ctol , 

~uur>d pbnntn£ for "'••lcr dcf"'a•h ntl a >nuuJ ur~lcnt>ndmv oil he fl.a11u11 ' • \\".tier n-•••un:c> md" iO<H>J Ll d("r•l•ald 
1 t - ' .. ~ t•l )\)\\ people"'" U.>C \OoJlcr Iniac lurure, lhnch •·lhl llll\ .auoll· 11111 help 1111, puht" •k""'"' rn.olo.cn. ""~'".,.-" .ond '''c'""' bouer 
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DAMS: Rehabi litations could increase storage capaci~' for reservoi 
,... Contmued hom Page One 

stot<•&e projects In the Gunnlson 
Rl\'(!f llasin, acconlii'IG to the Cnl 
orndo St:llc E.nglncds Olllt::c, 
Y. huh monitor.; '~at~r avrul.tblll 
t~· o llow, :unl slot<lt;•• tlu'Uul:hout 
thr stall•. 

t\' nt llu,• 20, Ulc Stlllt• Emli· 
no:cr'·, Ollke "'l'ortcd llHtl t~ 
d.1ms across Colorado al\' 1'1." 
strlrt•~l. mc:mlnt: thcv n•'C<l to be 
lhed or rebuilt, mainly lor saftty 
rc.·son~ 

Thu C05t to repair or rebuild all 
1!311 pro pets IS 'tIll bean~: stttdled 
.\t IItts potnt. o(flcla.ls ru-e sllllt·x 
;ttnlnln~: which 11rojcus art~ 
worth t-vhabUJtntlug. Tlw total 
:tmounl nf ~lorn~:c J\'allaltlo· In 
those 19fi Jl<'UjPcls <Jtlds up to 
.·t2.U::.O acre-ll!l!t, acconlln~ to ll~ 
Stall• f.n.:anccr·s Otllce. t\n :tr ,. 
toot t'l•tual to :n:i,ll:il ~ot\3. 

Tht:! State t:ngtn.,·r's Office 
CL1ssilicd ·IS projects DLTOfiS Culc>­
rnclo ,ls ''n"O.l\'er:th!t~ \tnr:tt-:.~> WJlh 
rca.o;onablc repair/rehabllllathm" 
wHh n co:;t to Ox tht•m of $10 
mllthm. 

'l'hc Stv.tc l·:n~ln•w'$ Offin• 
dao;.\LI'h,J the ;.~ n'mVI'r.lhlr­
stora~'t' pro]t'1:ts by blSin. Th~l'l! 

"It seems to me ll1e drought is hitting everybody, 
and I tllmk everybody's going to look at these 

options very, very senous/y. •· 
ROBERT WARD 

Colorado Water Resources Research Institute director 

are an csumatcd ~vcrnblc 
7,750 ncn.•ft·o·t In U1i! Colorado 
lllnr Ba~in. :md an c.!oltmatcd re­
co,·crablc 2 iO acrL·I~I In thl' 
Gunmson Rlvl!r 1~1,111 lncludtd 
in those J1£UJL'Ct.s 

With the tl!hablltl.Jllon or I ho:;c 
•15 projects, Color :trio's rc.."'n·olr 
'lora~!! capacity could ltwtmw 
by an csllmotoo 2Mitill u~a· fnct. 
;toxonllng.to the Stall• ~:n~;tnL••r's 
omre. 

In this d111Ut,:hl )"t.m with 
n-<:onl low precipitation and 
dwindling suppllt!S of ;ron:d w:t· 
ter. Umn• .11'1! b.lslc:illy Utn'l! op. 
lions liS l.tr ;ts pro)CCts are con 
ccmoo. sa til Robcn IVan!, 
cllre<:lor ol Ute Colomdo Wnter 
lt£!50urc;os R~an:h Institute at 
Colorado SWI~ Untvcrslt) 

rln;l tl~en: s the list of oltl 

pro]<!Cb lhol need to be fucd . The 
1911 proJCCt.s aerO~\ lht• st.oh: 11~11 
have '' combined H:!,ll:j() aero foci 
or >IOI':Ib• • C'lll.'ldly Call Into that 
c:ltct:ory 

"I lltlnk II oughlll be our first 
Jtrlurlly," Mtld Wayne Scltl<'ldl, 
division on~Jnccr for the Gunm· 
son Rlvt•r IJasln. Schlcldt said 11x· 
me cx15Ung proJects Is mon: C&il· 

ciJccuvc than embarking on t:cw 
projects. bccolusc ol lll~tr n'­
scarch, stud\' :uul stlrt·Uil cost.s 
Howe~er, olllcl.tls first must dc­
trnnlnc whll'h proj ... cts are co:il· 
MTo'Cll\'C to rell.lhllltai.-

Thc S!'COnd lbt lnclucl~ ~xtst 
1n11 projtcts that ruultll'C cxr•and· 
t~l to hold more ~~aii.'I. Officials 
w lth tin· U S llurwu ol Rtoclnma· 
lion .tre looktn1: .. t th~ optltm In 
the PryJn~.:J~tn Arkan.sa$ Pro]t'\"1 

In P~o'Cblo und 
I'CSC'JVOirs. 

1bo llunl list lnclud"~ 
projrcts- such as tlu• UiJ: 
11 proposal to pump \\'iller 
th(: llt.1h state li.nc back tu 
Conlfru:nt.al D1vlde. The 
\\'alt•r Corts~.•r.•otlon 

,:q:n o~l 1u move a lw:.d w llh 
study of rhr Ulc Srrnw In 
wltltun cstlmak'll cost ofllS 
t s S.'i01,000. Apprnpri.:u Ions 

mllh!CS tn the $1.111! l~gtslat 
r.tlll 1\Ctd to .r ppro~·e the u..~ 
lhoc~fur:ds.. 

Ward said the drought 
tn()St llkruy prompt w:ucr u 
mtd oOlcials nero"~ Colorado 
look a I allthrt'C 0/JIIOOS. ami 
walt hJr Jl~'Ctpltatlrm 

"It St-erns to me the druu~-:hr 
htllim: 1!\'~rybody," saul W.anl 
".:'IIIII llhlnk C\'CI'}'!Jody's gtlln!: 
look at lh<!S<' options \'l'IJ', 
scriouslr." 

"111 :tlmost bet that some com· 
blnJtion of lakinr. c:tre of s:tl~ty 
Issues (Ill re:.trlctul ftltnJJ. ex· 
p.1no1Jn11 re.cr.'OIIS thar t~l~l ;tnd 
buUdlll!! II~' I\ Onl'.> IHU be Wit a I 
IWjlpo•ns." Wo.n:l salrJ 

• Enn Mc/nry, au1 b.• rmcJuTI 
vio <'mail a1 mori.1.')'~K/ds.rom.. 

FIGHTS: \~Testern water law is sin1ple: First-come, firsl-serYed 
)oo Continued lrom Page One Ill right ... ln olltc. "onL, Ute Orst 

pcn;on to dl•crt water ll'llm J 
Mn~tm and JIUl ll to Good w,c Is 
t•ntltll'd to that Wilier n!I:IU'dlc;s 
of suh>L•ru•·nt c: llrtlS. 

Titc l1rst ~~=n to ~L1ke a 
claim 15 llY! "~ .. nlor O(l)lroprt.,. 
tor," wllh lltl' most M'nlor l'ia!rr 
rights Those who CO I'll<' L1ter arc 
"juntO!' appropriators. w 

Wnter rlght.s c:~n lxo trnrl' 
tciTt'd. sold, l'\'~n f\'l>lo·d In U;r 
Denver nr<'.l, nrconlu. ~ to nudlu 
nnn. \\';lto•r rthht~ <I'll rut· ~t.tU) to 
$12,000 pet• .reo" rocn. tho Jlflllllnr 
u( wnwr lll:ok(!S to L'O-. onu nc,., 
onr foot dt'<>JI. 

II'> <1 UllhJuclY \\'C!ot~m lr1Wl 
"ll all Stnnc.l with the rulno•rs 

In tl:.c Gold llw.lt lll'rfnd,' fi:lld 
o.whl GcldiCS, II \'i at~r law pro. 
fC!!»Ur 01 tho> IJn,.crSII>· ol (ulo 
r.ulo "'1111! lUst une to ~ct to tho 
~ulcl cuuld •h•>o !up th11 ~·4•1 'ri.('}' 
tn atctl wntcr Uw /i:IIIIC "~Y. The 
nl')t u1w tu stukc m d.1lrn on l'iat,.r· 
~ul U1~ wuh•r .. 

Jn th• East, 't\-;&h~r r1~hllc \H'n:t 

olc-tL-nnlm-tl hi l:uHl <IIVJ\Cl'5llltl 

P•'OJlk who owned l:md next to J 
stn•am or l;tll~ had a water rll;ltl. 

Thr &No'111 system also •>On 
sldPrs wnkr ronunun.11 propcnv 
ollld l't'<jUlt'CS !Oh.trlnt.:. In little.> o( 
ci111UI:Ill,r\'crybody cuts back. 

Not r.o In U1c We>t; "first In 
Unw, lln;t In rlttltl" tako~' pm.~ .. 
dena: r.vcn tlurlnt: dry >l>'~ll< 

Tl~tl'5 l>hcn lhu:.;., lll.'IIXlmpiJ. ,,11 .. 1 -:~nd L'Ofltt•ntlous. 
Ymt lu~c this ~lluntkm In 

drout:hl \\here •un'h! r.eoplo: with 
water f'ilthh t.:d 11n 11ah·r .11 nil," 
'>.lld Ut•ldll '' .,l1cro ut., """"' 
lhokr n,:ht& t:..l,llnt: on a Ml c·.un 
Ut:Jit IIICI't! IS W111• r " 

"Thn \',IIIlo · (ol llotlc•r ls sllmm 
by tht• nmuunt ul ~!Ton Jo(<Ofol,o ~ro 
wlliln~ Ill lllku tu •H'Cj1tlt" 11," 1N1kl 
t<l'1! Ut.'t,;lo•s. • 6f.llo <'III!UleCT 
ch.lll!,.l "tlh flt;liiOJj!UII: \\<ll<'r 
ur... In !>l1Uih\\<~h rn C~Jr'3ilol. .. w,. Ut1.1 1\'1· \'141h•JK'Q rl.l1!:1h·n~l 
fiOinut inu 

~\'t•lul !tl.liH• un• n•vwwu11: 
tf .0 .)'Dlt'lll hlnhn l u;.1r1l IU\! fAll I 
lnc 1.hn .JUh l'itll._., rl11lln\ co\\ 1 
lcr rl.:hb on t!u1 Sn11"'" na,,J •• 

11 hllc n lOre llt.tn ::w.ooo ct.J lms to 
Mo;rnWna·, rh·cr basl.tb arc uJld\•t' 
lrt.,r• -cllon 

Somo:.llk" Gt'!c:hcs. :>J)' U1o 6\ s 
ttom must be 0\·ct luulttJ tu p-!.;L \.~ 
~:reatf'r priotll)' ou urban nc;:•h 
Ill' nates U::ll up to ro ~rcent or 
the:> 11a1~r olhoncd !rom st=rns 
ln U.e West 15 !ur =t;rlotltw";~l 
U;l' 

",\IJ)' ttm•• you src :1 city th.r! 
··launs u·, 'llOrt uf W~h·r. II fi "''' 
'"'•'II•" tlt., '"'''ut' l1 o:Jrv but bu­
c:t\11:3' SOHK'lHll' I!~L' hit:. $l'lll11l 
r4:hrs," !11• s.1ld "t\Jnl lh:1t ::t•onu· 
b.>.l)' Is lllmoo nlways t~Ufcul 
lll(l' .. 

OU~t·., nlo'llntaln th.Jl thc1 &J-. 
lt•m wm lis. If tl~ ru.lt':S Ill\> 
lulluw"l 

" It's not ·• Jde•s;.nt thtna to du 
to flVht yvur nc li:lttlor o,·~· , ''·' 
trrrolthl," salol GniOtJr "Dut,•o;n 
c\.llltlt't" Is hC'ft~ h•$la) Wu 11:1\o• lo 

n .. ,, '""''"'. 1111, l.tllo:J Is "urth 
S:Z.Il'l nn ftCII• Wlthou> U1o· """ r 
u """'Ll be c~· ll's IOim"lllb•c 
)l•u h.,..., ro tli!ht fur" 
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Treatment Alternative • 230 MGD 
1 2 3 4 

PARAMETERS UF/NF/UV C/SILS/F/UV C/S/F/NF/UV LSIF/UV 
Pretreatment ($/yr) $13,400,000 $12,500,000 $10,900,000 -
Advanced Treatment ($/yr} $38,900,000 $26,000,000 $38,900,000 $28,100,000 
Post Treatment ($/yr} $14,900,000 $9,300,000 $14,900,000 $9,300,000 
Residuals Handling ($/yr) $700,000 $5,300,000 $2,200,000 $5,100,000 
SUBTOTAL ($/yrJ $67,900,000 $53,100,000 $66,900,000 $42,500,_000 
SUBTOTAL {$/kgaO* $0.81 $0.63 $0.80 $0.51 

Treatment Alternative • 460 MGD 
1 2 3 4 

UF/NF/UV C/SILS/F/UV C/S/F/NF/UV LSIF/UV 
Pretreatment ($/yr} $23,500,000 $24,700,000 $21 ,000,000 -
Advanced Treatment ($/yr} $76,300,000 $51,800,000 $76,300,000 $55,900,000 
Post Treatment ($/yr} $29,000,000 $17,800,000 $29,000,000 $17,800,000 
Residuals Handling ($/yr} $1,400,000 $10,400,000 $4,300,000 $10,200,000 
SUBTOTAL 1$/yr) $130,200,000 $104_1700,000 $130,600,000 $83,900,000 
SUBTOTAL _($/kgalj_* $0.78 $0.62 $0.78 $0.50 

Treatment Alternative • 690 MGD 
1 2 3 4 

UFINF/UV C/SILSIFIUV C/S/F/NF/UV LS/F/UV 
Pretreatment ($/yr) $33,800,000 $37,000,000 $31,200,000 -
Advanced Treatment ($/yr) $113,700,000 $77,700,000 $113,700,000 $83,800,000 
Post Treatment ($/yr) $43,000,000 $26,200,000 $43,000,000 $26,200,000 
Residuals Handling ($/yr) $2,000,000 $15,400,000 $6,300,000 $15,300,000 
SUBTOTAL ($/yr) $192,500,000 $156,300,000 $194,200,000 $125,300,000 
SUBTOTAL 1$/kga_/l* $0.76 $0.62 $0.77 $0.50 
* $/KgaJ is the cost of treatment operations in dollars per thousand gallons treated. 

2 

3 Capital cost opinions are based on preliminary identification of major equipment and conceptual flow diagrams. 
4 Residual storage ponds have been calculated assuming a 3.5 ftlyr evaporation rate and construction of 6' deep 
5 lined ponds at $5,200 per af. Capital costs listed in these tables include only direct construction costs. Indirect 
6 costs including engineering, legal, financial, are included in the overall project cost summary tables presented later 
7 in this chapter. The costs presented in this report are preliminary in nature because equipment selection and 
8 engineering design activities have not been performed. 

9 Alternative 1 is the highest cost alternative and is used to compute total project cost in the rest of this chapter. This 
1 0 approach provides a potentially conservative estimate of treatment costs considering that one of the other 
11 alternatives or a completely different treatment process may be selected in future studies or in final design. 
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Multiple alignments were developed in each corridor between the diversion and delivery points. The following 
sections provide general descriptions of the alignments and the specific issues that affected the alignment 
development The alignments are shown on Figures 6-1, 6-3 and 6-5. 

North Corridor 

Alignments in the north corridor head north from the diversion point towards the Demaree Canyon Wilderness 
Study Area. The alignments diverge around both the west and east side of the Wilderness Study Area. The 
alignments include tunnels through the ridge on both sides of Douglass Pass and then continue down drainage 
draws where they meet between Rangely and Meeker. The alignments in this corridor must travel as far north as 
Meeker in order to allow passage around the Flat Tops Wilderness area. 

Once the alignments reach Meeker they generally follow a power transmission line east and slightly north. These 
alignments also stay just north of the White River and Routt National Forests, which was not a driving criteria of 
the alignment selection, but would offer some benefits in permitting. 

Near Dunckley the alignments diverge and present several alternatives to get to Kremmling. Some of the 
alignments follow the railroad, highway and power transmission corridors, while others follow minor roads. 

Once the alignments reach Kremmling they generally follow the State Highway 9 corridor past Green Mountain 
Reservoir to Silverthorne. The alignments then follow the State Highway 91 corridor to Climax over Fremont Pass. 
The alignments would branch at Climax traveling to both the South Platte Basin and to the Arkansas Basin. 

The South Platte Basin alignment would tunnel through Mt. Democrat for delivery into Platte Gulch, which is a 
tributary to the South Platte River. 

The Arkansas River Basin alignment would continue along the State Highway 91 corridor and discharge into the 
East Fork of the Arkansas River. 

Central Corridor 

Alignments in the central corridor begin at the diversion point and head generally east towards De Beque and 
remain north of the Little Bookcliffs Wilderness Study Area. The alignments vary from the 1-70 corridor between 
the diversion point and De Beque. The Bookcliffs are the first major obstacle encountered. The topography 
generally rises in elevation to the east with increasingly deeper washes along the base of the Bookcliffs. The 
alignments include tunnels through the Bookcliffs and then continue towards De Beque where they meet up with 
the 1-70 corridor again. The topography is decreasing in elevation from the Bookcliffs to De Beque. Near DeBeque 
the alignments diverge into a northern and southern set of alignments. 

The northern set of alignments within the Central Corridor continue along the 1-70 corridor toward the Grand 
Hogback between Silt and New CasUe. At this point the alignments travel southeast to avoid the hogback and 
Glenwood Canyon. Alignments through Glenwood Canyon were not developed due to the rough terrain and 
congestion that would require extremely high construction costs. An alignment through Glenwood Canyon would 
not significantly reduce the length of pipe needed, but would allow a more gradual profile and eliminate the need 
for several tunnels. Future studies could consider an alignment through Glenwood Canyon, but a great deal of site 
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investigation to quantify the impacts of congestion and geotechnical issues on the project cost would be required. 
Alignments to the north of Glenwood Canyon were not evaluated due to the rugged terrain in this area. 

From a point south of Glenwood Canyon traveling in a straight line mostly east and a little south would take the 
alignment straight to the delivery points. However, this straight line would cross through the Holy Cross Wilderness 
Area. Therefore, to avoid the wilderness area, the alignments generally travel back to the 1-70 corridor near Eagle. 

East of Eagle the alignments vary from the 1-70 corridor to allow passage through Bellyache Ridge. The 
alignments follow Brush Creek to a tunnel through Bellyache Mountain and then head back toward the 1-70 
corridor east of Edwards. 

The alignments continue along the 1-70 corridor to Minturn with relatively gradual rise in topography. At Minturn the 
alignments head southeast along the US Highway 24 corridor through Redcliff and Gillman to Eagle Park. The 
stretch between Gillman and Reddiff includes a very narrow canyon that would involve some difficu\t construction. 
An existing railroad grade that may not be in use may provide a possible alignment A tunneling option may also 
be attractive to get through this area. Additional study would be required to optimize passage through this area. 

At Eagle Park the alignments split heading southeast for delivery to the South Platte River Basin and south for 
delivery to the Arkansas River Basin. The South Platte Basin alignment would travel to the Climax Mine site and 
then tunnel through Ml Democrat for Delivery into Platte Gulch which is a tributary to the South Platte River. The 
Arkansas River Basin alignment would continue along the US Highway 24 corridor with a tunnel through 
Tennessee Pass and deliver to East Tennessee Creek, which is a tributary to the Arkansas River. 

The southern group of alignments in the central corridor generally follow Plateau Creek toward Carbondale. The 
alignments then generally follow the Roaring Fork River to Basalt. Some alignments continue along the Roaring 
Fork toward Aspen while others follow the Frying Pan River towards Ruedi Reservoir. Both groups come together 
and head east towards Leadville, where deliveries can be made into the Arkansas River basin. The alignments 
continue east through the Mosquito Range allowing delivery to the South Platte River basin. 

South Corridor 

Alignments in the south corridor travel southeast along the 1-70 corridor from the diversion point to about five miles 
east of Grand Junction. The alignments then travel south toward the US Highway 50 corridor. The alignments 
follow the US Highway 50 corridor toward Delta staying north of the Dominguez canyon Wilderness Study Area 
and south of the Adobe Badlands Wilderness Study area. The alignments diverge around the north and south of 
Delta. 

The northern alignments travel along the State Highway 92 corridor to Paonia. The alignments then travel south of 
the Oh-Be-Joyful Wilderness Study Area and north of the Fossil Ridge Wilderness Study area toward Crested 
Butte. These alignments offer two basic passages around the north of the Fossil Ridge Wilderness with a northern 
alignment heading straight east just south of Taylor Park Reservoir. Two alternatives are identified for travel 
across the Sawatch Range. One includes tunneling and another option includes traveling over Cottonwood Pass. 

From Crested Butte another alternative travels to the south, then up Taylor Canyon and tunnels through the 
Sawatch Range to join the other alignments described in the previous paragraph. 

All of these alignments remain south of the Collegiate Peaks Wilderness Study Area and head toward Buena 
Vista. At Buena Vista the alignments would discharge into the Arkansas River and continue towards Antero 
Reservoir allowing delivery into the South Platte River Basin. 
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Back near Delta, the other southern alignment follows the US Highway 50 corridor to Blue Mesa Reservoir. 
Several alternatives are evaluated for passage around the south of Blue Mesa Reservoir. On the east side of Blue 
Mesa Reservoir the alignment diverges to the north and meets up with the previously described northern 
alignments in this corridor. 

Other alternatives continue east along the US Highway 50 corridor south of the Fossil Ridge Wilderness Study 
Area and then travel northeast with delivery to the Arkansas River just south of Buena Vista and ultimately 
delivering to the South Platte basin near Antero Reservoir. 

Along each pipeline alignment approximate ground elevations were identified and a ground profile of the alignment 
was created. Pipeline diameters were chosen to maintain fluid velocities at approximately six feet per second. The 
rationale for the selected fluid velocity and the affect of reducing pipe diameter and increasing fluid velocity is 
discussed later in this report. Table 6-3 summarizes the pipe diameters and corresponding fluid velocities 
analyzed for each project delivery capacity. 

Table 6-3: Pipe Diameter and Fluid Velocity 
Project Delivery Capacity Inside Pipe Diameter Fluid Velocity* 

(aflyr) (feet) (Feet per second) 
250,000 8.5 6.3 
500,000 12 6.4 
750,000 15 6.1 

*Based on providing project delivery capacity over 50 weeks during the year 

Pump stations and hydropower facilities were added as discussed in Chapter 2. The pipeline alignments include 
large changes in elevation, which result in large variations in operating pressures ranging from 0-600 psi. For a 
given pipe diameter, the cost of the pipe varies with operating pressure. Hydraulic grade lines were computed to 
determine required lengths of pipe for each pressure rating. Headloss through the pipeline was calculated using 
Mannings equation with a friction coefficient of 0.011 which is a typical value for polyurethane lined pipeline. Lining 
alternatives are discussed later in this chapter. The operating pressure in each section of pipe was determined as 
the difference in elevation of the hydraulic grade line and the ground profile. A minimum pressure of 10 psi was 
maintained in the pipeline. The quantity of pipe in each operating class in 50-psi increments was summarized from 
the hydraulic calculations in order to allow costing of the pipe. Example profiles representative of alignments in 
each corridor are shown in Figures 6-2, 6-4, and 6-6. 

For the purposes of this reconnaissance study, the use of welded steel pipe has been assumed. Welded steel pipe 
is manufactured by shaping steel plate to form a cylinder and welding the plates together. The most efficient 
method of constructing steel pipe is with a machine that bends the steel plate in a spiral manner and welds the 
seams together. This method is currently utilized by most steel pipe manufacturers for pipe diameters up to twelve 
feet in diameter and steel plate thicknesses up to one-inch. 

Several steel pipe suppliers were contacted during the study to identify manufacturing issues associated with this 
project. Most suppliers are currenUy capable of producing spiral welded steel pipe up to 12 feet diameter with 
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thickness up to one inch. Most suppliers indicated they could likely build machines to spiral weld up to 15 feet 
diameter, thickness up to one inch. 

Thickness over one-inch would have to be fabricated from steel plates and would require a greater amount of 
fabrication. The additional fabrication would cause slower production rates and handling issues resulting in 
increased cost and delivery times. During the development of the alignments effort was made to minimize the 
amount of pipe required that is greater than one-inch thick. This is accomplished by adding pumping stations and 
hydropower facilities in order to reduce the operating pressure. 

Future analysis should be conducted to further reduce the amount of pipe with wall thickness greater than one 
inch. One possible method to accomplish this would be to utilize higher strength steels, which is a common 
practice in the design of oil and gas pipelines. However, this tends to reduce the ductility of the steel making the 
pipe stiffer and can degrade the longevity of the lining. The concept of installing two smaller parallel pipes should 
also be evaluated as an alternative for the thicker wall pipes. The installation costs of pipe would be higher, but the 
cost of the pipe itself may be lower. This analysis is discussed in later chapters. 

The following assumptions were developed from data provided by the pipe suppliers and were used for calculating 
the cost of bare steel pipe including raw materials, fabrication and a small allowance for fittings, assuming 
alignments with mostly gradual direction changes. 

• Calculate cost of steel using $0.20 per pound. 

• Fabrication for spiral welded pipe equal to 2.2 times the cost of the steel. 

• Fabrication of steel plate into apipe cans" (thickness over one inch) equal to 2.7 times the cost of 
steel. 

There are several options for coating and lining steel piping for this application. Polyurethane linings are higher in 
cost than conventional cement mortar lining, but may result in lower friction losses and possibly reduced scaling 
potential. Reduced friction losses would reduce power consumption and/or pipe size that could have significant 
cost impacts. Cement mortar applied in the factory would add significant weight to the pipe, creating additional 
handling and shipping costs. Field application of cement mortar would be feasible and coru tar might be an option 
for lining as well. Analysis for this study is based on polyurethane lining and tape coating as a conservative 
estimate. More detailed cost-benefit analysis should be conducted to identify the best alternative. The following 
unit cost assumptions were utilized for the lining and coatings. 

• Polyurethane lining (AWWA 222)- $1.75 per sq ft 

• Tape coating system (AWWA C214)- $1.60 per sq ft 

During discussions with steel pipe suppliers, freight was identified as a significant issue. For the larger diameter 
pipe, custom designed trucks would be needed to haul the pipe to allow proper clearances and permitting for 
travel. 
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Suppliers indicated that it may be cost effective to construct a pipe fabrication plant somewhere on the western 
slope to reduce the shipping distances of finished pipe. Timing would require about 18 months to get a new plant 
online. The new plant would require rail service to deliver steel and typical industrial 480 Volt, 3-phase power 
service. 

Costs are based on shipping from less than 500 miles. This would allow pipe to be shipped from several existing 
suppliers or a new manufacturing facility. Pipe could be shipped from farther away, but may add cost to the 
project. The following assumptions were utilized for the unit costs for shipping pipe based on data provided by 
suppliers and are shown in Table 6-4. 

T bl 6-4 p· Sh. . C a e : lpe 1pp1ng osts 
Diameter Shippin 1 Cost per Foot based on Pressure 

(Feet) 0-300 psi 300-450 psi 450-&00psi 
8.5 $8 $10 $12 
12 $13 $19 $25 
15 $19 $27 $33 

Effort has not been made in this study to identify the appurtenance items that are typically required on this type of 
pipeline. These items would potentially include the following: 

• Miscellaneous vaults 

• In-line valves 

• Air and vacuum valves 

• Cathodic protection 

• Piping identification 

An allowance of five percent of the total pipeline construction cost has been added to each alternative to account 
for these items. Surge suppression systems for pipeline protection have been included with the pumping stations. 

A baseline installation cost is initially calculated that would assume relatively easy pipeline construction. This 
would include enough access for construction, minimal rock, minimal groundwater and a cover depth not to 
exceed 1 0 feet. More challenging construction conditions are discussed in later sections of this chapter. 

A typical unrestricted section showing the pipe trench and construction area is detailed in Figure 6-7. Construction 
easements for each pipe size are as follows: 

• 8.5 feet diameter = 210 feet 

• 12 feet diameter= 230 feet 

• 15 feet diameter = 250 feet 
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Trench excavation assumes that sidewalls will be constructed at 1 :1.5 slopes. Areas required for stockpiling have 
been calculated assuming the piles will hold at 1:1.5 slopes. Unit costs for installation were derived from industry 
standard data, and input received from several contractors. The following unit costs are estimated for each pipe 
size and comprise the total baseline installation cost estimated for the construction: 

• Pipe excavation has been estimated at $3.20 per cubic yard 

• In order to be conservative, it has been assumed that imported material will be required for pipe 
bedding. Import material {assuming a squeegee, sand and fine gravel, type material} placed and 
compacted has been estimated at $23.50 per cubic yard. Future studies, if conducted, should 
evaluate processing on-site materials which could reduce the material cost and reduce spoils 
disposal costs. 

• Pipe installation, including setting and joint repair, has been estimated at $73/foot. 

• Welding is a function of pipe thickness and diameter. The composite rate of $0.35fftlinch 
diameter/inch thickness was utilized. This assumes an average length between joints of 40 feet. 

• Backfill of the native material including compaction has been estimated at $1.80 per cubic yard. 

Due to the large number of alternatives and the long lengths of these alternatives, effort has not been made to 
identify the costs associated with conditions that differ from the baseline installation case. These conditions would 
consist of the following items: 

• Construction area less than the typical 

• Excavation of rock 

• Groundwater 

• Existing infrastructure {pavement replacement, surface restoration, etc.} 

• Stream, canal or utility crossings 

An allowance of fifteen percent of the pipeline construction cost has been allocated to account for these items. 
Future studies would need to perform site and geotechnical investigation to more accurately account for these 
items. 

An annual allowance for pipeline and appurtenance maintenance and replacement has been assumed to be one­
half percent of the pipeline initial construction cost has been included in the operations and maintenance cost of 
each alternative. 
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The pumping stations were located along the alignments as discussed previously. For each pumping station the 
total dynamic head was calculated based on the difference in elevation between the pump discharge hydraulic 
grade line at the pumping station and the ground elevation of the pumping station. This assumes a forebay will be 
utilized at each pumping station. Utilizing the total dynamic head and the flow rate for each flow scenario the 
required water horsepower needed was calculated. For planning purposes pumping equipment efficiency of 85 
percent was utilized to determine the total motor horsepower required for each station. For calculating power use 
for operating costs a motor efficiency of 95 percent was utilized. 

A conceptual plan was developed for a typical pumping station for the 500,000 af per year alternative, which is 
shown in Figure &-8. The number of pumps installed in the pumping station should have sufficient capacity in the 
event one or more pumps are out of service. The level of redundancy increases with the number of pumps 
installed. However, the building size and level of maintenance also increases with the number of pumps installed. 
The minimum number of pumps considered was two pumps and the benefits of adding additional pumps diminish 
beyond sixteen. Ten pumps were utilized in each station for the purposes of this study. Therefore, if one pump 
were out of service, the pumping station could still operate at 90 percent capacity. Future studies should identify 
the optimal number of pumps that should be installed at each pumping station. 

Since the delivery capacity of the system has been assumed to be fairly constant, variable frequency drives or 
pressure/flow control valves would not be needed. Incremental flows could be obtained if needed by running fewer 
pumps, particularly since the friction losses are fairly small as compared to the static head. 

A preliminary cost estimate was prepared for the conceptual pumping station layout shown in Figure 6-8 and &-9. 
Manufacturers of pumping and electrical equipment were contacted in order to obtain the budgetary information 
used in this estimate. The cost estimate indicates a total cost of $72 million for a total pumping station horsepower 
of 140,000 HP. This results in a unit cost of $515/HP which is consistent with historical costs associated with large 
pumping station projects. This unit cost for pumping stations was utilized to identify the costs for each pumping 
station in each alternative. 

Additional major items included in the conceptual pumping station include piping, valves, the building and support 
systems, controls and hydraulic transient mitigation measures. Piping in the pumping station was assumed to be 
welded steel pipe with polyurethane lining and painted on the exterior. Manufacture of the pipe would be similar to 
the rest of the piping on the project with the additional fabrication costs due to the large number of fittings such as 
tees and bends. 

Valves would be needed for isolating pumps and preventing water from draining through the pumps when not 
operating. A combination of manual valves and power actuated valves would likely be utilized. Power actuated 
valves could be electrical or hydraulic and would be controlled by the pumping station control system. Manual 
valves would allow isolation in the event the actuated valves were not functioning properly or required 
maintenance. Valve types would likely be ball, spherical or metal seated butterfly valves. For the purposes of cost 
estimating, cone valves have been utilized. It should be noted that the piping and valves in and near the pumping 
station, to any points in the system where a valve could be shut while the pump(s) are operating, would have to be 
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