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Executive Summary

Garrison Diversion Conservancy District retained the services of North Dakota State
University in Fargo, North Dakota (NDSU) to complete an Industrial Water Needs Assessment
for the eastern 13 counties of North Dakota (study area). Included in the study area were Barnes,
Cass, Cavalier, Grand Forks, Griggs, Nelson, Pembina, Ransom, Richland, Sargent, Steele,
Traill, and Walsh Counties.
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ND Red River Valley

V
Surrounding Regions (ND & MN)

The purpose of this assessment was to develop industrial water use projections out to
year 2050. Industrial activity was defined to include agricultural processing and non-agricultural
manufacturing. Agricultural processing (ag-processing) activities were limited to large-scale
facilities converting raw commodities into human food, livestock feed, and/or other products for
human use. Small-scale food preparation activities were not included in this study. Non-
agricultural manufacturing (non-ag manufacturing) activities included all manufacturing-based
operations, and included the manufacture of agricultural machinery and inputs. Analysis of
water use in other cities was also included to support population, water demand, and industrial
activity projections for the two largest cities in the study area (i.e., Fargo and Grand Forks).

Industrial Water Demand Projections
Current Demands

The current water use for ag-processing and non-ag manufacturing in the North Dakota
Red River Valley is approximately 5,809 acre-feet per year and 8,250 acre-ft per year,
respectively. Most of the industrial activity attributable to the current level of water demand has
occurred within the last 50 years.

Future Demands

Three possible future industrial water demand scenarios were developed for ag-processing
activities and non-ag manufacturing in the North Dakota Red River Valley (Exhibit 1). Ag-
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processing water needs were forecasted to increase by 79 to 324 percent over current (2002)
levels in the next 50 years, while non-ag manufacturing water needs were forecasted to increase
by 37 to nearly 150 percent over the same period. The projected increases in water demand for
ag-processing activities ranged from 4,590 acre-feet per year (low scenario) to 18,828 acre-feet
per year (high scenario). Likewise, projected water demand for non-ag manufacturing was
estimated to increase by 3,078 acre-feet per year to 12,284 acre-feet per year. The wide range of
future water use reflects uncertainty in predicting future industrial activity within the region.

Exhibit 1 Projected Increase in Water Demand

Future Agricultural Non-Agricultural Total Industrial

Scenarios Processing Manufacturing Water Demand
acre-ft per year

Low Forecast 4,590 3,078 7,668

Intermediate Forecast 11,096 6,662 17,758

High Forecast 18,828 12,284 31,112

Future increases in industrial water demand were allocated to specific sub-regions within
the North Dakota Red River Valley (Exhibit 2). Due the concentration of population,
transportation systems, and other resources, future industrial water needs in Cass County/Fargo
metro area, Grand Forks County/Grand Forks metro area, and Richland County/Wahpeton were
estimated to increase by 11,176, 10,275, and 5,608 acre-feet per year, respectively (high
scenario). By comparison, in the low scenario future industrial water needs in Cass
County/Fargo metro area, Grand Forks County/Grand Forks metro area, and Richland
County/Wahpeton were estimated to increase by 2,762, 2,530, and 1,380 acre-feet per year,
respectively. The largest share of future non-ag manufacturing water usage was found in Cass
County/Fargo metro area, while the largest increase in future water demand for ag-processing
activities was forecasted for Grand Forks County/Grand Forks metro area.

Exhibit 2 | Allocation of Future Water Demand
Grand Forks, Wahpeton,

Scenario Fargo, Grand Forks Richland Remaining

Cass County County County Study Area

acre-feet per year

Low Forecast 2,762 2,530 1,380 996
Intermediate Forecast 6,327 5,882 3,219 2,331
High Forecast 11,176 10,275 5,608 4,053




City Comparisons

Current water use information was collected from six cities, located in other regions of
the United States, to identify factors leading to economic growth, estimate current industrial
water demand, and provide support information for the Cities of Fargo and Grand Forks. Data
collected from the six cities indicates substantial variability in industrial water demand and
shows the influence that different types of industrial and commercial activity has on the average
per capita water use for a community (Exhibit 3). Industrial and commercial water demand, as a
percentage of total municipal water demand, varied from 23 percent to 78 percent in the selected
cities. The highest portion of municipal water demand for industrial uses was found with
communities that have a substantial ag-processing sector, technology sector, and/or the presence
of a major university in the community.

Exhibit 3 Selected Cities
Comparison Austin, Boise, Cedar Rapids, Decatur, Longmont, Sioux Falls,
Factors Texas Idaho lowa Ilinois Colorado South Dakota
Population
1980 345,890 102,249 110,243 94,081 43,500 81,343
1990 465,622 126,605 108,772 83,885 51,555 100,814
2000 656,562 185,898 120,758 81,860 73,344 124,000
Average Annual Population Change
1980-1990 (%) 3.02 2.16 -0.13 -1.14 1.71 2.17
1990-2000 (%) 3.50 3.92 1.05 -0.24 3.59 2.09
Water Demand (2002) (gallons per capita per day)
Industrial &
Commercial 59 69 205 252 47 65
Total 209 216 264 333 199 151
1&C % of Total 28 32 78 76 23 43
Primary Components of Industrial and Commercial Water Demand
Technology v v v 4
Ag-Processing v v v 4
Major University v v v
Manufacturing v
Service/Financial v

Austin, Texas has experienced substantial population growth over the past 20 years.
Although population growth has been due to many contributing factors, one reason is the
presence of the University of Texas Technology Park. As a result of technology-based research



and application activities associated with the park, Austin has attracted technology-based
industries, such as semiconductor and computer manufacturing. The comparison of Fargo, ND
to Austin is important due to recent initiatives associated with the NDSU Technology Park.
Fargo, along with NDSU, intends to attract technology-based companies to the metro area.
Recently, Alien Technology, a leading research firm on nanotechnology, committed to
establishing a major technological research facility in Fargo. Industrial ventures such as the
Alien initiative typically result in additional businesses that support and complement those
research activities.

Boise, Idaho has a strong technology sector and substantial agricultural and raw material
processing. Boise provides a valuable comparison to both Fargo and Grand Forks due to its
diverse industrial activities. Also, the population of Boise in 1980 was approximately the same
the current population of Fargo.

Cedar Rapids, lowa has a large concentration of agricultural processors. According to
industry sources in Cedar Rapids, the city has adopted a proactive approach to managing their
utility demand, directly benefitting regional processors. The University of lowa is also located
within the Cedar Rapids area, and research activities associated with the university have
influenced municipal water demand. Due in part to both university research and agricultural
processing activities, industrial water demand in Cedar Rapids is among the highest of the
comparison cities.

Decatur, Illinois is similar to Cedar Rapids, lowa in that it has a substantial number of
major agricultural processors and related businesses. Those industrial activities in Decatur from
1980 to 2000 resulted in continued increases in overall water demand even while city population
decreased.

The Longmont, Colorado area has one of the largest densities of skilled semiconductor
manufacture and research personnel in the United States. The expansion of this industry has
spurred substantial population growth in Longmont and has had measurable effects on the city’s
municipal water demand.

Sioux Falls, South Dakota has a relatively large service and financial sector, similar to
the breadth and size of services offered in Fargo. In addition, the city has a large agricultural
processor. The presence of some agricultural processing, along with service and financial
activities, has resulted in an industrial per capita water demand in the middle of the range found
in other comparison cities.

Typically, municipal water demand projections are based on population growth and a per
capita water demand factor. However, if per capita water demand factors are not reflective of
the type of industrial activities that are likely to occur in the future, then future water use is likely
to differ substantially from projected levels. Conclusions reached from the city comparison
analysis indicate that the type of industrial activity that accompanies population growth is an
important consideration in planning for future water use.
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Conclusions

Agricultural processing is a major component of industrial water use in the North Dakota
Red River Valley. In an attempt to better understand the role ag-processing will play in future
water demands, crop patterns in the North Dakota Red River Valley over the past 25 years were
examined. Crop patterns show a distinct trend of decreasing acreage of small grains and
increasing acreage of traditional row crops (e.g., corn, soybeans). High-value specialty crops
(e.g., potatoes, sugarbeets) also exhibited a slight increasing trend over the period. Acreage
patterns for other crops were mixed. Existing crop trends in the study region were forecasted to
continue throughout the next 50 years.

The implications of changing crop patterns suggest that future ag-processing activities
will likely involve row crops. The processing of row crops generally is more water intensive
than found with processing of small grains. As a result, water demand from ag-processing will
likely grow in the future due to both increases in existing processing activities (e.g., corn,
sugarbeets, potatoes) and the addition of new ag-processing activities (i.e., soybeans) to the
region.

Current industrial water use in six study cities in the United States in 2002 averaged
approximately 194 gallons per capita per day. Four of the six selected communities experienced
substantial (between 2 and 3 percent annually) growth during the past 20 years. The other two
communities have experienced marginal population growth or even slight population decline
over the past 20 years. These two communities have a substantial presence of agricultural-
related industries, which has kept per capita water use relatively high.

The type of industrial activity in a community has a substantial influence on per capita
water demand. The two communities with the largest presence of agriculturally-related
processing (Cedar Rapids and Decatur) also have the largest per capita water demand. The
industrial and commercial sector, as opposed to residential, is the largest consumer of water in
both of these communities. In Cedar Rapids, the 2002 industrial water usage represented
approximately 78 percent of the city’s total water demand. In Decatur, approximately 76 percent
of the water demand went to the industrial sector in 2002.

Existing water demand in the 13-county study region was divided into ag-processing and
non-agricultural manufacturing. Current water demands in the region are approximately:
5,809 acre-ft per year for agricultural processing
8,257 acre-ft per year for non-ag manufacturing

Ag-processing water needs were forecasted to increase by 79 to 324 percent over 2002
levels in the next 50 years, while non-ag manufacturing water needs were forecasted to increase
by 37 to nearly 150 percent over the same period. The projected increases in water demand for
industrial activities in the North Dakota Red River Valley ranged from 7,668 acre-feet per year
to 31,112 acre-feet per year (see Exhibit 1).
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The increase in total industrial water demand (i.e., combined effects of ag-processing and
non-ag manufacturing) was forecasted to be largest for Cass County/Fargo metro area and Grand
Forks County/Grand Forks metro area.

Those two city-county locations were projected to require 5,292 acre-feet of water per
year (low scenario) to 21,451 acre-feet per year (high scenario) above current industrial water
use. Richland County/Wahpeton was forecasted to need an additional 1,380 acre-feet of water
per year to 5,608 acre-feet per year above current industrial water use. Future water needs in the
remaining 10 counties were estimated to be 996 acre-feet of water per year to 4,053 acre-feet per
year above current industrial water use
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1.0 INTRODUCTION

A reliable water supply for eastern North Dakota and the Red River Valley is a great
concern for residents, businesses, and local, state, and Federal government agencies. The Red
River Valley is subject to both periodic flooding and drought. Past flooding problems (e.g., the
spring flood of 1997) have received substantial attention in recent years. However, a larger,
long-term water problem for the Red River Valley is the possibility of a water shortage. Given
current sources of water supply and recent economic and residential growth in the Red River
Valley, the region is at risk of not having sufficient water to meet its residential, municipal, and
commercial needs in the future. Droughts in the last century have shown that the Red River, the
region’s primary water source, is subject to periods of reduced flow, and even stoppage of water
flow in some situations.

As part of the ongoing Federal management of the Garrison Diversion project, The
Dakota Water Resources Act of 2000 (Public Law 106-554) was signed into law in December,
2000. Provisions within The Dakota Water Resources Act of 2000 authorized the Red River
Valley Water Supply Project. While the goals of the Red River Valley Water Supply Project are
multi-faceted, the project is basically designed to examine future water needs and future water
supply options in the Red River Valley. Two government agencies, U.S. Department of the
Interior, Bureau of Reclamation and the Garrison Diversion Conservancy District in North
Dakota, have been assigned joint responsibility for preparing an Environmental Impact
Statement (EIS) for the Red River Valley Water Supply Project. As part of the process of
developing alternatives to be considered in the EIS, a Needs and Options Report (NOR) will be
conducted by the Bureau of Reclamation to examine current and future water needs of the Red
River Valley. The NOR is designed to address future water needs for water quality, aquatic
environment, municipal, rural, and industrial uses, and water conservation measures.

Garrison Diversion Conservancy District retained the services of North Dakota State
University in Fargo, North Dakota to complete an Industrial Water Needs Assessment to be
submitted to the Bureau of Reclamation for input into the NOR. The focus of this report is
specifically limited to agricultural processing and non-agricultural manufacturing water use.

1.1 Scope

The geographic scope of this study is primarily targeted at the Red River Valley of North
Dakota. However, for purposes of developing estimates of water use from agricultural
processing activities, the Red River Valley of Minnesota and counties adjacent to the Red River
Valley in North Dakota were included (Figure 1-1). The Red River Valley of North Dakota
(NDRRYV) included Barnes, Cass, Cavalier, Grand Forks, Griggs, Nelson, Pembina, Ransom,
Richland, Sargent, Steele, Traill, and Walsh Counties. The Red River Valley of Minnesota
(MNRRYV) included Clay, Kittson, Marshall, Norman, Pennington, Polk, Red Lake, Traverse,
and Wilkin Counties. The counties adjacent to the Red River Valley in North Dakota (NDADJ)
included Benson, Dickey, Eddy, Foster, LaMoure, Ramsey, Stutsman, and Towner.
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Figure 1-1. North Dakota Red River Valley Study Area, and Surrounding Regions, Industrial
Water Needs Assessment, 2004

The time frame for projections in this study was based on approximately a 50-year period
(i.e., year 2050). Projections developed in this study are designed to be point estimates for year
2050. Inter-modal distributions of water use projections between 2002 (most recent year for
which data was available in this study) to year 2050 were not included.

Industrial water needs are defined to include agricultural processing and non-agricultural
manufacturing activities. Agricultural processing activities were limited to large-scale facilities
converting raw commodities into human food, livestock feed, and/or other products for human
use. For example, an oilseed crushing facility produces vegetable oil and meal; the vegetable oil
often is used for human consumption while the meal is used as livestock feed. Alternatively, an
ethanol plant does not produce human food, but rather produces automotive fuel and livestock
feed. Small-scale food preparation activities were not included in this study. Examples of these
activities include butcher shops, local bakeries, food speciality stores, and other miscellaneous
food preparation activities. Water use from small-scale food preparation operations were
addressed in another study examining commercial activity in the Red River Valley.*

Non-agricultural manufacturing activities include all manufacturing-based operations,
and include the manufacture of agricultural machinery and inputs. Examples of non-agricultural
manufacturing include the Case-IH plant in Fargo, the Wil-Rich implement manufacturing plant
in Wahpeton, manufacturing plants operated by LM Glasfiber and Cirrus Design Corporation in
Grand Forks, and DMI Industries in West Fargo.



1.2 Purpose and Objectives

The primary purpose of this report is to provide estimates of potential future industrial
water demand to the Bureau of Reclamation and the Garrison Diversion Conservancy District.

The primary objective of this study is to estimate a range of potential future agricultural
and non-agricultural industrial water needs for the North Dakota Red River Valley (NDRRV).
Specific objectives include:

1) estimate current (i.e., year 2002) water use from agricultural and non-agricultural
activities,

2) estimate potential water use for agricultural processing activities out to year 2050, and

3) estimate potential water use for non-agricultural manufacturing activities out to year
2050.

2.0 HISTORY OF AGRICULTURAL PROCESSING, WATER USE, AND CROP
PRODUCTION

The following sections discuss historical development of agricultural processing
activities, estimates of historical water use associated with agricultural processing, and crop
production from 1953 to 2002 in each of the study regions. Analyses of trends over the period
were also included in the following sections.

2.1 Agricultural Processing

Agricultural processing activity tends to occur at large facilities, but those facilities are
generally fewer in number than other types of manufacturing activities. As a result, individual
plants can be identified and tracked over time. A history of agricultural processing of crops in
the three study regions (NDRRV, MNRRV, and NDADJ) was compiled from 1953 through 2002
(i.e., a 50-year period). Unless otherwise noted, agricultural processing capacities discussed in
this report refer to the amount of raw commaodity processed.

Prior to 1953, the most identifiable large-scale agricultural processing facilities included
the North Dakota State Mill located in Grand Forks, ND, several potato washing and packaging
plants located in the northern half of the Red River Valley, and two sugarbeet processing plants
located in East Grand Forks and Moorhead, MN. No large-scale processing activities were
present in the North Dakota counties adjacent to the Red River Valley. The combined annual
processing capacity of the operations existing in the study regions prior to 1953 was estimated at
2.5 million tons (Table 2-1).



From 1953 to 1959, a sugarbeet plant in Crookston, MN was built, and two potato
washing and packaging operations were started in the Northern Red River Valley. At the end of
the 1950s, total agricultural processing capacity in the Red River Valley was estimated at 3.6
million tons. A total of 1.2 million tons of processing capacity was added from 1953 to 1959
(Table 2-1). In 1959, about 89 percent of the region’s processing capacity was located in the
MNRRV.

From 1960 to 1969, a sugarbeet processing plant was built in Drayton, ND, confection
sunflower processing started in the Red River Valley, and minor expansion of potato washing
and package activities occurred in the Northern Red River Valley. At the end of the 1960s, total
agricultural processing capacity in the three regions was estimated at nearly 5 million tons.
About 1.4 million tons of processing capacity were added in the Red River Valley during the
1960s (Table 2-1). By 1969, the MNRRYV was estimated to have 65 percent of the agricultural
processing capacity in the Red River Valley. By comparison, about 35 percent of all agricultural
processing capacity in the Red River Valley was located in North Dakota, up from 11 percent in
1959.

From 1970 to 1979, total capacity of agricultural processing activities increased
substantially in all three regions (Table 2-1). In the NDRRYV, two additional sugarbeet plants
were built, and an expansion occurred at the Drayton plant. Additional growth in agricultural
processing in the NDRRYV in the 1970s came from an expansion of potato washing and
packaging and confection sunflower processing activities, as well as the construction of the
region’s first oilseed crushing plant. In the MNRRYV in the 1970s, additional growth in
agricultural processing came from the construction of a barley malting plant, and from expanded
sugarbeet and confection sunflower processing. A barley malting plant also was built in the
1970s in the NDADJ region. At the end of the 1970s, total agricultural processing capacity in
the three regions was estimated at nearly 10.3 million tons. About 4.8 million tons of processing
activity were added in the Red River Valley, of which, 3.4 million tons were added in the
NDRRYV (Table 2-1). By 1979, Minnesota’s share had dropped to 48 percent of all agricultural
processing activity in the Red River Valley, compared to 52 percent of all activity on the North
Dakota side of the valley.

From 1980 to 19809, total capacity of agricultural processing activities again increased in
all three regions. Inthe NDRRV, agricultural processing capacities increased as result of
expanded wheat milling, confection sunflower, and potato washing/packaging activities. The
region also added a french fry plant, an oilseed crushing plant, and two ethanol plants. However,
one ethanol plant subsequently closed shortly after opening. In the MNRRYV, additional
agricultural processing included added capacities for potato washing/packaging and confection
sunflower activities. In the NDADJ region, a durum milling plant was constructed. At the end
of the 1980s, total agricultural processing capacity in the three regions was estimated at nearly
11.5 million tons. During the 1980s, about 1.1 million tons of processing activity were added in
the Red River Valley; however, 98 percent of additional processing capacity was added on the
North Dakota side of the valley (Table 2-1). By 1989, North Dakota contained 57 percent of all
agricultural processing activity in the Red River Valley.



From 1990 to 1999, total capacity of agricultural processing activities in the three regions
expanded by 3.8 million tons (Table 2-1). In the NDRRV, new plant startups included a wheat
milling facility, a potato flake plant, a corn wet-milling plant, and a straw processing plant. Plant
expansions during the 1990s included additional capacity added to two sugarbeet plants and one
ethanol plant. Processing capacity in the NDRRV expanded by 2.4 million tons during the
1990s. Also, the ethanol plant that opened and closed in the 1980s, again re-opened and closed
in the 1990s. In the MNRRYV, the only major expansion of agricultural processing included
additional capacity added to two sugarbeet processing plants. The NDADJ region added a
potato processing facility, as well as the startup and subsequent expansion of a pasta plant.
About 3.4 million tons of processing activity were added in the Red River Valley, of which, 72
percent occurred in the NDRRV (Table 2-1). By 1999, North Dakota contained 61 percent of all
agricultural processing activity in the Red River Valley.

From 2000 to 2002, about 291,000 tons of new" agricultural processing capacity was
added in the three regions (Table 2-1). Additional wheat milling capacity was added in the
NDRRV, no change in processing capacities occurred in the MNRRYV, and additional pasta
capacity was added to the NDADJ region. In 2002, a total of 9 million tons of processing
capacity existed in the NDRRYV, 5.6 million tons in the MNRRV, and 1.3 million tons in the
NDADJ region. About 57, 35, and 8 percent of the total agricultural processing capacity was
located in the NDRRV, MNRRYV, and NDADJ study regions, respectively. Total agricultural
processing capacity in the three regions was estimated at 15.9 million tons in 2002.

The growth in agricultural processing capacities in the study regions from 1953 through
2002 was substantial. Agricultural processing capacity in the NDRRV increased by 2,339
percent or by 8.6 million tons over the period (Table 2-2). By comparison, agricultural
processing capacity in the MNRRYV increased by 168 percent or by 3.5 million tons over the
period. The NDADJ region went from having no large-scale processing facilities to having
several facilities with a combined capacity of 1.3 million tons. The combined capacity of all
agricultural processing facilities in the three study regions increased by 548 percent over the
period (Table 2-2).

Of the 13.5 million tons of agricultural processing activity added to the three study
regions from 1953 to 2002, 8.6 million tons or 64.1 percent came from sugarbeets. Processing of
corn, oilseeds, potatoes, wheat, barley, and other crops accounted for 9.1, 7.4, 6.6, 6.1, 5.3, and
1.5 percent of the expansion, respectively (Table 2-2). Prior to 1953, nearly 85 percent of
existing processing capacity in the three regions was attributable to sugarbeets, with the
remaining activity limited to wheat milling and potato processing. By 2002, not only had

An ethanol plant opened and closed in the 1980s, then re-opened and closed again in the 1990s, only to
eventually re-open in 2000. The plant’s capacity was added to the NDRRV when it opened and subtracted from the
region total when closed. As a result, the net change in the region’s processing capacity attributable to the plant was
zero in the 1980s and again zero in the 1990s. Even though the plant re-opened in 2000, the processing activity
associated with the plant does not accurately portray an increase in “new” processing capacity to the NDRRV.
However, since the plant has remained operational since 2000, the plant’s activities are reflected in the current total
tonnage of agricultural processing capacity in the NDRRV.
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agricultural processing included expansions of sugarbeet, potato and wheat processing, but also
included processing of barley, corn, oilseeds, and other miscellaneous crops.

Table 2-1. Change in Capacities of Agricultural Crop Processing Activities, by Region and
Decade, 1953 through 2002

North Dakota Minnesota North Dakota

Red River Red River Adjacent
Period Valley Valley Counties Total

---------------------- tons of processing capacity added ---------------------
Prior to 1953 369,572 2,090,000 0 2,459,572
1953 to 1959 13,900 2,090,000 0 1,163,900
1960 to 1969 1,335,643 17,222 0 1,352,865
1970 to 1979 3,396,857 1,378,547 526,614 5,302,018
1980 to 1989 1,079,543 17,222 120,000 1,216,765
1990 to 1999 2,430,704 954,861 460,000 3,845,565
2000 to 2002 389,000 0 210,000 599,000

Prior to 1953 369,572 2,090,000 0 2,459,572
1959 383,472 3,240,000 0 3,623,472
1969 1,719,115 3,257,222 0 4,976,336
1979 5,115,972 4,635,769 526,614 10,278,355
1989 6,195,515 4,652,991 646,614 11,495,120
1999 8,626,219 5,607,852 1,106,614 15,340,685
2002 9,015,219 5,607,852 1,316,614 15,939,685

2.2 Agricultural Processing Water Use

While the change in the volume of crop processed over time is important, perhaps of
greater importance is the change in water use by agricultural processing activities. In order to
project past estimates of water use over time, two assumptions were made regarding water
consumption at agricultural processing facilities. First, processing plants were assumed to
operate at capacity each year. Second, water consumption rates per unit of commodity processed
were assumed to be similar to current rates over the entire 50-year period. Thus, the projections
of historic water use were based on constant water consumption rates per unit of commodity
processed over the period. For example, if wheat milling currently uses about 6 gallons of water
per ton of wheat processed, then wheat milling in past decades was estimated to also use the
same amount of water per ton processed.




Table 2-2. Agricultural Processing Plant Capacities, by Study Region and Crop, 1953 to 2002

North Dakota Minnesota North Dakota
Time Period Red River Red River Adjacent
and Crop Valley Valley Counties Total Percent
tons of raw commodity processed ---------------------
Capacity prior to 1953
Wheat 348,000 0 0 348,000 141
Barley 0 0 0 0 0.0
Sugarbeets 0 2,082,500 0 2,082,500 84.7
Potatoes 21,572 7,500 0 29,072 1.2
Oilseeds 0 0 0 0 0.0
Corn 0 0 0 0 0.0
Soybeans 0 0 0 0 0.0
Other® 0 0 0 0 0.0
Total 369,572 2,090,000 0 2,459,572
Capacity added from 1953 to 2002
Wheat 282,000 0 540,000 822,000 6.1
Barley 0 186,743 526,614 713,357 5.3
Sugarbeets 5,375,000 3,267,500 0 8,642,500 64.1
Potatoes 617,950 15,000 250,000 882,950 6.6
Oilseeds 992,070 0 0 992,070 7.4
Corn 1,223,600 0 0 1,223,600 9.1
Soybeans 0 0 0 0 0.0
Other® 155,028 48,609 0 203,637 15
Total 8,645,648 3,517,852 1,316,614 13,480,113
Current capacity (2002)
Wheat 630,000 0 540,000 1,170,000 7.3
Barley 0 186,743 526,614 713,357 45
Sugarbeets 5,375,000 5,350,000 0 10,725,000 67.3
Potatoes 639,521 22,500 250,000 912,021 5.7
Oilseeds 992,070 0 0 992,070 6.2
Corn 1,223,600 0 0 1,223,600 7.7
Soybeans 0 0 0 0 0.0
Other® 155,028 48,609 0 203,637 13
Total 9,015,219 5,607,852 1,316,614 15,939,685
Change from
1953 to 2002 2,339.4% 168.3% 548.1%

% Includes confection sunflower and wheat straw processing.
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Even though the assumptions used in the projections are not likely to hold in all
situations over the past 50 years, they are not likely to substantially affect projections of historic
water use. In most cases, processing plants have to operate close to stated capacity to remain
competitive. Published estimates of plant output in the wheat milling industry shows facilities
generally operate from 80+ percent to 105 percent of stated capacity.” In other industries, such
as sugarbeets and potatoes, plant output is close to capacity due to structural relationships
between growers and plant owners (i.e, the amount of crop raised is limited by contracts between
plant operators and growers). Data on the exact quantity of commaodity processed each year for
each facility was not available. Also, data on historic water consumption per unit of commodity
processed over time was not available. Water use rates contained in the projections were based
on current processing technologies or technologies used in existing facilities (see Table 4.3).
Advancements in processing technologies over the past 50 years may have improved the per unit
use of water for some types of agricultural processing activities; however, data was not available
to support that hypothesis. Finally, some of the recent agricultural processing activities added in
the study regions (e.g., corn wet-milling) also are some the most water intensive (i.e., per unit of
raw commodity processed). Since some activities are relatively recent additions to the study
regions, long-term technological influences on per unit water use are unlikely to have changed
those per unit rates used in the projections.

Projections of historic water use by agricultural processing activities in the three study
regions were developed by applying current water use rates to past processing capacities (both
plant start-ups and expansions). Thus, by using a fixed per unit rate of water consumption over
the period, the change in overall agricultural processing water use varied only by volume and
type of processing activity.

About 133 acre-feet per year of water use was added from 1953 to 1959 for agricultural
processing activities in the three study regions (Table 2-3). Over 99 percent of the water use
added over that period was in the MNRRV, and attributable to sugarbeet processing. From 1960
to 1969, about 153 acre-feet per year of water use was added in the three regions. Over 99
percent of the water use added over that period was in the NDRRYV and attributable to sugarbeet
processing. From 1970 to 1979, about 5,465 acre-feet per year of water use was added in the
three regions (Table 2-3). About 88 percent of the increase in water use in the 1970s came from
two barley malting plants. From 1980 to 1989, about 2,501 acre-feet per year of water use was
added in the three regions. About 99 percent of the water use was added in the NDRRYV, and
nearly 90 percent of water use added in the NDRRV came from a french fry processing plant.
From 1990 to 1999, 4,212 acre-feet per year of water use was added in the three regions. Nearly
60 percent of the increase occurred in the NDRRYV, and over 84 percent of the water use added in
the NDRRV during the period was attributable a corn wet-milling plant. From 2000 to 2002,
about 200 acre-feet per year of water use was added in the three regions, with 86 percent of that
increase occurring in the NDRRV (Table 2-3).



Table 2-3. Change in Water Use from Agricultural Crop Processing Activities, by Region and
Decade, 1953 through 2002

North Dakota Minnesota North Dakota
Red River Red River Adjacent

Period Valley Valley Counties Total

------------------ acre-feet per year of water use added ------------------
Prior to 1953 6.7 240.5 0.0 247.2
1953 to 1959 0.4 132.7 0.0 133.1
1960 to 1969 151.7 0.8 0.0 152.6
1970 to 1979 511.7 1,397.1 3,555.7 5,464.5
1980 to 1989 2,484.2 0.8 16.0 2,501.0
1990 to 1999 2,482.8 109.9 1,619.3 4,212.0
2000 to 2002 172.0 0.0 27.9 200.0

------------------ total annual acre-feet of water use ----------------------

Prior to 1953 6.7 240.5 0.0 247.2
1959 7.1 373.3 0.0 380.3
1969 158.8 374.1 0.0 532.9
1979 670.5 1,771.2 3,555.7 5,997.4
1989 3,154.7 1,772.0 3,571.7 8,498.4
1999 5,637.6 1,881.9 5,190.8 12,710.4
2002 5,809.6 1,881.9 5,218.9 12,910.4
Change from

1953 to 2002 87,038% 682% - 5,122%

From 1953 to 2002, water use in the three regions increased from about 247 acre-feet per
year to 12,910 acre-feet per year. Annual water use in the three study regions increased by 5,122
percent (Table 2-3). The largest change in water use among the three study regions occurred in
the NDRRV, which went from about 7 acre-feet per year to 5,810 acre-feet per year. In
percentage terms, water use in the NDRRYV increased by 87,038 percent over the period. The
magnitude of change was similar in the NDADJ region, which added 5,219 acre-feet per year of
water use over the period. Water use also increased in the MNRRYV, although not to the extent
found in the other two regions (Table 2-3).

Individual agricultural processing plants had substantial influences on water use in the
study regions from 1953 to 2002. The five largest water consuming processing plants (two
barley malting plants, two potato plants, and one corn plant) in the three regions were estimated
to use about 10,727 acre-feet per year of water in 2002. The five largest water consuming plants
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in 2002 represented over 83 percent of all agricultural processing water use in the three regions.
Of the water use added from 1953 to 2002 in the three regions, barley, potato, and corn
processing accounted for over 88 percent of all agricultural processing annual water
consumption (Table 2-4).

Table 2-4. Change in Water Use from Agricultural Crop Processing Activities, by Region and
Crop, 1953 through 2002

North Dakota Minnesota North Dakota

Red River Red River Adjacent
Crop Valley Valley Counties Total Percent
----------- acre-feet of water use prior to 1953 ----------

Wheat 6.0 0.0 0.0 6.0 2.4
Barley 0.0 0.0 0.0 0.0 0.0
Sugarbeets 0.0 240.3 0.0 240.3 97.2
Potatoes 0.7 0.2 0.0 0.9 0.4
Oilseeds 0.0 0.0 0.0 0.0 0.0
Corn 0.0 0.0 0.0 0.0 0.0
Soybeans 0.0 0.0 0.0 0.0 0.0
Other® 0.0 0.0 0.0 0.0 0.0

Total 6.7 240.5 0.0 247.2

Wheat 15.3 0.0 71.8 87.1 0.7
Barley 0.0 1,260.9 3,555.7 4,816.6 38.0
Sugarbeets 620.3 377.1 0.0 997.3 7.9
Potatoes 2,450.6 0.5 1,591.3 4,042.4 31.9
Oilseeds 395.8 0.0 0.0 395.8 3.1
Corn 2,312.7 0.0 0.0 2,312.7 18.3
Soybeans 0.0 0.0 0.0 0.0 0.0
Other® 8.3 3.0 0.0 11.3 0.1

Total 5,802.9 1641.4 5,218.8 12,663.2

a - .
Includes confection sunflower and wheat straw processing.
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2.3 Crop Production

The tonnage of crop production was compiled for each study region from 1953 through
2002. Crop production is often reported in bushels, pounds, hundredweight, or tons. For those
crops measured by bushels, common test weights were used to convert bushels to tons (Table 2-
5). Annual crop production statistics were obtained from the National Agricultural Statistics
Service historical data base.®> All major crops grown in the study regions were included in the
estimates.

Table 2-5. Common Test Weights for
Commodities Grown in the Study
Regions
Crop Test Weights*
pounds/bushel
Wheat? 60
Barley 48
Oats 36
Rye 56
Flax 49
Corn 56
Soybeans 60

a Spring, durum, and winter wheat.

Because of annual variations in crop production due to weather and other factors, crop
production from 1953 to 2002 was averaged by decade (Table 2-6). Crop production in the three
study regions averaged about 10.2 million tons annually from 1953 through 1959. From 1960 to
1969, average crop production increased to 12.9 million tons annually. Average crop
production, from 1970 to 1979, increased to 18.4 million tons annually. During the 1980s,
average annual crop production increased to 21.9 million tons. Overall crop output continued to
increase in the 1990s, with average annual production estimated at 25.8 million tons. From 2000
to 2002, average crop production in the three regions was 27.4 million tons annually (Table 2-6).

Based on comparing a 5-year average from 1953 to 1957 to a 5-year average from 1998
to 2002, overall crop production in the three regions increased by 183 percent (Table 2-6). The
largest percentage change occurred in the MNRRYV where crop production increased 220 percent
over the period. However, the greatest increase in tons produced occurred in the NDRRV, where
average annual crop production increased by nearly 9 million tons over the period (Table 2-6).
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The tonnage of crop produced in each study region showed consistent growth over the
50-year period. The growth in crop output can be attributed to increases in yields and shifting
acreage from lower yielding small grains to higher yielding row crops. Minor increases in the
overall volume of crop output came from additional irrigated crop land.

Table 2-6. Change in Average Annual Crop Production, by Region, 1953 through 2002
North Dakota North Dakota  Minnesota
Red River Adjacent Red River
Period Valley Counties Valley Total
—————————————————— 000s of tons of annual crop production ------------------
1953 to 1959 4,790 1,961 3,488 10,240
1960 to 1969 6,152 2,428 4,316 12,896
1970 to 1979 8,633 2,838 6,884 18,355
1980 to 1989 10,482 3,084 8,327 21,893
1990 to 1999 12,291 3,476 10,034 25,800
2000 to 2002 13,304 3,580 10,486 27,370
Avg 1953 to 1957 4,452 1,930 3,381 9,763
Avg 1998 to 2002 13,419 3,439 10,800 27,657
Change in tons 8,966 1,508 7,419 17,894
Percent 201.4% 78.1% 219.5% 183.3%

2.4 Analysis of Trends

Based on historical data from 1953 to 2002, three clear trends are evident. Agricultural
processing capacities, agricultural processing water use, and crop production have increased
substantially in the study regions. Regression analysis was used to test for statistical significance
in the trends. Linear and non-linear models of the change were evaluated with all three data sets.

The change in agricultural processing capacities over the 50-year period was statistically
significant in each study region (Figures 2-1 through 2-4) (Table 2-7). The average increase in
processing capacity in the NDRRV over the 50-year period was 176,400 tons annually (Table 2-
7). Similarly, average annual increases in processing capacity in the MNRRV and NDADJ
regions were 71,800 tons and 26,900 tons, respectively. The average annual change in
agricultural processing capacities in all three regions was estimated at 275,100 tons (Table 2-7).
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Figure 2-1. Trend in Agricultural Processing Capacities, North Dakota Red River Valley, 1953
through 2002
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Figure 2-2. Trend in Agricultural Processing Capacities, Minnesota Red River Valley, 1953
through 2002
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Figure 2-3. Trend in Agricultural Processing Capacities, North Dakota Adjacent Counties, 1953
through 2002
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Figure 2-4. Trend in Agricultural Processing Capacities, All Study Regions, 1953 through 2002
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Table 2-7. Regression Analysis of the Change in Agricultural Processing Capacities,
Agricultural Processing Water Use, and Crop Production, 1953 through 2002

North Dakota Minnesota North Dakota
Statistical Red River Red River Adjacent Combined
Measures Valley Valley Counties Regions
.......................................... Agricultural Pracessing Capacity (tons) .
Model linear linear quadratic linear
Intercept -386320194 -103173055 1746418910 -543949494
(t-value) (-30.41)* (-16.21)* (4.39)* (-28.03)*
Coefficient(s) 197,466 54,235 -1,793,705 279,458
(t-value) (30.74)* (16.85)* (-4.46)* (28.47)*
460.54678
(4.53)*
Adjusted R? 0.95 0.85 0.90 0.94
Agricultural Processing Water Use (acre-feet)
Model quadratic linear linear linear
Intercept 12604799 -84645 -258644 -602763
(t-value) (7.63)* (-13.02)* (-15.77)* (-20.89)*
Coefficient(s) -12,879 43.35375 131.93586 307.46277
(t-value) (-7.70)* (13.19)* (15.91)* (21.07)*
3.28984
(7.79)*
Adjusted R 0.93 0.80 0.83 0.94
Crop Production (tons)

Model linear linear linear linear
Intercept -379640988 -331737361 -66783930 -778162293
(t-value) (-16.57)* (-18.73)* (-6.58)* (-16.50)*
Coefficient 196,466 171,249 35,200 402,915
(t-value) (16.96)* (19.12)* (6.86)* (16.90)*
Adjusted R? 0.85 0.88 0.48 0.85

Note: Independent variables in the quadratic model were specified as year and year squared.
* Statistically significant at the 99 percent level.
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The change in agricultural processing water use over the 50 year period was statistically
significant in each study region (Figures 2-5 through 2-8) (Table 2-7). The average increase in
water use by agricultural processing activities in the NDRRV was estimated at 118 acre-feet per
year. Similarly, average increases in water use in the MNRRV and NDADJ regions were 34
acre-feet per year and 107 acre-feet per year, respectively. The average increase in water use by
agricultural processing activities in all three regions was estimated at 258 acre-feet per year.

The change in crop production over the 50-year period was statistically significant in
each study region (Figures 2-9 through 2-12) (Table 2-7). The average increase in crop
production in the NDRRYV was estimated at 192,300 tons annually. Similarly, average increases
in crop production in the MNRRYV and NDADJ regions were 145,800 tons annually and 36,000
tons annually, respectively. The average increase in crop production in all three regions was
estimated at 374,000 tons annually.

The average amount of water use per ton of processing capacity has not been constant in
the three regions during the 50-year period (Figure 2-13). Total annual processing capacity was
divided by estimated total annual water consumption. A statistically significant trend of
increasing water use per ton processed was found from 1953 to 2002 in the NDRRV, MNRRYV,
and combined regions (Table 2-8). A statistically significant trend of decreasing water use per
ton processed was found from 1953 to 2002 in the NDADJ region (Table 2-8). The relationship
between water use and processing capacity can alternatively be expressed as fewer tons of
agricultural processing activity have been required to consume an acre-foot of water in recent
years compared to early in the 50-year period. Essentially, agricultural processing activities
added in the NDRRV and MNRRYV, in recent decades, are more water intensive than processing
activities that existed early in the 50-year period. However, in the NDADJ region, agricultural
processing activities added in recent years (e.g., durum milling) have been less water intensive
than processing activities added in earlier periods (e.g., barley malting), leading to decreasing
trend in the ratio of water use per ton of processing capacity.

The ratio of processing capacity to overall crop production has not been constant in the
three regions during the 50-year period. In the NDRRV and NDADJ regions, processing
capacity, over the 50-year period, expanded at a greater rate than the increase in crop production.
In the MNRRYV, the opposite occurred, crop production increased at a greater rate than the
increase in agricultural processing capacity. When the study regions were combined,
agricultural processing capacities expanded at greater rate than the increase in crop production
(Figure 2-14). In each study region, the change in the ratio of agricultural processing capacity to
crop production was statistically significant over the 50-year period (Table 2-8).

Processing capacity as a function of crop production was also examined (Table 2-8).
Statistically, a strong relationship (Adjusted R?=0.8or greater) existed between the volume of
crop production and overall agricultural processing capacities during the 50-year period in the
NDRRV and MNRRYV. Although statistically significant, the relationship between crop volume
and processing capacities was less pronounced in the NDADJ region (Table 2-8).
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Figure 2-5. Trend in Agricultural Processing Water Use, North Dakota Red River Valley, 1953
through 2002
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Figure 2-6. Trend in Agricultural Processing Water Use, Minnesota Red River Valley, 1953
through 2002
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Figure 2-7. Trend in Agricultural Processing Water Use, North Dakota Adjacent Counties, 1953
through 2002
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Figure 2-8. Trend in Agricultural Processing Water Use, All Study Regions, 1953 through 2002
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Figure 2-9. Trend in Crop Production, North Dakota Red River Valley, 1953 through 2002
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Figure 2-10. Trend in Crop Production, Minnesota Red River Valley, 1953 through 2002
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Figure 2-11. Trend in Crop Production, North Dakota Adjacent Counties, 1953 through 2002
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Figure 2-12. Trend in Crop Production, All Study Regions, 1953 through 2002
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Table 2-8. Regression Analysis of Selected Ratios between Agricultural Processing
Capacities, Agricultural Processing Water Use, and Crop Production, 1953 through 2002

North Dakota Minnesota North Dakota
Statistical Red River Red River Adjacent Combined
Measures Valley Valley Counties Regions
..Change in Ratio of Water Use per Ton of Processing Capacity over Time
Model quadratic linear linear linear
Intercept 0.79826 -0.01461 0.1807 -0.04044
(t-value) (2.98)* (-10.48)* (11.05)* (-16.61)*
Coefficient(s) -0.00082367 0.00000751 -0.00008814 0.00002068
(t-value) (-3.04)* (10.66)* (-10.72)* (16.80)*
0.000000214513
(3.10)*
Adjusted R? 0.88 0.70 0.81 0.85

Model

Intercept
(t-value)

Coefficient(s)
(t-value)

Adjusted R?

Intercept
(t-value)

Coefficient(s)
(t-value)

Adjusted R?

Change in Ratio of Processing Capacity to Crop Production over Time

quadratic quadratic linear linear
-1005.65221 838.6997 -13.00596 -11.08048
(-3.56)* (2.88)* (-3.60)* (-7.56)*
1.00304 -0.83875 0.00667 0.00583
(3.51)* (-2.85)* (3.67)* (7.86)*
-0.00024994 0.00020983
(-3.46)* (2.82)*
0.84 0.65 0.32 0.55

Processing Capacities as a function of Crop Volume

-3667715 2068257 -638819 -2681731
(-7.53)* (14.04)* (-3.31)* (-3.76)*
0.88341 0.29084 0.37973 0.61075
(17.02)* (14.60)* (5.74)* (16.83)*

0.85 0.81 0.39 0.85

Note: Independent variables in the quadratic model were specified as year and year squared.
* Statistically significant at the 99 percent level.
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3.0 METHODOLOGY

The following sections discuss the methods used to project future levels of agricultural
processing activity and non-agricultural manufacturing. Included in the section is a discussion of
issues associated with predicting future levels of agricultural processing activity and a review of
existing literature pertinent to this study. Assumptions and limitations associated with the study
methods are also discussed.

3.1 Issues in Predicting Future Agricultural Processing Activities

One of the primary goals of the study is to project future water use from agricultural
processing activities out to year 2050. The time frame for the projections creates several
concerns. Those concerns include the development of new technologies, changes in Federal
farm and trade policies, changes in state and local policies, limited usefulness of existing
governmental forecasts, and the possibility of unforeseen/unpredictable factors affecting
agricultural processing during the period.

New technologies and products associated with agricultural processing are likely to be
developed in the next 50 years. Technologies used in to process agricultural commodities are
continually changing. Closely linked to changes in processing technologies is the development
of new products associated with agricultural processing. If the past 50 years is representative of
the type of changes in both technology and products that might occur in agricultural processing
in the future, then completely new processes and products are likely to appear in the next 50
years. Over the past 50 years, technologies were developed to produce automotive fuel and fuel
additives from crops (e.g., ethanol, diesel fuel from sunflower oil). Another example includes
corn wet-milling, which is currently used to produce sweeteners, oils, and animal feeds, but can
provide the foundation to produce other products such as plastics, pharmaceuticals, and
industrial chemicals.>®

Examples of new technologies and products on the horizon that have not yet been
commercialized include bio-polymers, bio-pharmaceuticals, cellulose-based products (e.g.,
nanowiskers, textile components) and additional bio-fuel additives. Bio-polymer research is a
broad area of study that encompasses the use of plant components to create biodegradable
plastics.” Bio-polymer research also is evaluating the applicability of using plant materials for
medical purposes, such as wound dressings, orthopedic components, and drug delivery systems.
Bio-pharmaceutical research is studying the use of plant enzymes, amino acids, and other plant
tissues/components to produce drugs, antibodies, vaccines, and related pharmaceutical products
for human use.® Technologies have recently been developed that use cellulose-based plant fibers
to create a host of products that can be substitutes for synthetic components in plastic and textile
goods. A current application of this process is the substitution of wheat straw for components
traditionally found in fiber glass and automotive plastic components.® Another example is the
use of corn husks to produce textile products to create natural substitutes for traditional
petrochemical-based fabrics, yarns, and industrial packaging materials.*® Current focus on bio-
fuel from agricultural commodities has involved the use of soybeans to produce synthetic diesel
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fuel (i.e., soy diesel). The above examples are just a few of the developments currently being
researched and evaluated for commercial implementation. What other developments await the
agricultural processing industries 50 years from now?

Changes in Federal legislation are difficult if not impossible to predict. Yet, future farm
and trade legislation can have widespread effects on agricultural processing activities in the
United States. An example of important Federal legislation that had direct implications for
current agricultural processing activities in the Red River Valley was the creation and retention
of domestic sugar subsidies and import quotas over the last half century. Federal legislation in
1934 established quotas for foreign and domestic sugar, which assisted the domestic sugarbeet
industry by creating some protection from foreign sugar imports.™* In 1974, Federal legislation
removed protection for the sugarbeet industry from foreign competition. However, Federal
legislation was re-enacted to provide protection to domestic sugar producers in 1977. Federal
policy has played an important role in the growth and success of the sugarbeet industry in the
Red River Valley. Recent legislation pertaining to bilateral and unilateral trade agreements has
widespread implications for many agricultural sectors, including domestic sugar industries. The
increasing trend in agricultural trade has been that domestic suppliers/processors are forced to
compete in a global market, which is likely to provide opportunities for some agricultural
processing activities, yet simultaneously be damaging to other agricultural interests.'? Past
Federal legislation also played an important role in the development of the U.S. ethanol
industry.*** It is nearly impossible to predict how Federal legislation in the next 50 years will
affect existing and future agricultural processing activities.

Just as unpredictable as Federal policy, state and local policies also are likely to change
in the future. It would be difficult to imagine that research into economic development issues
50-years ago would have predicted the local and state mechanisms currently used to promote
economic development in the state. Examples include rural development funds, local property
tax incentives, and state-level resources dedicated to economic development, created in part from
the Growing North Dakota initiative of the early 1990s.*> What will be the key state and/or
local policy mechanisms influencing agricultural processing activities in 20507

Since the purpose of this study is to project agricultural processing activities out to 2050,
most government and university forecasts of income, population, and other factors affecting the
demand for food are of limited applicability in this study.*® Forecasts of trade policy, farm
production, per capita incomes, and other factors affecting demand and supply of agricultural
products are rarely made beyond a 10-year period.'® Given the complexity of most forecasting
methods associated with those studies, it is impossible, given the limitations of this study, to
easily extend those forecasts out another 40 years. If all of the factors affecting the future
demand for processed food products could be worked into a forecasting model, the model would
only be useful out to the year for which explanatory data is available. Thus, if demand was to be
forecasted out 50 years, explanatory variables used in the forecast models also would need to be
projected over the same period. Current forecasts for most explanatory variables that could be
used for such an effort are only available for the next 10 years.
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Projection of the demand for future agricultural processing activities is not limited to
human food-based products. Ethanol is a current example. Further complexities arise from
trying to predict the demand for products that have yet to be commercialized or developed. For
example, the potential demand for bio-polymers will depend not only on the available
technologies and costs of producing those products, but the substitute prices for petrochemical-
based plastics. What will it cost to produce plastics from petroleum in year 2050? A current
example includes the economic forces that prevent bio-diesel from being commercially
competitive in current markets. Bio-diesel is a substitute for petroleum-based diesel, and in the
absence of Federal legislation, it must compete based entirely on existing market conditions. If
the price of petroleum changes, so to does the demand for alternative fuels. Thus, to accurately
predict future demand for bio-fuels, the price of traditional petroleum-based fuels would also
need to be forecasted, assuming Federal legislation does not influence market conditions. Given
the scope of this study, future predictions out to 2050 for all of the factors that might affect non-
food based products associated with agricultural processing is not possible.

If the forecasts for future agricultural processing activities were limited to the next
decade, a high degree of confidence could be placed on those estimates. However, in a 50-year
time horizon, the chance increases that unforeseen factors could influence the level of
agricultural processing. Factors such as political conflicts, unusual weather patterns,
acceptance/rejection of biologically and/or genetically modified crops, and other domestic and
world developments have the potential to influence the agricultural industry in the future. For
example, the oil shortages in the 1970s played an important role in the establishment of the
ethanol industry.** What international developments will influence agricultural processing
activities 50 years into the future? What domestic issues will shape the business climate in the
region in the next 50 years? These potential “influences” to agricultural processing can not be
forecasted or predicted.

All of the above concepts and issues are likely to affect future levels of agricultural
processing activity in the region. The challenge is to use a process/method of predicting
agricultural processing activity that provides a reasonable range of activity levels, while still
accounting for many of the unknown future developments. The process/method cannot be
limited to the current business climate, nor can it be based on 10-year forecasts of the demand
for agricultural goods. To accomplish the goals of this study, a methodology needed to be
created to link the past developments in agricultural processing activities in the region in a
manner that allows future processing levels to be projected within a reasonable range. Past
studies on the siting and location decisions made by agricultural processing firms provided the
approach to the methodology challenge.

3.2 Siting Decisions of Food Manufacturing Firms
Location theory has been frequently used to analyze siting decisions made by food
processing firms regarding the establishment of manufacturing plants.” Location theory is based

on the premise that processing firms select plant locations that optimize profit. As a result of this
framework, much of the decision to locate a plant is based on the expected cost structure at a
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given location. Several studies have broken the location theory of plant siting into two phases.*
Phase I involves identifying the basic region or broad geographic area for the start of a new
plant, and includes broad company goals such as procurement of raw materials, product markets,
and market share. Phase Il involves selecting a specific site within the desired region that
provides for cost minimization. Although other factors can influence phase Il decision making,
existing literature suggests that five local attributes play key roles in the process. The attributes
generally most important in phase Il decision making include market, labor, infrastructure,
agglomeration, and fiscal policy categories.” Firms generally compare those attributes to arrive
at a site that provides the lowest overall cost. However, non-economic factors, such as overall
attitude towards business, quality of life factors, and community attributes also play roles in
siting decisions.?

Within the general confines of phase 11 siting decisions associated with location theory,
numerous studies have examined the economic characteristics and factors affecting
siting/location decisions of food manufacturing plants.’®?*# A synopsis of past literature
indicates that food manufacturers are frequently placed into three categories—supply-oriented,
demand-oriented, and footloose (Table 3-1). Supply-oriented firms have a business structure
where agricultural inputs account for a substantial share of overall production costs. Supply-
oriented firms tend to locate close to an adequate supply of raw agricultural inputs to reduce
procurement costs. Demand-oriented firms generally have high distribution costs relative to
other production expenses. These firms tend locate close to end markets to minimize
distribution expenses. Footloose firms do not have high acquisition or distribution costs relative
to their overall cost structure. Footloose firms often locate in areas that minimize both input and
distribution costs.

Existing literature suggests that each of the Phase 11 attributes can affect location
decisions for large-scale food manufacturers. However, the local attributes influencing the
location of large-scale food manufacturers vary by the type of food manufacturer. Consistent
among various studies was that supply-oriented plants located near abundant and cheap sources
of raw inputs whereas demand-oriented plants located near adequate product markets. Also,
footloose plants choose to locate in areas that provide both adequate supply and demand
markets. The sensitivity to those markets (i.e., input versus product) for supply- and demand-
oriented firms affected the importance of other local attributes in siting decisions.

Empirical evidence shows that large-scale supply-oriented food manufacturers were most
closely linked to areas with abundant input markets. Supply-oriented firms were also strongly
linked to areas that provide localization and urbanization benefits associated with agglomeration
factors. Transportation systems and local fiscal resources and services were also statistically
important factors in siting decisions for supply-oriented firms. Siting decisions of supply-
oriented firms were influenced by local labor markets. Low wage rates were more important to
supply-oriented firms than quality or size of labor availability.
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Table 3-1. Characteristics of Food Manufacturing Activities

Firm Type Characteristic

Supply-oriented * High agricultural input costs relative to other expenses
* Sensitive to input markets
* Locate near abundant sources of raw agricultural inputs

Demand-oriented * High distribution costs relative to other expenses
» Sensitive to demand/product markets
» Locate near population centers/end markets

Footloose * Neither dominant procurement or distribution cost structure
* Tend to produce multiple product lines
* Locate to balance both procurement and distribution costs

Examples of Specific Manufacturing Activities

Supply-oriented * Soybean Oil * Flour Milling * Beet Sugar
» Wet Corn Milling * Malt » Meat Processing
Demand-oriented * Snack food * Soft drinks * Beer
* Fluid Milk  Cooking Oils
Footloose * Cereals * Frozen Specialities ¢ Nuts and Seeds
» Dough/bakery » Cookies/crackers » Canned Foods

Source: Adapted from Connor and Schiek (1997).

Siting decisions for demand-oriented firms were consistently associated with
metropolitan areas with higher per capita incomes. Agglomeration factors for demand-oriented
firms were not as important to siting decisions as with other firm types. Transportation systems
were an important attribute associated with demand-oriented firms. Labor markets generally had
only small influences on location decisions for demand-oriented firms.

Footloose firms had similar relationships with both supply- and demand-oriented firms
with regards to local attributes. Generally, those firms were most closely associated with areas
that provided adequate access to both input and product markets. Local fiscal policies were
found to be an important determinant in siting decisions for footloose firms.

Existing literature addressing the local factors influencing siting decisions for plant
investments by supply-oriented, demand-oriented, and footloose firms is consistent with past
developments in food manufacturing activities in the Red River Valley. Nearly all of the
agricultural processing activities to date in the region closely match the characteristics of supply-
oriented firms. Malting, corn wet-milling, flour milling, sugarbeet processing, and frozen
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vegetable processing (i.e., potatoes) currently are the key agricultural processing activities in the
region. Those activities all closely match the characteristics of supply-oriented firms (See Table
3-1). In addition, the local factors important to supply-oriented firms (i.e., abundant input
markets, transportation infrastructure, labor market characteristics, and local fiscal policies)
match closely with the attributes of the region. It would appear that existing literature and past
developments in food manufacturing activities in the Red River Valley are consistent.

3.3 Business Climate/Attributes in North Dakota

From an agricultural processing perspective, the Red River Valley of North Dakota and
Minnesota appears to be an attractive region for food manufacturing. The region can be
characterized as having abundant supplies of raw commaodities, attractive local fiscal policies,
well-developed transportation infrastructure, and relatively low-cost labor.? In addition, as more
food processors are added to the region, and as the region’s major trade centers grow in
economic diversity and size, benefits associated with agglomeration factors are likely to
increase. Further evidence of an attractive business climate for food processors came from a
recent evaluation of the food processing industry in Minnesota, Montana, North Dakota, South
Dakota, and Wisconsin by the Federal Reserve Bank of Minneapolis.?®

The Federal Reserve Bank of Minneapolis in March, 2004 indicated that the food
processing industry in the region is bucking national trends found in other regions of the U.S.
The pattern of development by the region’s food manufacturing industry shows steady expansion
during a time when national output in food manufacturing industries decreased 12 percent in real
terms (i.e., effect of inflation removed). The Federal Reserve Bank of Minneapolis cited several
reasons for this trend. The primary reasons stated include supply, labor, and local cost factors
which keep operating costs low. Structural issues in the food processing industry also were
discussed. Basically, competition in the food processing industries has resulted in fewer and
larger plants. As a result, food processors specifically, and other agricultural supply and service
firms in general, have been influenced by market conditions which favor low production
costs.2?* Larger plants generally produce food at a lower per unit cost. Thus, industry start-ups
and expansion have occurred in areas where firms can operate most efficiently.

The Federal Reserve Bank of Minneapolis indicated that the region still maintains a cost-
attractive environment for food processors by offering them low transportation, labor, and land
costs. Also cited were the supply and quality of local labor markets, attractive state and local tax
structures, and un-inhibiting environmental regulations. All of the above factors combine to
improve the cost structure for large processing firms.

In addition to national trends placing greater emphasis on minimizing production costs
for large food conglomerates, another trend in food manufacturing has emerged in the recent
decade. Smaller-scaled food processors are moving into niche markets left open by large food
conglomerates. An effort to exploit these niche markets can be found with value-added
enterprises and new-generation cooperatives.?® Basically, new generation cooperatives are
businesses that producers create by pooling capital to operate and process their own raw
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commodities. Examples of these operations in the region include North American Bison
Cooperative, Dakota Growers Pasta, Drayton Grain Processors, North Dakota Sheep Producers
Cooperative, Northern Valley Growers Cooperative, Prairie Organic Marketing Cooperative,
Rhubarb Country Cooperative, Walton Bean Growers Cooperative, and Golden Growers
Cooperative (Pro-Gold corn plant). The 2002 Farm Bill created four U.S. Department of
Agriculture (USDA) programs designed to help processors develop new value-added products,
establish processing facilities, and help with marketing and distribution of those products. Total
annual funding for the four programs is $40 million nationally. As of October, 2002, North
Dakota businesses had received about $1.8 million in Federal funds as part of the USDA Value-
added Agricultural Product Market Development Grants.?

In addition to Federal grants through USDA’s Value-added Programs, the State of North
Dakota has contributed directly to numerous food processing facilities. The ND Department of
Commerce, Economic Development and Finance Division reported that from 1994 through 2000
over $700 million had been invested in new and/or expanded agricultural processing facilities.?
Agricultural processing has been a cornerstone of state economic development efforts for 25
years. In 1979, the state established an Agricultural Products Utilization Commission (APUC)
to promote value-added agricultural processing.?’” APUC has played a key role in
predevelopment financing for a number of agricultural processing initiatives, and APUC grants
have funded numerous feasibility studies. Efforts to expand North Dakota’s agricultural
processing sector received a boost in 1991, when the state legislature enacted a comprehensive
economic development program called Growing North Dakota. Growing North Dakota
provided for subsidized interest rates for loans to primary sector ventures, such as agricultural
processing facilities, as well as additional funding for APUC.?’

State initiatives to stimulate state and local economies also have included measures that
encourage communities to help themselves through mobilizing local resources.?® In 1985, the
North Dakota Legislature enacted legislation that enabled counties to levy up to 4 mills for
funding of a county-wide Job Development Authority. In 1987, legislation was enacted to
enable the state’s home rule cities to levy local option sales taxes, up to a maximum of 1 percent,
for the purposes of economic development, infrastructure improvements, property tax relief, and
other community uses.” Other legislation enacted during the 1980s provided for the possibility
of state and/or local tax incentives/abatements for new or expanding firms. Over the past
decade, state and local resources have been used to assist a number of new agricultural
processing projects.”

Tax burden, defined as the degree to which assets and income are taxed, has been
empirically linked to siting preferences by manufacturing industries.”® Essentially, local sites
that have the lowest overall tax structure, ceteris paribus, are the most attractive. The tax
climate in North Dakota has been compared to neighboring states for food processing facilities.
A study conducted by a North Dakota business and consulting firm in 2002 evaluated the tax
consequences for a hypothetical food processing plant.** Bismarck, ND was the location used in
North Dakota, and compared to sites in South Dakota, Minnesota, Montana, Wisconsin, lowa,
Illinois, Nebraska, Colorado, California, and Virginia. The firm’s total tax burden over the first
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10 years of operation was estimated in each of the states. Taxes considered in the study were
property, worker’s compensation, state and local sales and use, unemployment, and corporate
income. North Dakota was found to have the lowest overall tax burden of the states included in
the study.

Although tax burden can be an important factor in choosing business locations, other
factors also contribute to overall costs. Although some research has attempted to evaluate
holistic measures of the cost of doing business in various states, the process is not
straightforward. While not specifically structured to measure costs pertaining to food
manufacturing, Business Facilities Magazine found in 2003 that North Dakota ranked favorably
in their cost-of-business index.** Items considered in the study included labor wage rates, taxes
(state and local), and energy costs. Nationally, North Dakota ranked sixth behind South Dakota,
Montana, Wyoming, Arkansas, and Mississippi. In the Plains states, North Dakota ranked
second only to South Dakota. The study concluded that the least populous, most economically
isolated states generally were those with the most advantageous business climates.

In 1998, Business Facilities Magazine published an article identifying the top states for
food processing activities in the U.S.*? Although North Dakota was not listed among the top
states, the methods and data used to rank the states favored states with large, existing food
processing industries. Also, those states that ranked high in the study were closely associated
with high population and proximity of existing food processors to end markets. Much of the
weight used to rank the states came from gross employment and the numerical change in the
number of food processing establishments from 1990 to 1997. The study did not account for the
relative change (e.g., percentage change) in the number of food processing operations. As a
result, states like North Dakota and South Dakota ranked low. However, if state rankings were
based on more relative measures of the change in food processing activities over the period,
North Dakota and other plains states would likely have been ranked higher. In addition, since
rural states like North Dakota do not have the large metropolitan centers found in the states listed
in the report, the state is not likely to be a logical choice for food processors that locate near
large population centers.

3.4 Future Demand for Agricultural Processing Industries

Output from agricultural processing activities generally include human food, livestock
feed, and industrial products. Thus, the demand for agricultural processing must include both
human food and non-food markets.

While the demand for food and food products is largely a function of population and
income, numerous additional factors are shaping food consumption patterns and will continue to
influence the demand for food-related goods in the future.*® A gross estimator of food demand
can be developed from population and income forecasts. Population for the U.S. is forecasted to
increase by nearly 49 percent from 2000 to 2050.* Also, world population has been forecasted
to increase by over 49 percent from 2000 to 2050.* Unfortunately, per capita income for
developed countries and the rest of the world has only been forecasted out to 2013.* Real per
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capita incomes during that period were estimated to increase by 30 percent and 29 percent for
developed countries and the rest of the world, respectively. Providing per capita incomes around
the world increase over the next half century and assuming population forecasts are accurate,
overall growth in world-wide food consumption will increase by over 50 percent by 2050.

In a simplistic assessment, the demand for food in the U.S. is likely to increase by nearly
50 percent by 2050, paralleling forecasts of population change. However, not all food consumed
in the U.S. is produced domestically. Conversely, domestic food processors also will play a role
in meeting future demands for food in other countries.®” The net effect of international trade on
overall demand (i.e., domestic and international) for domestic food processors is extremely
difficult to predict. Some of the increased domestic demand for food may be met by
international food suppliers, and some of the increase in world food demand is likely to be met
by U.S. food processors.®” Even if future domestic and international demand for domestic food
processors could be estimated, it would be difficult to predict from what regions of the country
those increases would come from.

Clear trends in exports of U.S. food show an increasing share of overall exports come
from processed food products.’>® The level of processing is usually broken into bulk,
intermediate, and consumer-oriented products.** Growth in intermediate products (e.g., soybean
oil, flour, livestock feed) has exceeded the rate of growth in overall agricultural exports, while
the growth in consumer-oriented food products has outpaced the growth in intermediate
products.* The implication is that as future trade in food increases, an increasing share will
come from products that have undergone various degrees of processing.

While the volume of world food consumption is likely to exceed 50 percent in the next
40-50 years, additional factors will affect the demand for food in the future. A report in 2001 by
the U.S. Department of Agriculture-Economic Research Service provided a comprehensive
analysis on global food consumption patterns, trends in food expenditures, consumer
preferences, international trade, and other factors affecting food consumption.* The primary
factors influencing the growth in world food trade and consumption include income,
urbanization, demographic shifts, improved transportation, shifting consumer tastes and
preferences, and macroeconomic forces. The most notable trends in world food trade and
consumption for developing countries include an increased demand for meat products, which in
turn leads to increased demand for livestock feed. In developed countries, increased demand for
high-value and processed food products have come from diet diversification and increased
consumer desire for labor saving food (i.e, reduced preparation requirements) and better food
quality.

Essentially, U.S. and world demand for processed food products will increase in the
future. U.S. food processors will benefit from increased international demand for intermediate
and consumer-oriented food products produced in the U.S. However, international trade, trade
policy, macroeconomic forces, and direct-foreign investment in developing countries also will
play roles in meeting future global food demand. The fundamental question is not whether
demand will increase, but to what degree will U.S. food processors capture future growth in both
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domestic and international food markets. Although no clear prediction, given the scope of this
study, can be made for specific changes in future demand (i.e., next 50 years) for food
manufacturers in the Red River Valley, an increasing future domestic and international demand
for processed food products is a positive trend for regional processors.

Estimating the demand for non-food products from agricultural processing presents
another set of challenges. One of the challenges is trying to predict a demand for a product that
has not yet been commercialized, and/or invented. Numerous examples of new technologies and
products stemming from agricultural processing were presented and discussed in earlier sections.
In each of those examples (e.g., pharmaceuticals, plastics), the products are likely to represent
substitutes for existing products. As such, the demand for those “new” products is going to be
partially determined by the demand for existing products. It is well beyond the scope of this
study to precisely predict a 50-year demand for pharmaceuticals, plastics, and other
consumer/manufacturing inputs that represent substitutes for new plant-based products.

Estimates of the short-term demand for some non-food based agricultural products have
been projected. The U.S. Department of Energy has forecasted the demand for ethanol will
increase from nearly 2 billion gallons in 2000 to about 3.0 to 3.5 billion gallons per year by
2010." Much of the forecasted increase in near-term demand for ethanol is due to national
interests in reducing dependence on foreign energy through domestically-produced renewable
sources.™® Additional forces that contribute to the increased use of ethanol have stemmed from
technological factors. A dry-mill ethanol plant is currently 25 to 30 percent cheaper to construct
than was the situation 20 years ago. Further, the per unit cost of production is now 50 percent
less than costs incurred 20 years ago.”* These developments have allowed ethanol to compete in
the market place with petroleum over a wider price range. Over the past five years, nearly all
new ethanol plants built in the U.S. have been constructed by new generation cooperatives. The
2003 North Dakota Legislature passed initiatives to fund $3 million per year for ethanol plant
production incentives.*

The Minnesota Department of Agriculture in 2002 estimated the economic impact of soy-
diesel in the state.*” The study estimated that by adding a 2 percent blend of soy-diesel to the
estimated 631 million gallons of annual on-highway diesel fuel use, an additional 8.5 million
bushels of soybeans would need to be processed. If a5 percent blend was used in the state,
based on the level of diesel fuel consumption in 2000, 21 million bushels of soybean processing
would be required. No estimates were provided for the change in soybean processing required if
soy-diesel blends were used with off-highway diesel (e.g., construction, farm equipment). Based
on estimates compiled by the N.D. Department of Agriculture and the North Dakota Soybean
Council, about 3 percent of North Dakota’s soybean crop could be processed into soy-diesel to
meet a 2 percent bio-diesel requirement in the state.*

While implementation of bio-diesel has not yet become widespread, several Federal
initiatives have been discussed, as well as numerous state initiatives. Examples of Federal
legislation pertaining to the development and promotion of bio-diesel include provisions in the
energy bill discussed in Congress during 2003, provisions in the 2003 transportation bill, and
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provisions of the Renewable Fuel Standard proposed in the energy bill.** Although many
Federal measures have yet to become law, if similar legislation is passed in the future, those
provisions would have substantial impacts on the current demand for renewable fuels. For
example, the Renewable Fuels Standard, if adopted, would likely expand current ethanol use
from 2 billion gallons to 5 billion gallons over the next decade.* The provisions in the
Renewable Fuel Standard would increase national demand for ethanol over the next decade by
1.5 billion gallons annually above current forecasts of future ethanol use developed by the U.S.
Department of Energy.*#

Currently, 31 out of 50 states have bio-diesel initiatives. Those initiatives range from a
mandatory 2 percent blend of soy-diesel (Minnesota), to purchase requirements for public fleets
(lowa), to tax credits for bio-diesel producers (Illinois). Although the real effects of those
initiatives vary by state, the implication is that state-level policy is likely to play a role in the
development of bio-diesel production in the U.S.

The potential national market for bio-diesel was recently estimated at 1 billion gallons
annually.** The projected U.S. market for bio-diesel was based a 2 percent bio-diesel blend in 55
billion gallons of annual diesel fuel consumption. The 1 billion gallons of bio-diesel would
consume 715 million bushels of soybeans. The current annual growth rate for diesel fuel in the
U.S. is 5 percent.* Thus, in 10 years, the demand for bio-diesel (using a 2 percent blend) in the
U.S. could be as large as 1.8 billion gallons, which would equate to about 1.2 billion bushels of
soybeans.

A recent analysis of the feasibility of bio-diesel production from soybeans in North
Dakota indicated that current market conditions (i.e., 2002) were not favorable for bio-diesel
production in the state.* The cost per gallon of bio-diesel from soybeans was about twice as
expensive as wholesale diesel fuel. If market conditions allow for commercialization of bio-
diesel production from soybeans, or if legislation mandates the use of bio-diesel blends,
southeastern North Dakota has been identified as a likely location for a bio-diesel facility.*#4¢

The near-term demand for bio-fuels is forecasted to increase in the U.S. The degree of
future increases in bio-fuels appears sensitive to Federal and state policies, as well as the price of
petroleum fuels. What policies will be adopted and when those policies will be implemented is
still unknown. However, regardless of policy and market place uncertainties, the potential
domestic market for bio-fuels appears promising.
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3.5 Study Methods

The following sections describe the methods and modeling approach used to estimate
future levels of water use in the study regions. The methods used to project future levels of
agricultural processing differed from those used to project non-agricultural manufacturing, and
are presented in separate sections.

In order to guide efforts in providing a range of potential water use in 2050, three
scenarios were developed. Basically, the scenarios provided an optimistic and pessimistic
framework for developing future water use projections, as well as allowing for a continuation of
current growth rates. The general premise for each scenario was applied to both agricultural
processing and non-agricultural manufacturing projections. The general premise for each
scenario included:

Low: The premise for this scenario is that the general rate of growth in
economic development in the study regions is less over the study period
than current growth rates. As a result of lower growth rates, less
economic development occurs in this scenario than in the other scenarios.
This scenario represents the lower bounds of the forecasts developed in
the study. Just to clarify, economic growth still occurs in this scenario,
albeit at rates less than experienced in past decades.

Intermediate:  The premise for this scenario is that the general rate of growth in
economic development over the study period mirrors the rate of growth in
past decades. Growth in agricultural processing and non-agricultural
manufacturing activities is sustained at current rates over the period. This
scenario represents a status-quo with respect to the rate of growth in the
study regions.

High: The premise for this scenario is that the general rate of growth in
economic development is greater over the study period than current
growth rates. Changes in agricultural processing and non-agricultural
manufacturing activities will exceed the current rate of growth. This
scenario represents an upper bounds of the forecasts developed in the
study. More economic development is forecasted to occur in this scenario
than projected in the other scenarios.

3.5.1 Agricultural Processing

A host of factors will influence both the type of agricultural processing activities and the
amount of processing activity occurring in the study regions in the next 50 years. Many of the
most salient concerns associated with trying to project future levels of agricultural processing
activities were discussed in Section 3.1. As discussed in earlier sections, creating a forecasting
model, using explanatory variables that account for all the necessary components associated with
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future developments in agricultural processing industries, to project future levels of agricultural
processing activities is beyond the resources dedicated to this study. Yet, a methodology is still
required to provide for estimates of agricultural processing activities under the premises of the
low, intermediate, and high economic development scenarios.

Considering that a precise prediction how the future will unfold with respect to all the
factors influencing agricultural processing activities over a 50-year planning horizon is
impossible, an approach was developed that based future agricultural processing capacities on
supply-related factors. A supply-side methodology was adopted based on the following
considerations 1) strong historical evidence of growth in supply-related agricultural processing
activities in the region, 2) the perception of a favorable future business climate in the region, 3)
the region does not appear to have any physical or logistical constraints curtailing growth in
agricultural processing activities, 4) projections of continued abundance of agricultural
commodities in the region, 5) existing scientific literature that suggests factors influencing the
location of supply-related agricultural processing facilities is tied closely to the cost-related
attributes of a region, and 6) the inherent difficulties in developing demand forecasts over a 50-
year period (for more discussion on demand see Section 3.4).

A supply-side methodology was based on comparing historical processing capacities to
historical crop production in the study regions. As was presented in Section 2.0, both crop
production and processing capacities have been increasing in the study regions over the past 50
years. The trend in the ratio of processing capacities to crop production showed a statistically
significant trend from 1953 to 2002 (see Figure 2-14). Basically, over that 50-year period, the
ratio of processing capacity to crop production increased, or stated alternatively, the increase in
processing capacity was greater than the increase in crop production. However, a primary reason
for the statistically significant trend was that agricultural processing capacities at the start of the
period (i.e., 1953) were extremely low.

To further refine the relationship between processing capacities and crop volumes, forage
production was excluded from the tonnage of crop production. Forage was excluded from the
relationship since hay and silage, the primary forage crops raised in the study regions, were
assumed to be consumed by livestock production. Also, the straw board plant was excluded
from regional processing capacities. Straw board processing was excluded since the primary raw
commodity is crop residue. When the trend in the ratio of processing capacity to crop
production is analyzed over the past 25 years (i.e., with forage production and straw processing
removed), the trend in the relationship is not statistically significant (Figure 3.1). Essentially,
over the past 25 years the growth in processing activities in the study regions has paralleled the
increase in crop production, with variations in the ratio primarily due to the timing of annual
fluctuations in crop volumes and additions to processing capacities. Since the trend in the ratio
of processing capacities to crop production was not statistically significant over the past 25-
years, an average of the ratio of processing capacity to crop production from 2000 to 2002 was
used in the study. (See Appendix Table A-1 for average crop volumes from 2000 through 2002).
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Figure 3-1. Ratio of Processing Capacity to Crop Production (excluding forage and straw
processing), All Study Regions, 1953 through 2002, and 1978 through 2002

The average ratio of processing capacity to crop production from 2000 to 2002 was
estimated at 62.2 percent (Table 3-2). However, the ratio is simply a numeric measure between
regional processing capacities and crop production. The ratio does not necessarily imply that
precisely 62.2 percent of the volume of crops grown in the region were processed in the region.
As stated previously, some local processors acquire commaodities from outside the study region
to meet their processing needs, just as processors from outside of the study area acquire crops
produced in the Red River Valley and surrounding regions.

Future crop production was based on using a 25-year crop history (i.e., 1978 through
2002) to project future acreage of major crops and project future yields in each of the study
regions.*” Planted acreage for each major crop in the region was projected out to 2050, based
primarily on trends in planted acreage over the 1978 to 2002 period. Future yields per planted
acre were based on regressing past yields over a 25-year period, and then using the regression
equations to project likely future yields. Some adjustments in small grain yields were performed
to correct for recent problems with fusarium head blight. Also, in some minor crops (e.g., oats),
yield trends were negative over the 1978 to 2002 period. In those situations, an average yield
over the period was used. Future acreage and yields were then combined to arrive at estimates of
expected crop production volumes in year 2050 (see Appendix Tables A-2 through A-4 for more
detail on future crop acreage and yields).
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Table 3-2. Ratio of Estimated Processing Capacity to Estimated Average Annual Crop
Production, All Study Regions, 2000 through 2002

Processing Average 2000-2002 Ratio of Capacity
Crop Capacity Crop Production to Production
-------------------- tons ----------------- ----- % -----
Small Grains and Row Crops
Spring Wheat 540,000 5,288,011 10.2
Barley 713,357 979,994 72.8
Durum 630,000 198,950 316.7
Winter Wheat 0 50,915 0.0
Oats 0 75,552 0.0
Rye 0 2,811 0.0
Soybeans 0 3,121,413 0.0
Dry Edible Beans 0 388,923 0.0
Corn (grain) 1,223,600 3,272,153 37.4
Nonoil Sunflower 153,637 117,066 131.2
Sub-total 3,260,594 13,498,788 24.2
High Value Speciality Crops
Sugarbeets 10,725,000 10,264,163 104.5
Potatoes 912,021 1,110,503 82.1
Sub-total 11,637,021 11,374,666 102.3
Oil Seeds
Sunflower, Canola, Flax 992,070 679,891 145.9
Totals 15,889,685 25,553,345 62.2
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The future level of crop production was adjusted slightly for each of the three scenarios.
The adjustments came from the treatment of land currently enrolled in the Conservation Reserve
Program (CRP). In the low scenario, the assumption was that some Federal program, similar to
existing legislation, would result in keeping the same volume of acreage currently enrolled in the
CRP out of production in the future. In the high scenario, the assumption was that there would
be no Federal farm legislation idling crop land in a similar capacity to the current CRP. The
amount of land currently enrolled in the CRP that would return to crop production varied from
71 percent to 79 percent for the ND surrounding region and the Red River Valley, respectively.*®
Acreage returning to crop production was allocated to spring wheat, corn, soybeans, dry edible
beans, confection sunflower, and oil seeds in each study region. Allocation of CRP acreage was
prorated based on anticipated levels of planted acreage for those crops listed above. In the
intermediate scenario, future crop production represented an average of crop production in the
low and high scenarios. The premise for the intermediate scenario was that some Federal farm
program would keep crop land idle, albeit not at the same level currently associated with the
CRP. Yields on land enrolled in the CRP returning to crop production were adjusted to reflect
lower productivity of land in the program (see Section 3.6.1 for more details).

Available crop land was further adjusted in each scenario to reflect residential, municipal,
and commercial (excluding agricultural processing and non-agricultural manufacturing)
development in the study regions. By 2050, an additional 40,000 acres of crop land was
estimated to be used by residential, municipal, and commercial development in the NDRRV.
Similar development in the MNRRYV was estimated to remove about 14,000 acres of crop land
from agricultural production. In the NDADJ region, about 5,000 acres of crop land were
estimated to be developed for residential, municipal, and commercial purposes. Estimates of
land use for development were obtained from city planners.*® (See Appendix Tables A-5
through A-7 for a listing of acreage adjustments in each scenario).

The relationship between processing capacity and crop production was applied to
estimated future crop production to arrive at potential agricultural processing levels for each of
the three future scenarios. For the intermediate scenario, the overall ratio (62.2 percent) was
used to estimate future agricultural processing volumes. The ratios in the low and high scenarios
were adjusted based on the economic development premises for each scenario. In the low
scenario, an overall processing rate of 54.7 percent was used. The ratio used in the low scenario
was 7.5 percent less than the ratio used in the intermediate scenario. In the high scenario, an
overall processing rate of 69.7 percent was used. The ratio used in the high estimate was 7.5
percent greater than the ratio used in the intermediate scenario. The combination of different
processing ratios and alternative crop volumes in each of the three scenarios provided a
reasonable range of future agricultural processing capacities.

One of the benefits of this approach is that it allows for a range in the amount of
commodity processed without having to specify the product or processing method used, thereby
covering the possibility that new technologies or products will be developed in the future. For
example, in 1953 (50 years ago), would researchers have foreseen the development of some of
the current forms of agricultural processing in the region (e.g., ethanol and fructose from corn)?
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Over a 50-year period, it would be extremely difficult to identify both the type of processing and
products produced in the future, as well as predict the size of that processing activity.

Current water use per rate of raw commodity processed was then applied to the volume
of crop processed in each of the scenarios. In some cases, existing water use rates were used as a
proxy for future water use rates for unknown processing activities. For example, the
methodology suggests a level of soybean processing in the future; however, the only current
water use applicable to future soybean processing was based on oil seed crushing and refining.
Yet, future processing of soybeans may include bio-fuel production, a process for which water
use rates were not estimated. In a similar case, future corn processing may involve processes
that have water use rates similar to those found with wet-milling technologies, or they may more
closely approximate existing water use rates for dry-milling technologies associated with ethanol
production. For corn processing, the future water use rate was derived from a weighted average
of corn currently processed from wet-milling and dry-milling technologies.

The framework or methodology is not without limitations, and a number of assumptions
were made to produce estimated future levels of water use by agricultural processing activities.
Discussion of those assumptions and limitations in contained in Section 3.6.1. Trying to
forecast future developments in agricultural processing presents unique challenges for this study.
While the methodology used to forecast future levels of agricultural processing is not statistically
rigorous, an over reliance on statistical precision would make accounting for some future
developments difficult. For example, changes in international trade and domestic policy are
difficult to forecast. Would planners 50-years ago or even 20 years ago have foreseen the
unilateral and bilateral trade agreements currently being negotiated? Would statistical tools 50
years ago been able to predict the oil crisis of the 1970s, and the subsequent effects it had on
domestic energy policies, and eventually the implications for an ethanol industry? Would
forecasting methods predict the development and implementation of current state and local
policy tools and resources used to promote food processing in the state? The same can be asked
if planners would have foreseen the development of new generation cooperatives—a business
structure not available a few decades ago. Can future developments of new products and
technology (e.g., bio-plastics, bio-pharmaceuticals) be accurately predicted solely with statistical
approaches?

The approach taken in this study provides three estimates of agricultural processing
activities in the future. Those estimates account for decreased, similar, and greater rates of
growth in the study regions compared to recent growth rates. Physical relationships, based on
historical data, provided the foundation for assessing potential future volumes of agricultural
processing activities. A crop by crop, or product by product approach to forecasting future
agricultural processing activity was not used due to complexities associated with uncertainty in
policy and technology changes and an absence of explanatory data necessary for forecasting
supply and demand over the entire study period.
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3.5.2 Non-agricultural Manufacturing

The assessment included reviewing issues relating to growth and development in
applicable non-agricultural manufacturing industries, and how those activities could influence
industrial water needs. Also included was a comparison of the largest cities in the study region
(i.e., Fargo, Grand Forks) to the growth, and subsequent water use, found with other cities in the
United States. The purpose of the city comparisons was not to adjust projected estimates of non-
agricultural manufacturing water use in the study regions, but rather to demonstrate how
different types of economic development affect water demand.

Studies attempting to project future water use often place emphasis on surveying
personnel at appropriate facilities to obtain their perceptions of future growth. This study did not
explicitly conduct a formal survey due to time and resource constraints, although some current
water demand information was obtained from the Red River Valley Water Supply and the
Municipal, Rural, and Industrial Surveys sent out in 2002. This study obtained current water use
information from a combination of direct contacts with facility and industry representatives and
secondary sources.

Non-agricultural manufacturing (NAM) activity differs substantially from agricultural
related activity. Generally, individual NAM facilities do not require the quantity of water that
individual agricultural processing facilities require. However, the number of individual facilities
is generally much greater than agricultural facilities. As a result, future water demand
projections for the NAM activity were developed differently than for agricultural processing
water demand.

In order to develop projected NAM activity, two primary sources of information were
used; the ND Department of Commerce (DoC) website (business start-ups, expansions, and
relocations section)®, and the October 2003 Manufacturer’s News, Incorporated (MNI) North
Dakota Manufacturer’s Database.®* The MNI ND database provides information for current
manufacturers in ND. The ND DoC website provides information about ND business start-ups
and expansions for 1994-2003, and indicates that 38 percent of the growth (measured by
minimum number of employees added) for the entire state occurred in Cass (31 percent,
primarily in Fargo) and Grand Forks counties (7 percent, primarily in Grand Forks). The
Wahpeton area, the next biggest major growth center in the study area, accounted for 3 percent
of the ND growth during that time. Therefore, a substantial amount of the growth for the state
during that period was in the study area, primarily in Cass and Grand Forks counties.

Information collected from various community representatives was organized and
combined with the information from the sources listed above in order to develop NAM water
demand projections. An allocation of the increase in NAM water demand was also developed
based on historical industrial activity. Due to the concentration of historical growth in the Cass
County and Grand Forks County areas, these two areas were separated from the study area in
order to develop NAM water projections. The Richland County area, including Wahpeton, was
also separated due to the quantity of existing industrial activity in that area. The remaining
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counties in the North Dakota Red River Valley were grouped in one category (see Section 4.7).
The allocation percentages used for county specific demand projections are:

® Cass County 45 percent
® Grand Forks County 30 percent
e Richland County 15 percent
® Remaining Counties 10 percent

Current Non-Agricultural Manufacturing water demand in the North Dakota Red River
Valley was estimated at 8,257 acre-feet per year. The NAM projected future water demand
increase for the North Dakota Red River Valley varied from 3,078 acre-feet per year in the low
scenario to 12,284 acre-feet per year in the high scenario (see Section 4.7).

3.6 Study Assumptions and Limitations

A number of assumptions were used in the study methods. Some of these assumptions
are implied, given the scope and methods of this study, while others are explicitly stated, which
result from data and methodological problems.
3.6.1 Agricultural Processing

The following is a list of the assumptions used to estimate future water use for

agricultural processing activities. In each situation, a discussion was included how those
assumptions might affect the study results.

® The following assumptions were used to estimate future crop production:
» the period 1978 through 2002 was assumed to be sufficient to capture trends in acreage
and yields for purposes of projecting future acreage and yields of existing crops,
« future crop production in each study region was forecasted to only include existing
crops,
» future increases in yields of existing crops were assumed to continue at the same rate as
past trends in crop yields, even if those changes were not statistically significant. If past
yield trends were negative, future yields were fixed and based on average yields from
1978 through 2002,
* trends in planted acreage for existing crops were assumed to continue during the study
period,
« future residential, municipal, and commercial development in the study regions was
based on projected growth in Fargo and Grand Forks, with additional assumptions made
for all study regions,
» future enrollment in conservation programs which idle crop land (e.g., the Conservation
Reserve Program) was assumed to be similar in capacity to existing participation,
* in the absence of land-idling programs, or similar land retirement policies, future yields
on acreage currently enrolled in those programs were assumed to be slightly lower than
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yields on non-program lands. Acreage in existing programs that returns to crop
production was assumed to raise crops in the same ratio as existing production in the
region,

» changing water levels in Devils Lake were assumed to have no meaningful impact on
crop volumes or agricultural processing activities in the study regions.

The implication of the above assumptions is that future crop volumes in the study regions
were based on past trends in both acreage and yield. New technology in production agriculture
was expected to maintain a continued increase in yields over the next 50 years. Future changes
in Federal farm policy and market conditions over the next 50 years may accelerate, reduce, have
no effect, or reverse past trends in planted acreage for existing crops. Detractions from the
estimated future acreage of existing crops, regardless of the mechanisms affecting the changes,
would influence overall crop volumes. Future levels of agricultural processing are likely to be
most sensitive to factors affecting the growth of row crops in the region. Any factor(s)
substantially affecting the current trend of increasing row crops and decreasing small grains also
would affect the future level of agricultural processing activities in the region.

The methodology for predicting future crop volumes does not account for the possibility
of new or substitute crops entering into the study regions. Historical data suggest that some
crops currently raised in the study regions (e.g., oil and confection sunflower, canola) were not
raised in any substantial quantity 50 years ago. The study methods do not account for new crop
introductions into the regions. However, with some new crops introduced in the study regions,
their introduction primarily was a substitution for an existing crop (e.g., canola versus oil
sunflower). In the event that a new crop emerges in the future (i.e., at least in sufficient quantity
to influence agricultural processing activities), the change in crop volume estimated in the study
will be the marginal difference in production volume (yield and acreage) between the new crop
and the existing crop(s) displaced by the new crop. As a result, if new crops are added to the
study regions in the future, overall crop volumes will likely be lower or higher from estimates
generated in this study. The implications for future agricultural processing can not be
determined, since it is unknown what type of, if any, processing activities would be associated
with that crop, and the degree of substitution among existing crops. For example, if a new crop
primarily displaces wheat, the effects on future agricultural processing activities associated with
wheat would likely be minor. Conversely, if a new crop displaces a substantial amount of corn
production in the region, the effects on agricultural processing activities could be much more
important.

Available crop land was adjusted to account for predicted levels of development from
residential, municipal, and commercial activities in the study regions. Fargo and Grand Forks
were estimated to expand by about 725 acres per year. The rest of the NDRRV was assumed to
use about 20 percent of the rate used by Fargo and Grand Forks. The MNRRV was assumed to
consume land for residential, municipal, and commercial development equal to one-third of the
rate in the NDRRV. The NDADJ region was assumed to use crop land for the same purposes at
12 percent of the rate in the NDRRV. A total of 58,400 acres, in all three study regions, were
projected for further residential, municipal, and commercial development. A total of 16.8
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million acres of crop land are currently available in the three study regions. Future development
was estimated to use 0.3 percent of available crop land by 2050. Thus, considerable increases,
over the levels used in this report, could occur in the amount of crop land used for future
development and still not materially affect study results. Essentially, study results were not
sensitive to the amount of land used for future residential, municipal, and commercial
development.

Since agriculturally-based conservation programs currently are part of Federal farm
policy, and subject to periodic change, the study methodology tried to accommodate potential
changes in the effects of those programs on the availability of crop land. Essentially two effects
were modeled. Conservation programs idling crop land were kept in place at current enrollment
levels or those programs were discontinued. The study did not consider an increase in acreage
enrolled in land-idling programs since 1) most crop land in the Red River Valley is not generally
targeted (or suited) for program goals associated with past and existing land-idling programs and
2) enrollment in the CRP is near or at the current enrollment limits in many counties in the
NDADJ region.>® Past evidence could be used to both support the existence of a future land-
idling program or support the absence of a land-idling program.®>** For example, the Soil Bank
program, popular in the 1950s and 1960s and similar in many aspects to the current CRP, was
eventually discontinued. The Conservation Reserve Program (CRP) may in the future also be
discontinued. However, over a 50-year period, it could be argued that another Federal
conservation program could emerge that would be similar to the Soil Bank and/or the CRP.
Since the current CRP generally targets marginal crop land, future yields on lands currently
enrolled in the program that return to crop production were estimated to be less than future yields
on non-program lands.>* Currently, about 10, 16, and 14 percent of total crop land in the
NDRRYV, MNRRV, and NDADJ regions is enrolled in the CRP, respectively. Collectively, 13
percent of total crop land in the three regions is enrolled in the CRP.

e The following assumptions were used to estimate future water use from agricultural
processing activities:

e current per unit rates of water use for each type of agricultural processing activity were
used for estimating water consumption in the future. Water use rates per unit of raw
commodity were held static over the planning period,

* agricultural processing plants will operate at capacity, regardless of weather conditions,
crop quality, and/or crop availability in the surrounding region,

* no regulatory constraints to expanded agricultural processing,

* no social constraints to expanded agricultural processing,

* no logistical constraints to expanded agricultural processing,

* no physical constraints to expanded agricultural processing,

« overall business climate and cost structure for agricultural processing firms remain
favorable in the future,

43



« although regional processing capacities for some crops exceed projected crop
production levels in the future, existing processing capacity in those activities was
assumed to remain at present levels despite changes in the processing to production ratio,
« all three scenarios modeled are assumed to represent various levels of growth in the
region. A scenario for the future level of agricultural processing activities to be less than
current levels was not considered,

« the growth in agricultural processing in the three scenarios assumes that adequate
demand will exist in the future to warrant the projected increases.

Even though the assumptions used in the methodology are not likely to hold in all
situations over the next 50 years, the limitations imposed by those assumptions were viewed to
not substantially affect the magnitude of water use projections. In most cases, processing plants
operate close to stated capacity, regardless of crop availability or quality, due to highly
competitive market forces. In situations where weather-related factors or changes in crop
patterns affect either local crop quantity or quality, facilities will geographically extend and/or
expand their buying practices to meet processing requirements. For example, oil seed plants in
the NDRRV now acquire oil sunflower from throughout North Dakota due to reductions in oil
sunflower acreage within the Red River Valley. Also, despite regional shortages associated with
dry growing conditions, market forces drive processors to expand product acquisition beyond the
immediate region, allowing them to maintain their operations at capacity even during periods of
drought. In addition, for processors that cannot obtain commaodities outside of the region (e.g.,
sugarbeets) those firms generally expand contracted acreage to compensate for lower yields if
dry growing conditions are anticipated (e.g., at the start of the year following dry conditions),
thereby hedging against drought-based shortages. Even though some current processing
capacities are projected to exceed future crop volumes in the region (e.g., barley malting), the
region was expected to retain existing crop processing capacities in those situations. In essence,
the three scenarios were built around expansion of current capacities for some crops, and a
retention of existing capacity in other crops.

Data on historic water consumption per unit of commodity processed over time was not
available. Water use rates contained in the projections were based on current processing
technologies or technologies used in existing facilities. Advancements in processing
technologies and/or water conserving practices over the next 50 years may improve the per unit
use of water for some types of agricultural processing activities. However, any adjustment in
current water use rates would be subjective without historical data or engineering research to
suggest how past water use rates have either changed over time or how they would be anticipated
to change in the future. Data on how historical water use rates changed over time was not found.
Thus, current water use rates were applied to future levels of agricultural processing activities. If
water use rates per unit of commodity processed decrease in the future, then estimates of future
water consumption will be overestimated. Conversely, if water use rates per unit processed
increase in the future, perhaps due to new technologies, then estimates of future water
consumption will be underestimated. For example, corn wet-milling, a recent addition to the
Red River Valley, is one of the most water intensive (i.e., per unit of raw commodity processed)
processes in the region.
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Essentially, future levels of agricultural processing activities were estimated to increase
in the region without regulatory, social, logistical, or physical constraints. The lack of any
material effect on expansion of agricultural processing activities from these factors was
considered reasonable. While it is impossible to predict future regulatory measures, future
regulation preventing the expansion of agricultural processing in the region was considered
unlikely. Current efforts to attract agricultural processing activities are part of North Dakota’s
economic development strategy (see Section 3.3). Social constraints, such as ‘not in my
backyard” (NIMBY), were also perceived to not affect future agricultural processing activities.
While localized opposition to specific plant sites may occur, widespread opposition to the further
expansion of agricultural processing in the region was considered unlikely. Logistical
constraints associated with availability of highway, railroad, and air transportation were
considered unlikely.>* While branch line rail service has been discontinued in some regions,*
branch line abandonment is likely to have a greater effect on siting decisions for individual
plants than on deterring the growth of agricultural processing activities in the region.*® Physical
constraints, such availability of land and water resources, were also considered to not affect the
future development of agricultural processing in the region. (It is understood that future water
availability may become a limiting factor to growth in some industries in the Red River Valley;
however, for purposes of this study, those potential constraints were ignored in order to facilitate
the Needs and Options Report associated with the Red River Valley Water Supply Project).

An important assumption implied in the analysis is that the current overall business
environment—local and state tax incentives, labor market factors, and other general business-
related attributes of the region—does not deteriorate in the future. As discussed in Sections 3.2
and 3.3, the current business climate has played a key role in the historic expansion of
agricultural processing activities in the region, and formed the foundation for using the supply-
oriented approach to estimating future levels of agricultural processing activities. Basically, the
study assumes that businesses will choose to locate in the study regions due to the factors shown
to be important for supply-oriented firms. The abundance of raw commodities is unlikely to be
affected by the general business climate; however, the attractiveness of having abundant sources
of raw commodities for supply-oriented firms could be quickly overshadowed by less favorable
local and state business attributes. Given the dependance of the region as a whole on agriculture,
and especially the economic importance of agriculture to rural areas within the study regions,*
the business climate for agricultural processing is likely to remain favorable in the future.

The three economic development scenarios were based on growth rates less, the same, or
greater than current rates. A future scenario that holds the current level of agricultural
processing fixed in the study regions was not considered. Also, a decrease in the current level of
agricultural processing activities was not considered. Given the time frame of the study
projections and the change in agricultural processing capacities over the past 50 years, it was
considered unlikely that current processing capacities would remain stagnant or decrease over
the study period.
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3.6.2 Non-agricultural Manufacturing

Future non-agricultural manufacturing activity is dependent on a number of variables.
Some of the variables include the business climate associated with various market sectors and
products, availability of the appropriate work force, government support and incentives,
transportation costs, and other economic and non-economic factors.

The intent of this report was not to address the individual factors in detail but rather to
collect information relating to initiatives and activities in the area in order to develop a
reasonable non-agricultural scenario for the study area. There are a number of general
assumptions that apply:

» Economic initiatives that are being pursued in Fargo and Grand Forks are at least
partially successful,

» Center of Excellence initiatives are successful in expanding and diversifying industrial
presence,

» Workforce availability remains adequate to support increases in industrial activity.

Non-agricultural industrial activity differs from agricultural industrial activity in a
number of ways. One substantial difference is the dependence on the raw material supply. In
general, non-agricultural industries are not as dependent on being in close proximity to the raw
material sources as agricultural industries. As a result, a detailed effort relating to quantifying
raw material supply trends, similar to the previous agricultural section, is not included in this
report.
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4.0 RESULTS

Current industrial water use and estimated projections of future water needs were
separated into agricultural processing and non-agricultural manufacturing activities. Each of
those components are discussed in detail in the following sections.

4.1 Agricultural Processing Activities

The NDRRYV contains a variety of agricultural processing plants (Table 4-1). The types
of large-scale agricultural processing activities currently operating in the NDRRV include:

* potato processing (washing and packaging, french fry, potato flakes),

* sugarbeet processing (refined sugar, molasses),

» ethanol production (renewable fuels, livestock feed),

» oilseed processing (crushing and refining),

* spring wheat processing (flour milling),

* wheat straw processing (strawboard manufacturing),

* durum wheat processing (semolina, pasta),

« corn wet-milling (high-fructose corn syrup, livestock feed),

« confection sunflower processing (whole seed, kernel, salting and roasting).

In addition to those facilities located in the ND Red River Valley, several agricultural
processing facilities exist in the MN Red River Valley and in counties adjacent to the ND Red
River Valley (Table 4-2). As discussed earlier, the MNRRYV and NDADJ regions were included
since agricultural processing activities in those regions affect water availability in the NDRRV.
Production output and plant capacities for agricultural processing facilities were generally found
from the World Wide Web, university reports, industry/trade publications, and/or contacts with
plant/firm representatives.

Although there are a few smaller-scaled facilities in the study regions that perform some
agricultural processing activity (e.g., dry bean packaging, salting and roasting of food quality
soybeans),*® collectively those operations were not considered to have much influence on current
or future water consumption. Current large-scale agricultural processing activities important to
the study regions included sugarbeet processing, wheat milling, pasta production, corn wet-
milling, ethanol production, barley malting, oilseed crushing and refining, confection sunflower
processing, and potato processing.

All agricultural processing facilities (excluding straw board processing) included in this
study had a combined capacity of 15,889,685 tons in 2002. About 8,965,000 tons or 56 percent
of all agricultural processing capacity was in the NDRRV. The MNRRYV had about 5,608,000
tons of agricultural processing capacity. The remaining 1,317,000 tons of processing activity
occurs in the NDADJ region. (Note: for more information on processing capacities refer to
Section 2.1).
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Table 4-1. Agricultural Processing Activities in the North Dakota Red River Valley, 2002

Commodity Facility
Processed Final Product Facility Owner Location Current Processing Capacity
Corn/ Barley Fuel Grade Ethanol Archer Daniels Walhalla 11,000,000 *° bu/year corn
Midland (ADM)
Corn Fuel Grade Ethanol Alchem Ltd., LLLP Grafton 3,700,000 *° bu/year corn
Corn High Fructose Corn Syrup, Cattle Feed,  Cargill Sweetners Wahpeton 29,000,000 *° bu/year
Corn Germ
Milk Creamery Products Cass-Clay Creamery Fargo Confidential* N.A.
Oilseeds Sunflower, Canola, Crambe, Soybean Northern Sun (ADM) Enderlin 500,000 06 mt/year of
Oil and various meals sunflowers
Oilseeds Sunflower, Canola, Crambe, Soybean Cargill Oilseeds West Fargo 400,000 5283 mt/year of
Oil and various meals sunflowers
Potatoes Dehydrated Potato Flakes RDO Grand Forks 3,000,000 % cwt/year
Potatoes French Fries Simplot Grand Forks 7,000,000 % cwt/year
Potatoes Washed & Packaged Whole Potatoes Aaland Potato Hoople 52,500 % cwt/year
Potatoes Washed & Packaged Whole Potatoes Associated Potato Grand Forks 900,000 & cwt/year
Growers
Potatoes Washed & Packaged Whole Potatoes Bjorneby Potato Minto 120,000 % cwt/year
Company
Potatoes Washed & Packaged Whole Potatoes Folson Farms Grand Forks 396,200 cwt/year
Potatoes Washed & Packaged Whole Potatoes J.G. Hall & Sons Edinburg 280,863 & cwt/year
Potatoes Washed & Packaged Whole Potatoes Nokota Pride Buxton 280,863 % cwt/year
Potatoes Washed & Packaged Whole Potatoes Northern Valley Hoople 310,000 * cwt/year
Growers
Potatoes Washed & Packaged Whole Potatoes 0.C. Schulz and Sons Crystal 250,000 % cwt/year
Potatoes Washed & Packaged Whole Potatoes Potato Sales, Inc. Park River 200,000 % cwt/year
Sugarbeets Sugar & various byproducts Crystal Sugar Drayton 1,675,000 & tons/year
Sugarbeets Sugar & various byproducts Crystal Sugar Hillsboro 2,050,000 tons/year
Sugarbeets Sugar & various byproducts Minn Dak Farmer’s Wahpeton 1,650,000 tons/year
Cooperative
Wheat, Various Flours North Dakota Mill Grand Forks 3,000,000 >9¢7 bu/year
Durum
Wheat, Spring  Various Flours Horizon Milling Fairmount 4,000,000 bu/year
Wheat, Spring  Various Flours North Dakota Mill Grand Forks 14,000,000 %%¢"  bu/year
Wheat Straw Wheat Straw Particle Board Primeboard Wahpeton 50,000 tons/year of
straw
Confection Sorting, sizing, cleaning, dehulling, Numerous Several 105,028 ™ tons/year
Sunflower salting/roasting Owners Locations

*Although confidential, water consumption does not substantially influence study results.
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Table 4-2. Agricultural Processing Activities in the Minnesota Red River Valley and Counties

Adjacent to North Dakota Red River Valley, 2002

Commodity Facility

Processed Final Product Facility Owner Location Current Processing Capacity

Barley Malted Barley Budweiser (Anheuser- Moorhead, MN 7,780,941 ™ bu/year

Busch)

Barley Malted Barley Cargill Malt Spiritwood, ND 21,942,251 ™ bu/year

Potatoes Frozen Potato Cavendish Farms Jamestown, ND 5,000,000 cwt/year
Products

Potatoes Washed & Packaged A&L Potato East Grand 450,000 % cwt/year
Whole Potatoes Forks, MN

Sugarbeets Sugar and various Crystal Sugar East Grand 2,325,000 % tons/year
byproducts Forks, MN

Sugarbeets Sugar and various Crystal Sugar Crookston, MN 1,475,000 ® cwt/year
byproducts

Sugarbeets Sugar and various Crystal Sugar Moorhead, MN 1,500,000 cwt/year
byproducts

Wheat, Pasta Noodles by Leonardo Cando, ND 4,000,000 °¢ bu/year

Durum

Wheat, Pasta Dakota Growers Pasta Carrington, ND 14,000,000 ™ bu/year

Durum

Confection Sorting, sizing, Numerous Several 48,609 ° tons/year

Sunflower cleaning, dehulling, Owners Locations

salting/roasting

4.2 Water Use Per Unit of Raw Material

Water use per unit of raw material processed varies considerably both by type of

processing activity and from facility to facility. Manufacturing techniques and water

conservation practices are rarely uniform within a given processing industry. When possible,
water demand for facilities within the study area was determined by obtaining facility specific
information. Unfortunately, industry representatives often are reluctant to disclose proprietary
information. As a result, both direct and secondary sources were used to estimate water use rates
for agricultural processing plants in the region. In some cases, water use figures were modified
to reflect possible or potential future process improvements involving growing trends associated
with waste water recycling, water conservation, and processing intensification.

In those situations when actual data was not provided and water use was estimated from
secondary sources, industry representatives were contacted to verify the estimates. Information
from a variety of sources suggests that the water use rates compiled in this study can be expected
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to have an error rate no greater than 10 percent for any agricultural process (e.g., malting, wet
milling, crushing).

Water use per unit of raw material varies considerably among the agricultural processing
activities in the study regions (Table 4-3). As was discussed in earlier sections, future water
needs are likely to be most influenced by those activities having high water use rates per unit
processed. EXisting processing activities, using current technology and manufacturing
techniques, that have the greatest potential to influence future water needs include potato
processing (french fry and potato chips), corn wet-milling, and barley malting (Table 4-3).
Although current water use rates are known for existing processing techniques, new
technologies, alternative processing techniques, and future agricultural products are likely to
influence regional water use in the future. Unfortunately, it is impossible to speculate with any
precision on what the water use rates might be for technologies or products that have yet to be
developed.

Table 4-3. Typical Water Use Rates per Unit of Raw Commodity Processed, All Study
Regions, 2002

Type of Agricultural Processing Typical Water Use per Unit of Units
Raw Input
Barley malting 1,173 gal/lb
Beef processing 939.37 gal/head
Chicken/turkey processing 4277 gal/lb
Creamery 137 gal/lb
Ethanol from barley 6.8 %80 gal/bu
Ethanol from corn 4.9 882 gal/bu
High fructose corn syrup 2358 gal/bu
Nonoil Confection Sunflower 1.0 gal/cwt
Oilseeds, all, crush 65.0 gal/ton
Oilseeds, all, crush & refinery 130.0% gal/ton
Pasta (from wheat) 1.3 8687 gal/bu
Potatoes (bagged) 0.5 6488 gal/cwt
Potatoes (chips) 106.7 88 gal/cwt
Potatoes (dehydrated) 23.8 %488 gal/cwt
Potatoes (french fry) 103.75488 gal/cwt
Sugarbeet (sugar) 37.6 %% gal/ton
Wheat board 12.0 9192 gal/ton
Wheat milling (flour) 1.49% Ibs/bu

gal = U.S. gallon, Ib = U.S. pound, bu = Bushel, cwt = 100 U.S. pounds, ton = 2000 U.S. pounds
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4.3 Estimated Current (2002) Agricultural Processing Water Use

Water consumption at existing agricultural processing facilities was estimated by
combining water use rates (i.e., per unit of raw material) with plant capacities. Implied in the
analysis was that existing plants were operating at capacity. Water use presented in this report
may also be covered by existing records of municipal water use since some plants access city or
municipal water supplies. No attempt was made to distinguish the source of water used in the
agricultural processing plants.

Water consumption for agricultural processing activities was organized by crop and
facility. The major agricultural processing facilities in the Red River Valley (ND and MN
facilities) were estimated to use about 7,692 acre-feet of water in 2002 (Table 4-4). Major
agricultural processing plants located in the NDADJ region were estimated to use 5,219 acre-feet
of water. Combined water use in the Red River Valley and NDADJ region was estimated at
12,910 acre-feet in 2002 (Table 4-4).

Within the Red River Valley, water use varied considerably depending upon the types of
crops processed. Oil seed processing (i.e., crushing and refining) used the least amount of water
(396 acre-feet). Processing of small grains (e.g., flour, pasta, malt) in the Red River Valley used
about 1,282 acre-feet of water. Processing of row crops (i.e., corn and nonoil sunflower) in the
Red River Valley used roughly 2,322 acre-feet of water. The largest consumption of water
among crop types came from processing of potatoes and sugarbeets, which used about 3,690
acre-feet of water (Table 4-4).

4.4 Future Agricultural Processing Capacities

The relationship between processing capacity and crop production was applied to
estimated future crop production to arrive at potential agricultural processing levels for each of
the three future scenarios. Processing levels for each scenario, by crop and region, are discussed
in the following sections.

4.4.1 Future Agricultural Processing Capacities-Low Scenario

The overall processing-to-production ratio for the region was estimated to change from
62.2 percent in 2002 to 54.7 percent in the low scenario (Table 4-5). The total tonnage of crop
production, excluding forages, was forecasted to increase by 77 percent in the low scenario.
Thus, increased crop production, despite an overall lower ratio of crops processed in the three
regions, resulted in processing capacity increasing by 8.9 million tons or by 56 percent.
Processing capacities for existing crops were forecasted to increase for corn (2 million tons),
sugarbeets (5.7 million tons), and potatoes (270,000 tons). Processing capacity was added to the
region for soybeans (970,000 tons). Processing capacities for spring wheat, barley, durum,
nonoil sunflower, and oilseeds remained unchanged from levels in 2002. No additional
agricultural processing activities were added (i.e., livestock or other miscellaneous activities).
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Appendix A contains a discussion of how the supply-side methodology was implemented on a
crop-by-crop basis.

Table 4-4. Estimated Water Consumption by Agricultural Processing
Activities, Red River Valley and Surrounding Region, 2002

Estimated Water

Crop Plant Locations Use (acre-feet)
Spring Wheat Grand Forks, ND 7.25
Fairmount, ND 2.07
Barley Spiritwood, ND 3,555.70
Moorhead, MN 1,260.89
Durum Grand Forks, ND 11.97
Carrington, ND 55.86
Cando & Devils Lake, ND 15.96
Corn Wahpeton, ND 2,091.59
Walhalla, ND 165.42
Grafton, ND 55.64
Nonoil Sunflower Red River Valley (ND&MN) 9.43
Sugarbeets Red River Valley (ND&MN) 1,237.64
Potatoes upper Red River Region 4.97
Grand Forks, ND 2,446.99
Jamestown, ND 1,591.33
Oil seeds Enderlin, ND 219.90
West Fargo, ND 175.92
Other (strawboard) Wahpeton 1.84

Totals:

Red River Valley (ND & MN) 7,691.53
ND Adjacent Counties 5,218.85
All Regions 12,910.38
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Table 4-5. Estimated Processing Capacities, All Study Regions, Low Scenario, 2050

2000-2002 2050
Processing Crop Processing Crop

Crop Capacity Production Ratio Capacity Production Ratio
---------- tons ----------  -% -=-m=e==e= tONS -=------ -0

Small Grains and Row Crops
Spring Wheat 540,000 5,288,011  10.2 540,000 4,118,391 131
Barley 713,357 979,994 72.8 713,357 527,787 135.2
Durum 630,000 198,950 316.7 630,000 168,100 374.8
Winter Wheat 0 50,915 0.0 0 25,581 0.0
Oats 0 75,552 0.0 0 64,350 0.0
Rye 0 2,811 0.0 0 0 0.0
Soybeans 0 3,121,413 0.0 968,797 9,487,055 10.2
Dry Edible Beans 0 388,923 0.0 0 617,060 0.0
Corn (grain) 1,223,600 3,272,153 374 3,236,470 12,234,648  26.5
Nonoil Sunflower 153,637 117,066 131.2 153,637 152,797 100.8
Sub-total 3,260,594 13,498,788 24.2 6,242,261 27,395,460 22.8

High Value Specialty Crops

Sugarbeets 10,725,000 10,264,163 104.5 16,392,993 15,688,611 104.5
Potatoes 912,021 1,110,503  82.1 1,181,533 1,438,669  82.1

Sub-total 11,637,021 11,374,666 102.3 17,574,526 17,127,280 102.6
Oil Seeds

Sunflower, Canola, Flax 992,070 679,891 1459 992,070 846,254 117.2

Totals 15,889,685 25,553,345 62.2 24,808,857 45,368,995  54.7
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4.4.2 Future Agricultural Processing Capacities-Intermediate Scenario

The overall processing-to-production ratio for the region in the future was held at the
current 62.2 percent rate (Table 4-6). The total tonnage of crop production, excluding forages,
was forecasted to increase by 84 percent in the intermediate scenario. Thus, increased crop
production, while holding the overall ratio of crops processed constant, resulted in processing
capacity increasing by 13.4 million tons or by 84 percent. Processing capacities for existing
crops were forecasted to increase for corn (5 million tons), sugarbeets (5.7 million tons),
potatoes (270,000 tons), nonoil sunflower (60,000 tons), and oil seeds (303,000 tons).
Processing capacity was added to the region for soybeans (2.1 million tons). Processing
capacities for spring wheat, barley, and durum remained unchanged from levels in 2002. One
additional agricultural processing activity was added (i.e., a medium-sized beef processing
facility-255,000 hd/year). Appendix A contains a discussion of how the supply-side
methodology was implemented on a crop-by-crop basis and the rationale for adding a livestock
processing facility to the scenario.

4.4.3 Future Agricultural Processing Capacities-High Scenario

The overall processing-to-production ratio for the region was estimated to increase from
62.2 percent in 2002 to 69.7 percent in the high scenario (Table 4-7). The total tonnage of crop
production, excluding forages, was forecasted to increase by 91 percent in high scenario. Thus,
increased crop production, combined with an increased overall ratio of crops processed, resulted
in processing capacity increasing by 18.1 million tons or by 114 percent. Processing capacities
for existing crops were forecasted to increase for corn (8.4 million tons), sugarbeets (5.7 million
tons), potatoes (329,000 tons), nonoil sunflower (73,000 tons), and oil seeds (363,000 tons).
Processing capacity was added to the region for soybeans (3.3 million tons). Processing
capacities for spring wheat, barley, and durum remained unchanged from levels in 2002. Two
additional agricultural processing activities were added (i.e., a large-sized beef processing
facility-511,000 hd/year and a medium-sized poultry/misc livestock processing facility-45
million Ibs/year). Appendix A contains a discussion of how the supply-side methodology was
implemented on a crop-by-crop basis and the rationale for adding livestock processing facilities
to the scenario.
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Table 4-6. Estimated Processing Capacities, All Study Regions, Intermediate Scenario, 2050

2000-2002 2050
Processing Crop Processing Crop
Crop Capacity Production Ratio Capacity Production Ratio
---------- tons ----------  -% -=-m=e==e= tONS -=------ -0
Small Grains and Row Crops
Spring Wheat 540,000 5,288,011  10.2 540,000 4,406,412 123
Barley 713,357 979,994 72.8 713,357 527,787 135.2
Durum 630,000 198,950 316.7 630,000 168,100 374.8
Winter Wheat 50,915 0.0 0 25,581 0.0
Oats 0 75,552 0.0 0 64,350 0.0
Rye 0 2,811 0.0 0 0 0.0
Soybeans 0 3,121,413 0.0 2,062,001 10,096,189 20.4
Dry Edible Beans 388,923 0.0 0 654,572 0.0
Corn (grain) 1,223,600 3,272,153 374 6,255,159 12,972,245  48.2
Nonoil Sunflower 153,637 117,066 131.2 213,149 162,412 131.2
Sub-total 3,260,594 13,498,788 24.2 10,413,666 29,077,648 35.8
High Value Specialty Crops
Sugarbeets 10,725,000 10,264,163  104.5 16,392,993 15,688,611 104.5
Potatoes 912,021 1,110,503  82.1 1,181,533 1,438,669  82.1
Sub-total 11,637,021 11,374,666 102.3 17,574,526 17,127,280 102.6
Oil Seeds
Sunflower, Canola, Flax 992,070 679,891 145.9 1,295,017 887,509 1459
Totals 15,889,685 25,553,345  62.2 29,283,209 47,092,437  62.2
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Table 4-7. Estimated Processing Capacities, All Study Regions, High Scenario, 2050

2000-2002 2050
Processing Crop Processing Crop
Crop Capacity Production Ratio Capacity Production Ratio
---------- tons ----------  -% -=-m=e==e= tONS -=------ -0
Small Grains and Row Crops
Spring Wheat 540,000 5,288,011  10.2 540,000 4,694,433 115
Barley 713,357 979,994 72.8 713,357 527,787 135.2
Durum 630,000 198,950 316.7 630,000 168,100 374.8
Winter Wheat 50,915 0.0 0 25,581 0.0
Oats 0 75,552 0.0 0 64,350 0.0
Rye 0 2,811 0.0 0 0 0.0
Soybeans 0 3,121,413 0.0 3,279,612 10,705,322 30.5
Dry Edible Beans 388,923 0.0 0 692,084 0.0
Corn (grain) 1,223,600 3,272,153 374 9,638,120 13,709,843 703
Nonoil Sunflower 153,637 117,066 131.2 226,172 172,335 131.2
Sub-total 3,260,594 13,498,788 24.2 15,027,261 30,759,836 48.9
High Value Specialty Crops
Sugarbeets 10,725,000 10,264,163  104.5 16,392,993 15,688,611 104.5
Potatoes 912,021 1,110,503  82.1 1,240,610 1,438,669  86.2
Sub-total 11,637,021 11,374,666 102.3 17,633,603 17,127,280 103.0
Oil Seeds
Sunflower, Canola, Flax 992,070 679,891 145.9 1,355,214 928,763 145.9
Totals 15,889,685 25,553,345  62.2 34,016,079 48,815,879  69.7
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4.5 Future Agricultural Processing Water Needs

Projected water needs for the low, intermediate, and high scenarios were based on
applying current water use coefficients per unit of raw input to estimated future processing
capacities. Although technology, plant size, processing methods, and other factors are likely to
influence per unit water consumption rates for agricultural processing activities in the future, the
water use coefficients used in this report were considered satisfactory for purposes of forecasting
future water needs.

Based on the three scenarios evaluated, future water needs for all agricultural processing
activities in the three study regions were forecasted to increase by 47 percent to 167 percent over
2002 levels (Table 4-8). Future water consumption for the study regions was forecasted to
increase by 6,040 acre-feet per year in the low scenario, 13,043 acre-feet per year in the
intermediate scenario, and 21,540 acre-feet per year in the high scenario.

Table 4-8. Projected Water Needs, Agricultural Processing, All Study Regions, 2050

Current Water Use and Projected Needs in 2050

2002 Low_ Intermed_iate High_
Crop Scenario Scenario Scenario
acre-feet per year
Spring Wheat 9.32 9.32 9.32 9.32
Barley 4,816.59 4,816.59 4,816.59 4,816.59
Durum 83.79 83.79 83.79 83.79
Soybeans 0.0 386.53 822.70  1,308.51
Corn 2,312.66 6,117.07 11,822.52  18,216.46
Nonoil Sunflower 9.43 9.43 13.08 13.88
Sugarbeets 1,237.64 1,891.72 1,891.72 1,891.72
Potatoes 4,043.29 5,238.13 5238.13  5,500.03
Oil Seeds 395.82 395.82 516.69 555.53
Livestock/Other 1.84 1.84 738.40 2,055.01
Miscellaneous Agricultural
Processing
Totals 12,910 18,950 25,953 34,451
Change --- 47% 101% 167%
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Future water needs for the Red River Valley (i.e, North Dakota and Minnesota regions)
were forecasted to increase by 68 percent to 267 percent (Table 4-9). Future water consumption
in the Red River Valley was forecasted to increase by 5,243 acre-feet per year in the low
scenario, 12,246 acre-feet per year in the intermediate scenario, and 20,569 acre-feet per year in
the high scenario.

Given the framework of this analysis, sugarbeet, potato, corn, and soybean processing
had the greatest increase in future water use. The largest single increase in water use in each of
the scenarios came from corn processing. Potato processing was the second largest user of water
in the low and intermediate scenarios; however, livestock processing has the second greatest
water use in the high scenario.

Table 4-9. Projected Water Needs, Agricultural Processing, Red River Valley, 2050

Current Water Use and Projected Needs in 2050

2002 Low_ Intermed.iate High_
Crop Scenario Scenario Scenario
acre-feet per year
Spring Wheat 9.32 9.32 9.32 9.32
Barley 1,260.89 1,260.89 1,260.89  1,260.89
Durum 11.97 11.97 11.97 11.97
Soybeans 0.0 386.53 822.70 1,308.51
Corn 2,312.66 6,117.07 11,822.52  18,216.46
Nonoil Sunflower 9.43 9.43 13.08 13.88
Sugarbeets 1,237.64 1,891.72 1,891.72 1,891.72
Potatoes 2,451.96 2,850.24 2,850.24 2,937.54
Oil Seeds 395.82 395.82 516.69 555.53
Livestock/Other Miscellaneous 1.84 1.84 738.40 2,055.01
Agricultural Processing
Totals 7,692 12,935 19,938 28,261
Change 68% 159.2% 267.4%
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Future agricultural processing activities were collectively modeled for all study region, as
crop production in those regions is perceived to influence regional processing activities. For
example, the sugarbeet, potato, and confection sunflower industries produce commaodities and
operate processing plants on both sides of the Red River. Future water use was collectively
estimated for all three regions and collectively for the Red River Valley (Tables 4-8 and 4-9).
Separate estimates of future water use on the North Dakota side of the Red River Valley was
conducted for study sponsors. With exception of the sugarbeet industry, future water use for the
entire Red River Valley was divided between the two states based on historical increases in
agricultural processing capacities in those two regions. Currently, sugarbeet processing capacity
in the two states is nearly identical (5,375,000 tons in ND and 5,350,000 tons in MN). Since
processing capacities are nearly identical, 50 percent of future water use from the sugarbeet
industry was allocated to both the NDRRV and the MNRRYV. Based on the change in
agricultural processing capacities (excluding growth in sugarbeet processing) from 1953 through
2002, about 93 percent of new processing capacity added to the Red River Valley has occurred
on the ND side of the river (see Table 2-2). Changes in future water use in the NDRRV were
estimated by applying half of the increase in water use from sugarbeet processing and 93 percent
of the increase in water use from other activities (Table 4-10).

Table 4-10. Allocation of Future Water Use, North Dakota and Minnesota Red River Valley
Study Regions, 2050

Future Water Use by Scenario

Study Region Low Intermediate High
acre-feet

North Dakota Red River Valley 10,399 16,905 24,637

Minnesota Red River Valley 2,536 3,033 3,624

Total 12,935 19,938 28,261
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4.6 Comparisons to Regression Analysis of Historical Data

The methodology used to project future crop volumes, agricultural processing capacities,
and water use was based on supply-side relationships. From 1978 to 2002, processing capacities
in the study regions increased at a rate proportional to the increase in crop production. Granted,
annual variations in that relationship can be expected with changes in crop yields and the
incremental addition of processing facilities/expansions in some years. However, when the ratio
of processing to production was evaluated over the 1978 to 2002 period, no statistically
significant change was observed. As a result, a three-year average of the ratio between
processing capacity and crop volumes was used in conjunction with estimated future changes in
crop volumes (i.e., expected future yields and acreage) to arrive at the volume of agricultural
processing.

Another approach to estimating future crop volumes, agricultural processing capacities,
and water consumption could include using the historical data set discussed in Section 2.0 to
develop regression equations for prediction purposes. Although the 50-year data set was
analyzed for statistical change in Section 2.0, the equations developed were not part of the
study’s methodology. Since the changes over time for crop production, agricultural processing,
and water use were found to be statistically significant, those regression equations were used to
project future crop production, agricultural processing capacities, and water consumption for
comparison to the alternative method used in the study.

In order for the regression equations to be useful to predict future activities, the factors
influencing change from 1953 to 2002 would have to hold (i.e., also be responsible for change in
the future) over the prediction period. In other words, the rate of change in the past 50 years
would be a strong predictor of change over the next 50 years. In some cases, especially over
relatively long periods, unpredictable factors such as technological innovation, policy changes,
political/world events, and shifting tastes and preferences can strongly influence future
developments. In other cases, physical limitations associated with future predictions may place
constraints or bounds on the predictive capacity of past relationships. There is inherent risk in
blindly accepting past changes as a predictor of future change.

Some adjustments to the data set were performed. Forage production was excluded from
the changes in crop production over time. A new equation was then estimated for purposes of
comparing to study results. Also, water use from livestock processing in the study results was
excluded from the comparisons.

The current study method provided three alternative estimates of future crop production,
agricultural processing capacities, and future water consumption. The regression equations
could also be used to produce alternative estimates by calculating one standard deviation above
and below the equation’s point estimate. However, one standard deviation above/below the
point value resulted in extreme estimates, and were not included.
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Crop production in all study regions ranged from 45.4 million tons in the low scenario to
48.8 million tons in the high scenario. Future crop production, using regression analysis over the
50-year data set, was estimated at 48 million tons (Table 4-11). For comparison, crop production
in the intermediate scenario was estimated at 47.1 million tons—a difference of -2.0 percent from
the regression estimate. The difference between the low and high scenario projections and the
regression estimate was -5.9 percent and 1.6 percent, respectively.

The volume of agricultural processing ranged from 24.8 million tons in the low scenario
to 34.0 million tons in the high scenario. Using regression analysis, future processing capacity
was estimated at 28.9 million tons (Table 4-11). Processing capacity in the intermediate scenario
was estimated at 29.3 million tons—a difference of 1.2 percent from the regression estimate. The
difference between the low and high scenario projections and the regression estimate was -16.6
percent and 14.9 percent, respectively.

Water needs for agricultural processing ranged from 18,950 acre-feet per year in the low
scenario to 32,976 acre-feet per year in the high scenario, excluding wheat straw and livestock
processing. Using regression analysis, future water use was estimated at 27,536 acre-feet per
year (Table 4-11). Water use in the intermediate scenario was estimated at 25,215 acre-feet per
year—a difference of -9.2 percent from the regression estimate. The difference between the low
and high scenario projections and the regression estimate was -45.3 percent and 16.5 percent,
respectively.

Table 4-11. Future Crop Production, Agricultural Processing Capacity, and Water Use
compared to Regression Estimate from Historical Data, All Study Regions, 2050

Study Results by Scenario

Regression
Category Estimates® Low Intermediate High
Crop Production (tons) 48,045,199 45,368,995 47,092,437 48,815,879
Agricultural Processing
Capacity (tons) 28,939,046 24,808,857 29,283,209 34,016,079
Water Use (acre-feet)IO 27,536 18,948 25,216 32,976

a Regression equations were statistically significant at the 99 percent level. Data was from 1953 through 2002.
Projections made for year 2050.
b Excludes water use from livestock processing activities.

61



4.7 Non-Agricultural Manufacturing Water Use

Information was collected from various community representatives and combined with
the information from other sources listed above in order to develop NAM water demand
projections. An allocation of the increase in NAM water demand was also developed based on
historical industrial activity.

The allocation percentages used for county specific demand projections were:

e Cass County 45 percent
® Grand Forks County 30 percent
® Richland County 15 percent
® Remaining Counties 10 percent

Current study area Non-Agricultural Manufacturing water demand is estimated at 8,257
acre-feet per year. The NAM projected future water demand increase for the NDRRV varied
from 3,078 acre-feet per year in the low scenario to 12,284 acre-feet per year in the high scenario
(Table 4-12). Future water use for the remaining counties varied from 308 acre-feet per year to
1,228 acre-feet per year (Table 4-13).

Table 4-12. Increases in Projected Future Water Use, Non-Agricultural
Manufacturing, Cass, Grand Forks, and Richland Counties, North Dakota, 2050

Low Intermediate High
County Current Scenario Scenario Scenario
acre-feet per year

Cass 4,359 1,693 3,664 6,756
Grand Forks 770 616 1,332 2,457
Richland 553 462 999 1,843
All Others 2,575 308 666 1,228

Totals 8,257 3,078 6,662 12,284

Change 37.3% 80.7% 148.8%

62



Table 4-13. Increases in Projected Future Water Use, Non-Agricultural
Manufacturing, Selected Counties, North Dakota Red River Valley, 2050%

Current Future Scenario
County Demand Low Intermediate High
acre-feet per year

Barnes 384.4 58.3 69.3 80.4
Cavalier 7.9 0.5 0.8 1.0
Griggs 28.1 3.9 4.8 5.6
Nelson 29.4 2.7 3.5 4.3
Pembina 257.5 59.3 66.7 74.1
Ransom 33.7 4.0 4.9 5.9
Richland 552.6 181.0 196.8 212.7
Sargent 1,402.0 820.9 861.1 901.4
Steele 30.3 3.7 4.6 5.5
Traill 38.0 4.8 5.9 7.0
Walsh 364.7 59.8 70.2 80.7
Totals 2,575 308 666 1,228
Change 12.0% 25.9% 47.7%

Note: Increase in projected water demand based on North Dakota 1980-1999 Manufacturing
Location Quotient Growth (acre-feet per year).
®Cass and Grand Forks Counties not included due to differing demand analysis.
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5.0 INDUSTRIAL WATER DEMAND PROJECTIONS

Agriculture processing and non-agricultural manufacturing water use were combined
(Table 5-1). Projections of future water use were developed for three alternative scenarios.

Table 5-1. Increases in Projected Future Water Use, Agricultural Processing and Non-
Agricultural Manufacturing, North Dakota Red River Valley, 2050

Projected Increase in Water Use over 2002 Levels

Future Agricultural Non-Ag

Scenarios Processing Manufacturing Total
acre-feet per year

Low Estimate 4,590 3,078 7,668

Intermediate Estimate 11,096 6,662 17,758

High Estimate 18,828 12,284 31,112

The projected increases in industrial water demand have been allocated to specific
locations with the study area (Table 5-2). Due to the concentration of population, transportation
systems, and other resources, three specific locations were allocated a specific quantity of the
projected industrial water demand increases.

Table 5-2. Allocation of Projected Industrial Water Demands, City-County Location, North
Dakota Red River Valley, 2050

Grand Forks,  Wahpeton,

Fargo, Grand Forks Richland Remaining
Processing Type/Scenario Cass County County County Study Area
percent

Agricultural Processing 30 35 20 15
Non-Ag Manufacturing 45 30 15 10
Allocated Water Use acre-feet per year

Low Scenario 2,762 2,530 1,380 996

Intermediate Scenario 6,327 5,882 3,219 2,331

High Scenario 11,176 10,275 5,608 4,053
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6.0 CITY COMPARISONS

A comparison was conducted of the largest cities in the study region (i.e., Fargo, Grand
Forks) to the growth, and subsequent water use, found with other cities in the United States that
were comparable to Fargo and Grand Forks (Tables 6-1 through 6-6). The communities selected
for study were identified and agreed upon by project sponsors. The focus of the city
comparisons was to identify the industrial water demand component of the overall water demand
and use as example information for the communities of Fargo and Grand Forks.

6.1 Austin, Texas

Austin has experienced significant population growth over the past 20 years, averaging
an approximate annual growth rate of over 3 percent annually (Table 6-1). Many contributing
factors have led to Austin’s growth, but one of the key contributors is the presence of the
University of Texas Technology Park. Austin has attracted technology-based industries resulting
in significant growth in the technology sector. One specific example is the semiconductor
industry. Austin has become a major hub for semiconductor production and provides a good
example of a city that has grown significantly as the result of developing a specialized niche
industry involving many companies.

Examples of the technology-based companies located in Austin include Dell Computer
Company and Motorola, Inc. Combined, these two companies employ approximately 30,000
people. Comparison with Austin is significant due to recent initiatives in the Fargo area. North
Dakota State University (NDSU) also has established a technology park. Fargo, along with
NDSU, intends to attract technology-based companies to the Fargo area by combining economic
policy incentives and NDSU resources. Recently, Alien Technology committed to establishing a
substantial technological operation in Fargo. Activities, such as the Alien initiative, typically
result in additional industrial activities for support.

Table 6-1. Characteristics of Water Demand, Austin, Texas

1980 Population 345,890
1990 Population 465,622 (3.02% average annual growth from 1980-1990)
2000 Population 656,562 (3.50% average annual growth from 1990-2000)
2002 Total Water Demand 209 gpcd
2002 Industrial Water Demand 59 gpcd
Industrial Water Demand 28.2% of total demand
Major Employer Examples University of Texas
Dell Computer Company
Motorola, Inc.
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6.2 Boise, Idaho

Boise has a strong technology sector and a substantial amount of agricultural and raw
material manufacturing. Boise is a valid comparison community for both Fargo and Grand Forks
due to its diverse industrial presence and activity. Another important point is that the population
of Boise in 1980 was approximately the same as Fargo’s current population (Table 6-2).

Table 6-2. Characteristics of Water Demand, Boise, Idaho

1980 Population 102,249
1990 Population 126,605 (2.16% average annual growth from 1980-1990)
2000 Population 185,898 (3.92% average annual growth from 1990-2000)
2002 Total Water Demand 216 gpcd
2002 Industrial Water Demand 69 gpcd
Industrial Water Demand 31.7% of total demand
Examples of Major Employers Micron Tech
Hewlett Packard
JR Simplot

6.3 Cedar Rapids, lowa

Cedar Rapids has a large concentration of agricultural processors. According to industry
sources in Cedar Rapids, the City is very proactive in their utilities approach; a benefit to the
processors. Another component to the industrial growth in the Cedar Rapids area is the presence
of the University of lowa and its associated research activities. Due to agricultural processing
activities, the industrial water demand in Cedar Rapids is much higher than in other comparison
cities (Table 6-3).

Table 6-3. Characteristics of Water Demand, Cedar Rapids, lowa

1980 Population 110,243

1990 Population 108,772 (-0.13% average annual growth from 1980-
2000 Population 120,758 (1.05% average annual growth from 1990-2000)
2002 Total Water Demand 264 gpcd

2002 Industrial Water Demand 205 gpcd

Industrial Water Demand 78% of total demand

Examples of Major Employers Rockwell Collins

Intermec Technologies
ADM, Cargill, General Mills, and other food processors
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6.4 Decatur, Illinois

Decatur, similar to Cedar Rapids, also has many major agricultural processors and related
businesses. A substantial industrial presence in Decatur has resulted in continued increases in
overall water demand even during periods of population decline (Table 2-17).

Table 6-4. Characteristics of Water Demand, Decatur, Illinois

1980 Population

1990 Population

2000 Population

2002 Total Water Demand
2002 Industrial Water Demand

Industrial Water Demand
Examples of Major Employers

94,081

83,885 (-1.14% average annual growth from 1980-1990)
81,860 (-0.24% average annual growth from 1990-2000)
333 gpcd

252 gpcd

76% of total demand
ADM

Caterpillar, Inc.
Illinois Power

6.5 Longmont, Colorado

The Longmont area has one of the largest densities of skilled semiconductor manufacture
and research personnel in the United States. The expansion of this industry has spurred
substantial population growth in Longmont (Table 6-5).

Table 6-5. Characteristics of Water Demand, Longmont, Colorado

1980 Population

1990 Population

2000 Population

2002 Total Water Demand
2002 Industrial Water Demand

Industrial Water Demand
Examples of Major Employers

43,500

51,555 (1.71% average annual growth from 1980-1990)
73,344 (3.59% average annual growth from 1990-2000)
199 gpcd

47 gpcd

23% of total demand
Maxtor Company
Seagate Technologies
Con Agra Foods
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6.6 Sioux Falls, South Dakota
Sioux Falls has a large service and financial sector, similar to Fargo. In addition, there is

a large agricultural processor in Sioux Falls. The population growth in Sioux Falls has been
consistent over the past 11 years (Table 6-6).

Table 6-6. Characteristics of Water Demand, Sioux Falls, South Dakota

1980 Population 81,343
1990 Population 100,814 (2.17% average annual growth from 1980-1990)
2000 Population 124,000 (2.09% average annual growth from 1990-2000)
2002 Total Water Demand 151 gpcd
2002 Industrial Water Demand 65 gpcd
Industrial Water Demand 43% of total demand
Examples of Major Employers Citigroup
John Morrel

Wells Fargo Financial

Typically, municipal water demand projections are based on population growth and a per
capita water demand factor. The data included above indicates that the type of industrial activity
that accompanies the population growth can influence long range per capita demand trends.
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7.0 CONCLUSIONS

Three possible future industrial water demand scenarios were developed for agricultural
processing activities and non-agriculture manufacturing in the North Dakota Red River
Valley. Agricultural processing water needs were forecasted to increase by 79 to 324
percent over current (2002) levels in the next 50 years, while non-agricultural
manufacturing water needs were forecasted to increase by 37 to nearly 150 percent over
the same period.

Crop patterns in the study regions over the past 25 years show a distinct trend of
decreasing acreage of small grains and increasing acreage of traditional row crops. High-
value specialty crops also exhibited a slight increasing trend over the period. Acreage
patterns for other crops were mixed. Existing crop trends in the study region were
forecasted to continue throughout the next 50 years.

The implications of changing crop patterns suggest that future agricultural processing
activities will likely involve row crops. These activities generally are more water
intensive than found with processes associated with small grains. As a result, water
demand from agricultural processing will likely increase in the future due to both
increases in existing processing activities (e.g., corn, sugarbeets, potatoes) and the
addition of new agricultural processing activities in the region (i.e., soybeans).

City comparison data indicates that population growth alone may not provide accurate
water demand projections. The type of industrial and commercial growth occurring in a
city has substantial influence over the per capita water demand. Therefore, consideration
for the type of future industrial activity should be included in developing water demand
projections.

Data resulting from this effort can be used to develop or modify water demand
projections for eastern North Dakota. Industrial water demand projections are based on
production facility potential and are relatively independent of population projections.

Current water demands in the North Dakota Red River Valley are approximately:
* Agricultural processing water demand = 5,808 acre-feet per year
» Non-agricultural manufacturing water demand = 8,257 acre-feet per year
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° Agricultural processing water needs were forecasted to increase by 79 to 324 percent
over 2002 levels in the next 50 years, while non-agricultural manufacturing water needs
were forecasted to increase by 37 to nearly 150 percent over the same period. The
projected increases in water demand for industrial activities ranged from 7,668 acre-feet
per year to 31,112 acre-feet per year (see below).

Projected Increase in Water Use over 2002 Levels

Future Agricultural Non-Ag
Scenarios Processing Manufacturing Total
acre-feet per year
Low 4,590 3,078 7,668
Intermediate 11,096 6,662 17,758
High 18,828 12,284 31,112
° Within the North Dakota Red River Valley, the increase in total industrial water demand

(i.e., combined effects of agricultural processing and non-agricultural manufacturing)
was forecasted to be largest for Cass County/Fargo and Grand Forks County/Grand Forks
metro areas. Those two city-county locations were projected to require 5,292 acre-feet of
water per year (low scenario) to 21,451 acre-feet per year (high scenario) above current
industrial water use. Richland County/Wahpeton was forecasted to need an additional
1,380 acre-feet of water per year (low scenario) to 5,608 acre-feet per year (high
scenario) above current industrial water use. Future water needs in the remaining 10
counties were estimated to be 996 acre-feet of water per year (low scenario) to 4,053
acre-feet per year (high scenario) above current industrial water use (see below).

Grand Forks,  Wahpeton,

Fargo, Grand Forks Richland Remaining
Processing Type/Scenario Cass County County County Study Area
percent

Agricultural Processing 30 35 20 15
Non-Ag Manufacturing 45 30 15 10
Allocated Water Use acre-feet per year

Low Scenario 2,762 2,530 1,380 996

Intermediate Scenario 6,327 5,882 3,219 2,331

High Scenario 11,176 10,275 5,608 4,053
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Supply-side Methodology in Each Scenario

The relationship between processing capacity and recent crop production was applied to
estimated future crop production to arrive at potential agricultural processing levels for each of
the three future scenarios. For the intermediate scenario, the overall ratio (62.2 percent) was
used to estimate future agricultural processing volumes. The ratios in the low and high scenarios
were adjusted based on the economic development premises for each scenario. The ratio used in
the low scenario was 7.5 percent less than the ratio used in the intermediate scenario. The ratio
used in the high estimate was 7.5 percent greater than the ratio used in the intermediate scenario.
However, within each of the scenarios the processing ratios for most crops changed. In the case
of sugarbeets and potatoes, where production is similar to processing capacity due to structural
relationships within the industry, the existing processing ratio was maintained. In other cases,
existing capacity in the study regions was maintained at current levels.

In each scenario, the volume of small grain processing capacities was modeled to remain
at current levels, even though small grain production in the study regions was forecasted to
decrease. No future increases in small grain processing capacities were forecasted. Although
additional spring wheat processing has been added to the study regions in recent decades, future
water use is not sensitive to changes in spring wheat milling. For example, spring wheat milling
capacity could double from current levels and only increase future water demand by 9.3 acre-feet
per year. Contrary to spring wheat milling, barley malting is extremely water intensive. Barley
production has rapidly decreased within the study regions over the past decade, requiring malting
plants in the region to acquire barley from outside the study area. Also, the malting industry is
currently shifting towards the use of two-row barley, grown west of the study regions. A new
malting plant is scheduled to go on-line in 2005 in Great Falls, Montana. The emergence of this
new facility and shifting production patterns reduce the likelihood of any expansion of the
industry in the study regions. Granted, current conditions within the malting industry are subject
to change over time, but for the three scenarios no change in malting capacities were modeled.
Pasta production also was not modeled to change in the three scenarios. While pasta production
is somewhat more water intensive than spring wheat milling, future water use in the study
regions again is not sensitive to additional pasta production. Pasta processing could double from
existing capacities and only increase water use by about 84 acre-feet per year. Also, as is the
case with barley, recently added pasta processing in Minot, ND, and shifting durum production
patterns within the state are likely to curtail any substantial future growth of pasta processing in
the region.

Despite increases in dry edible bean production in each scenario, dry edible bean
processing was not forecasted for the study regions. Based on antidotal evidence, dry bean
processing is not a water intensive activity, and, as a result, the absence of dry bean processing
in the three scenarios has little influence on projected future water use.

In the low scenario, regional confection sunflower production increased, but remained

less than existing capacity with the study area. Thus, no new processing capacity was added.
However, due to relatively greater increases in production in the intermediate and high scenarios,
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future processing capacity was increased to match existing processing to production ratios.
Similar changes in oil seed production occurred in each of the three scenarios. While production
increased, additional oil seed processing (i.e., oil sunflower, canola, and flax) was not added in
the low scenario. Additional oil seed processing was added in the intermediate and high
scenarios to maintain the existing processing-to-production ratio.

Additional sugarbeet and potato processing was added in each of the scenarios.
However, the acreage adjustments (i.e., CRP) performed in the scenarios did not influence
sugarbeet or potato acreage. Land currently used for sugarbeet and potato production generally
does not meet conservation program sign-up criteria. As a result, even with a complete
elimination of existing conservation programs, future acreage of those crops is not likely to be
affected. The increase in sugarbeet and potato processing was the same in the low and
intermediate scenarios. A slight increase in potato processing was modeled in the high scenario.

After the above changes in processing capacities were made, additional processing
capacity was required to meet the overall processing-to-production ratio in each scenario. Corn
and soybean processing was added in each scenario to arrive at the overall specified ratios (low
scenario 54.7 percent, intermediate scenario 62.2 percent, and high scenario 69.7 percent). Since
an infinite number of combinations in soybean and corn processing could be used to meet the
overall processing ratio, the spring wheat processing ratio was used a proxy for the level of
soybean processing (i.e., 10.2 percent in low scenario, 20.4 percent in the intermediate scenario,
and 30.6 percent in the high scenario). The ratio was doubled for the intermediate scenario, and
tripled for the high scenario. Soybean production has been increasing in the study regions for
over a decade. Currently, the study regions produce substantial amounts of soybeans, but do not
have a facility dedicated to crushing soybeans. Soybean acreage and yield were forecasted to
continue to increase over the next 50 years. No major processing of soybeans has occurred in
the study regions (outside of minor amounts processed at the region’s two oil seed plants) over
the past 50 years. This situation resembles the historically low processing-to-production ratio
found with spring wheat (i.e., the state has had historically high levels of production and
relatively low levels of processing). The likelihood that the region could have large-scale
soybean processing plants in the future was considered high due to interest in developing bio-
diesel from soybeans, the relatively large volume of soybeans produced in the region, and the
lack of competing processing activities for soybeans in the region.

After soybean processing levels were included, additional corn processing was added
until the overall processing-to-production ratio for each scenario was achieved. The manner of
corn processing was not specified. Water use was based on a prorated average of the two types
of corn processing currently existing in the study regions.

In 2002, the Red River Valley had no large-scale livestock processing plants. The meat
processing industry in the U.S. has been structurally changing over the past several decades.
Trends in meat processing, especially with pork and beef, include substantial consolidation of
processing firms, location of processing facilities close to large-scale suppliers of slaughter
animals, and vertically integrated supply-chains.*
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The rationale for adding a livestock processing plant was that projections for crop
processing in the region would likely result in a substantial volume of livestock feed being
produced by plants in the area. The possibility of a large-scale feedlot or other similar livestock
enterprise(s) was considered probable in the intermediate scenario. This assessment was based
on substantial in-state sources of feeder animals, which are typically exported from the state
before reaching slaughter weight. Also, recent evidence suggests that large-scale feedlots and
processing facilities are becoming vertically integrated and are located in close proximity to each
other.’®#® |f large-scale livestock feeding operation(s) (i.e., operations were feeder animals are
confined and fed until reaching slaughter weight) were to develop as a result of a substantial, and
reliable source of local feed, then a reliable source of slaughter animals for a medium to large-
scale processing plant would also be probable in the immediate region. Thus, a medium-sized
beef processing plant was added to the bundle of processing activities to account for the water
use that would occur if a livestock processing plant was constructed in the region. The same
rationale was used in the high estimate, except future volumes of crop processing were
forecasted to be substantially greater in the high scenario, thus, an additional poultry processing
plant was included in the scenario to cover the additional water use associated with a broader
mix of livestock processing possibilities.
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Appendix Table A-1. Average Acreage and Production of Major Crops, by Study Region, 2000 through 2002

74

NDRRV ND Adjacent MNRRV [otals—All Regions

Crop Acres Production Acres  Production Acres Production Acres Production  Units
FORAGE

Alfalfa 122,000 357,900 146,000 325,667 161,133 461,333 429,133 1,144,900 tons

Corn Silage 17,400 192,867 19,867 210,633 21,433 268,067 58,700 671,567 tons
SMALL GRAINS

Spring Wheat 2,458,667 91,181,333 992,333 29,312,333 1,384,500 55,773,367 4,835,500 176,267,03 bu

Barley 354,533 18,321,667 341,300 16,382,333 120,600 6,129,100 816,433 40,833,100 bu

Durum 97,800 1,951,667 270,633 4,656,000 700 24,000 369,133 6,631,667 bu

Winter Wheat 16,433 550,200 28,300 987,833 5,533 159,133 50,267 1,697,167 bu

Oats 26,267 1,025,667 51,767 1,710,000 38,067 1,628,333 116,100 4,364,000 bu

Rye 0 0 2,500 88,167 0 0 2,500 88,167 bu
ROW CROPS

Soybeans 1,686,333 55,552,667 441,067 13,914,333 1,069,767 34,580,100 3,197,167 104,047,10 bu

Dry Edibles 406,700 5,334,000 106,867 1,446,667 82,200 997,800 595,767 7,778,467 cwt

Corn 561,800 67,167,867 195,133 21,478,633 221,300 28,216,100 978,233  116,862,60 bu

Nonoil Sunflower 77,833 94,426,667 92,633 108,113,33 24,600 31,591,667 195,067 234,131,66 Ibs
SPECIALTY

Sugarbeets 245,667 4,417,930 0 0 336,633 5,846,233 582,300 10,264,163 tons

Potatoes 94,267 17,614,900 7,400 1,960,333 17,667 2,390,000 119,333 21,965,233 cwt
OIL SEEDS

Oil Sunflower 161,033  223,950,00 195,633  246,413,33 27,833 37,701,667 384,500 508,065,00 Ibs

Canola 275,249  362,660,00 232,719  278,763,33 41,600 46,361,333 549,568 687,784,66 Ibs

Flax 59.033 1,265,533 109.167 2,042,133 1,733 37.900 169.933 3,345,567 bu

Sources: North Dakota Agricultural Statistics Service (various years), North Dakota and Minnesota Farm Service Agency (various years).
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Appendix Table A-2. Estimated Future Crop Production without Conservation Reserve Program Lands Returning to Production (Low
Scenario), by Study Region, 2050

NDRRV _ND Adjacent Counties MNRRY [otals—All Regions

Crop Acres Production Acres Production Acres Production Acres Production  Unit
FORAGE

Alfalfa 73,939 293,891 137,419 453,753 144,395 568,491 355,753 1,316,135 tons

Corn Silage 6,257 106,433 15,480 281,860 14,199 195,738 35,936 584,031 tons
SMALL GRAINS

Spring Wheat 1,117,889 43,695,741 536,571 37,579,900 802,393 56,004,061 2,456,854 137,279,702 bu

Barley 106,440 5,913,866 156,427 11,793,145 46,892 2,592,478 303,758 20,299,489 bu

Durum 34,189 2,171,511 80,158 3,431,826 0 0 114,347 5,603,337 bu

Winter Wheat 5,599 302,333 8,845 550,381 0 0 14,443 852,714 bu

Oats 10,832 590,656 24,258 1,597,311 19,090 876,311 54,180 3,064,278 bu

Rye 0 0 0 0 0 0 0 0 bu
ROW CROPS

Soybeans 3,084,650 151,157,114 1,432,140 87,456,207  1,673,87 77,621,843 6,190,663 316,235,165 bu

Dry Edibles 429,859 7,196,375 155,010 3,665,251 89,289 1,479,578 674,158 12,341,203 cwt

Corn 1,164,398 234,247,640 487,936 98,714,148 420,604 103,989,918 2,072,939 436,951,706 bu

Nonoil Sunflower 99,972 122,855,952 116,898 147,035,846 28,876 35,085,016 245,746 304,976,815 Ibs
SPECIALTY

Sugarbeets 282,265 6,927,424 0 0 399,771 8,761,187 682,035 15,688,611 tons

Potatoes 83,307 22,841,085 10,266 4,868,840 7,485 1,063,446 101,058 28,773,372 cwt
OIL SEEDS

Oil Sunflower 98,523 168,491,362 106,617 175,078,786 0 0 205,140 343,570,148 Ibs

Canola 349,155 597,334,235 344,296 553,478,693 0 0 693,451 1,150,812,928 Ibs

Flax 53.303 2,142,882 52,577 1,900,489 0 0 105,880 4,043371 bu




Appendix Table A-3. Estimated Future Crop Production with Conservation Reserve Program Lands Returning to Production (High
Scenario), by Study Region, 2050

NDRRV ND Adjacent Counties MNRRV Totals—All Regions

Crop Acres Production Acres Production Acres Production Acres Production Units
FORAGE

Alfalfa 73,939 293,891 137,419 453,753 144,395 568,491 355,753 1,316,135 tons

Corn Silage 6,257 106,433 15,480 281,860 14,199 195,738 35,936 584,031 tons
SMALL GRAINS

Spring Wheat 1,218,768 47,425,411 619,711 43,255,964 949,816 65,799,737 2,788,296 156,481,111 bu

Barley 100,440 5,913,866 156,427 11,793,145 46,892 2,592,478 303,758 20,299,489 bu

Durum 34,189 2,171,511 80,158 3,431,826 0 0 114,347 5,603,337 bu

Winter Wheat 5,599 302,333 8,845 550,381 0 0 14,443 852,714 bu

Oats 10,832 590,656 24,258 1,597,311 19,090 876,311 54,180 3,064,278 bu

Rye 0 0 0 0 0 0 0 0 bu
ROW CROPS

Soybeans 3,402,239 165,972,913 1,645,183 100,126,254 1,971,553 90,744,916 7,018,975 356,844,083 bu

Dry Edibles 474,116 7,901,729 178,295 4,201,571 105,694 1,738,370 758,105 13,841,670 cwt

Corn 1,284,282 257,207,635 550,405 110,975,664 494,928 121,453,951 2,329,616 489,637,251 bu

Nonoil Sunflower 110,265 134,897,867 134,458 168,551,030 34,181 41,221,355 278,904 344,670,252 lbs
SPECIALTY

Sugarbeets 282,265 6,927,424 0 0 399,771 8,761,187 682,035 15,688,611 tons

Potatoes 83,307 22,841,085 10,266 4,868,840 7,485 1,063,446 101,058 28,773,372 cwt
OIL SEEDS

QOil Sunflower 98,523 168,491,362 106,617 175,102,657 0 0 205,140 343,594,019 Ibs

Canola 400,735 681,341,769 396,015 634,466,882 0 0 796,750  1,315,808,651 Ibs

Flax 53.303 2,142,882 52,577 1.900.466 0 0 105,880 4,043.349 bu
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Appendix Table A-4. Regression Equations of Yields for Major Crops, by Study Region, 1978 through 2002

Crop

NDRRV

ND Adjacent Counties

MNRRV

Units

FORAGE
Alfalfa

(t-values)
Corn Silage

(t-values)

SMALL GRAINS
Spring Wheat a

(t-values)
Barley

(t-values)
Durum ?

(t-values)

Winter Wheat a

(t-values)
Oats b

(t-values)
Rye ¢

(t-values)

ROW CROPS
Soybeans

(t-values)
Dry Edibles

(t-values)
Corn

(t-values)

(year)*0.0246-46.56824
year (1.89)° intercept (-1.79)°
(year)*0.15003-290.55177
year (2.95)! intercept (-2.87)*

(year)*0.70889-1370.96817
year (1.39)* intercept (-1.35)*
(year)*0.10985-166.31265
year (0.36)° intercept (-0.28)°
(year)*0.47344-907.03692
year (0.97)° intercept (-0.94)°
(year)*0.39973-765.4442
year (1.85)° intercept (-1.78)°
(year)*0.10087-142.47846
year (0.30)° intercept (-0.21)°
(year)*0.24442-454.93319
year (0.92)° intercept (-0.87)°

(year)*0.36355-696.2745
year (2.63)° intercept (-2.53)°
(year)*0.0916-171.03874
year (1.15)° intercept (-1.08)°
(year)*1.90268-3699.31918
year (3.91)! intercept (-3.82)*

(year)*0.0218-41.38803
year (1.57)* intercept (-1.50)*
(year)*0.18172-354.31776
year (3.00)! intercept (-2.94)

(year)*0.64387-1249.89641
year (1.34)° intercept (-1.31)°
(year)*0.51788-986.2631
year (1.83)° intercept (-1.75)°
(year)*0.22638-421.26582
year (0.53)° intercept (-0.50)°
(year)*0.59793-1163.52823
year (2.35)° intercept (-2.30)°
(year)*0.50693-956.17311
year (1.49)* intercept (-1.41)*
(year)*0.27798-520.49126
year (1.43)* intercept (-1.35)*

(year)*0.64163-1254.2747
year (4.02)' intercept (-3.95)
(year)*0.21566-418.45771
year (2.49) intercept (-2.42)°
(year)*2.1322-4168.70038
year (4.19)' intercept (-4.12)*

- continued -

(year)*0.01838-33.74195
year (1.18)° intercept (-1.09)°
(year)*0.06214-113.60168
year (1.39)* intercept (-1.28)°

(year)*0.46758-888.74273
year (0.81)° intercept (-0.77)°
(year)*0.06744-82.96602
year (0.22)° intercept (-0.13)°
(year)*0.18792-335.23515
year (0.33)° intercept (-0.30)°
(year)*0.12073-210.08515
year (0.25)° intercept (-0.21)°
58.70 per year
na
24.03 per year

na

(year)*0.30737-583.73589
year (2.80)° intercept (-2.68)°
(year)*0.09144-170.88141
year (0.94)° intercept (-0.88)°
(year)*2.68477-5256.53928
year (5.53) intercept (-5.44)

tons/harvested acre

tons/harvested acre

bu/planted acre

bu/planted acre

bu/planted acre

bu/planted acre

bu/harvested acre

bu/planted acre

bu/planted acre

cwt/planted acre

bu/planted acre



Appendix Table A-4.

Continued

Crop NDRRV ND Adjacent Counties MNRRV Units
Nonoil Sunflower b (year)*0.44963+307.15874 (year)*2.25589-3366.75882 1,215.03 per year Ibs/planted acre
(t-values) year (0.09)° intercept (0.03)° year (0.38)° intercept (0.29)° na
SPECIALTY
Sugarbeets (year)*0.11902-219.44869 na (year)*0.08032-142.74048 tons/planted acre
(t-values) year (2.20)? intercept (-2.04) na year (1.48)* intercept (-1.32)*
Potatoes b (year)*1.83339-3484.2714 (year)*4.06694-7862.96347 142.08 per year cwt/planted acre
(t-values) year (2.39)° intercept (-2.28)° year (1.33)° intercept (-1.29)° na
OIL SEEDS
Oil Sunflower (year)*6.99277-12625 (year)*7.68738-14117 (year)*3.91634-6508.09501 Ibs/planted acre
(t-values) year (1.23)° intercept (-1.11)° year (1.38)* intercept (-1.27)° year (0.61)° intercept (-0.51)°
Canola d 1347.086*0.0054(per year) 1212.8*0.00651(per year) 1104.6*0.003047(per year) Ibs/planted acre
Flax ° (year)*0.38644-751.99908 (year)*0.3496-680.533381 (year)*0.46044-899.85855 bu/planted acre

(t-values) year (3.54)" intercept (-3.46)" year (3.73)} intercept (-3.65)* year (3.35)! intercept (-3.29)*

aSources: North Dakota Agricultural Statistics Service (various years), North Dakota and Minnesota Farm Service Agency (various years).
Equations for durum and spring wheat in all study regions, and winter wheat in MNRRYV, based on 1978 to 1992 yields.
Oats potato, and nonoil sunflower yield in MNRRV was 1978 through 2002 average. Potato yield in ND Adjacent Counties based on 1991 to 2002 yields.
® Yield for rye for ND Adjacent Counties based on 1978 to 2001 yields. Yields for rye in the MNRRYV were unavailable for 1992 through 1994 and 2000 through
2002. Yield for rye in MNRRV was an average from 1978 to 2002.
Ylelds for canola in all study regions based on 1999 through 2002 average yield, plus average annual percentage change in oil sunflower yields.
® Yields were unavailable for 1996 and 2001 for the MNRRV.
Test of Significance:
! Statlstlcally significant at the 99 percent level.
Statlstlcally significant at the 95 percent level.
Statlstlcally significant at the 90 percent level.
Statlstlcally significant at the 80 percent level.
% Not statistically significant.



Appendix Table A-5. Allocation of Acreage, Low, Intermediate, and High Scenarios, North

Dakota Red River Valley, 2050

Scenario
Item Low Intermediate High
Total Crop Land (1993-2002)
Low 7,543,961 7,543,961 7,543,961
High 8,021,767 8,021,767 8,021,767
Average 7,830,814 7,830,814 7,830,814
Total Crop Land (2000-2002)*
Low 7,968,126 7,968,126 7,968,126
High 8,021,767 8,021,767 8,021,767
Average 8,002,913 8,002,913 8,002,913
Acreage remaining in Conservation Programs 828,445 414,223 0
Land returning to crop productionb 0 328,686 657,371
Land used for other purposes 0 85,537 171,074
Summer fallow/idle land 139,892 146,336 152,781
Acreage of crops planted 6,994,576 7,316,817 7,639,058
Allotment for residential/commercial growth 40,000 40,000 40,000
Total Crop Land 8,002,913 8,002,913 8,002,913

 Included planted acreage of all major crops, summer fallow/idle land, and land in Conservation Reserve Program.
Land in this category was included in acreage of crops planted.

80



Appendix Table A-6. Allocation of Acreage, Low, Intermediate, and High Scenarios, North

Dakota Adjacent Counties, 2050

Scenario
Item Low Intermediate High
Total Crop Land (1993-2002)
Low 3,898,035 3,898,035 3,898,035
High 4,435,704 4,435,704 4,435,704
Average 4,155,082 4,155,082 4,155,082
Total Crop Land (2000-2002)*
Low 4,266,124 4,266,124 4,266,124
High 4,435,704 4,435,704 4,435,704
Average 4,363,484 4,363,484 4,363,484
Acreage remaining in Conservation Programs 620,689 310,345 0
Land returning to crop productionb 0 230,121 460,241
Land used for other purposes 0 80,224 160,448
Summer fallow/idle land 73,298 77,810 82,322
Acreage of crops planted 3,664,898 3,890,506 4,116,114
Allotment for residential/commercial growth 4,600 4,600 4,600
Total Crop Land 4,363,485 4,363,485 4,363,485

 Included planted acreage of all major crops, summer fallow/idle land, and land in Conservation Reserve Program.
Land in this category was included in acreage of crops planted.
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Appendix Table A-7. Allocation of Acreage, Low, Intermediate, and High Scenarios,

Minnesota Red River Valley, 2050

Scenario
Item Low Intermediate High
Total Crop Land (1993-2002)
Low 4,079,807 4,079,807 4,079,807
High 4,641,611 4,641,611 4,641,611
Average 4,349,749 4,349,749 4,349,749
Total Crop Land (2000-2002)*
Low 4,079,807 4,079,807 4,079,807
High 4,641,611 4,641,611 4,641,611
Average 4,429,207 4,429,207 4,429,207
Acreage remaining in Conservation Programs 695,602 347,801 0
Land returning to crop productionb 0 275,980 551,960
Land used for other purposes 0 71,821 143,642
Summer fallow/idle land 72,937 78,349 83,760
Acreage of crops planted 3,646,868 3,917,437 4,188,005
Allotment for residential/commercial growth 13,800 13,800 13,800
Total Crop Land 4,429,207 4,429,207 4,429,207

 Included planted acreage of all major crops, summer fallow/idle land, and land in Conservation Reserve Program.
Land in this category was included in acreage of crops planted.
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Appendix Figure A-1. Harvested Acreage, Forage Crops, North Dakota Red River Valley,

1978 through 2002
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Appendix Figure A-2. Planted Acreage, Small Grains, North Dakota Red River Valley,

1978 through 2002
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Appendix Figure A-3. Planted Acreage, Row Crops, North Dakota Red River Valley, 1978

through 2002
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Appendix Figure A-4. Planted Acreage, High Value Specialty Crops, North Dakota Red River

Valley, 1978 through 2002
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Appendix Figure A-5. Planted Acreage, Oilseed Crops, North Dakota Red River Valley, 1978
through 2002

350

N w
[$) o
o o
\ \

Harvested Acres (000s)
g
‘ T

150 —

100 e e e s N
1978 1982 1987 1992 1997 2002

Appendix Figure A-6. Harvested Acreage, Forage Crops, North Dakota Adjacent Counties,
1978 through 2002
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Appendix Figure A-7. Planted Acreage, Small Grains, North Dakota Adjacent Counties,

1978 through 2002
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Appendix Figure A-8. Planted Acreage, Row Crops, North Dakota Adjacent Counties,

1978 through 2002
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Appendix Figure A-9. Planted Acreage, High Value Specialty Crops, North Dakota Adjacent
Counties, 1978 through 2002
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Appendix Figure A-10. Planted Acreage, Oilseed Crops, North Dakota Adjacent Counties,
1978 through 2002
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Appendix Figure A-11. Harvested Acreage, Forage Crops, Minnesota Red River Valley,

1978 through 2002
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Appendix Figure A-12. Planted Acreage, Small Grains, Minnesota Red River Valley,

1978 through 2002
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Appendix Figure A-13. Planted Acreage, Row Crops, Minnesota Red River Valley,
1978 through 2002
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Appendix Figure A-14. Planted Acreage, High Value Specialty Crops, Minnesota Red River
Valley, 1978 through 2002
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APPENDIX B

Non-Agricultural Manufacturing Water Use Calculations




Background

When assessing long-term water needs for the Non-Agricultural Manufacturing (NAM)
sector in the study area, determining a way of assessing water use in this sector as a whole was
difficult. Research was done to determine a way of effectively obtaining water usage numbers
for the NAM sector of the study area.

Due to the large amount of small to mid-sized NAM facilities in the study area, a broad
based approach that looked at the NAM sector as a whole was chosen. Study into individual
markets for smaller manufacturers was deemed beyond the scope of this study. Methods (SIC
code employee based water use coefficients) from the U.S. Geological Survey (USGS) National
Handbook of Recommended Methods for Water Data Acquisition were used to determine
current water demands. From those current water demands and ND economic information, low,
intermediate, and high 2050 water demands were calculated.

NAM Market Analysis and Projection

Growth trends were calculated using ND 1980-1999 manufacturing employee-based
location quotient information. While this information includes the agricultural sector, analysis
indicates that the NAM sector has most likely grown at a rate above the agricultural processing
sector.” Therefore, the use of the manufacturing employee-based location quotient (LQ)
information was assumed acceptable. The rates of increase in the ND manufacturing LQ’s were
used to project future growth. The 1980’s were used (1980-1989) as a low-growth scenario due
the recession during the 1980s, the farm crisis of the late 1980s, and ND’s historic dependence
on the agricultural sector. The 1990s were used (1990-1999) as a high-growth scenario due to
growth in the technology sector both in the ND and U.S. economies, reduction in the number of
farms, and population growth that followed in Fargo and other areas of the Red River Valley.
An average of the 1980s and 1990s was used for the intermediate scenario. Also, the LQ for the
state of ND was used instead of separating out the LQ for the Red River Valley. By including
the entire state, the growth estimates were refined downward and produced more conservative
projections.

Location quotients identify specializations in a local economy when compared to a
reference economy. In this study, North Dakota manufacturing employee-based location
quotients were calculated and compared to the U.S. average. The location quotient equation is
presented below:

Economic Activity for Sector | in ND
Location Quotient (LQ) for Sector | = Total Economic Activity in ND

Economic Activity for Sector | in the U.S.
Total Economic Activity in the U.S.
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The location quotient provides important information regarding a region’s dependence on
a particular economic sector. A location quotient of one suggests the economic activity for the
region of interest (in this case, a county within the study area) is more dependent on the sector
than the comparison area (i.e., in this study the U.S.). The location quotient for North Dakota
Manufacturing Using Employment has risen from 0.26 to 0.49 from 1980-1999 (Figure B-1).
These location quotients were calculated using employment figures as a measure of economic
activity.
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Appendix Figure B-1. North Dakota Manufacturing Employment-Based Location Quotient

Manufacturing

Once a measure of the economic growth was determined, the number of employees
working in manufacturing-based activities was determined. Manufacturer’s News, Inc. (MNI),
provides databases listing the manufacturers within a given study area. In this study, the entire
state was used since economic trends are generally tracked and calculated at the state level. The
October 31, 2003 ND MNI database provided information on all of the study area manufacturers.
Manufacturers that were agriculturally-based were excluded, and those that represented non-
agricultural manufacturing were included. The database lists the primary and secondary
Standard Industrial Classification (SIC) codes, North American Industrial Classification System
(NAICS) codes, number of employees, and several other characteristics for each facility. When
employment information for each facility was multiplied by the appropriate water-use per
employee coefficients (i.e., based on SIC codes) provided in the USGS National Handbook of
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Recommended Methods for Water Data Acquisition, the approximate water use per facility was

determined. While the individual water use per facility, estimated using the above procedure,
may not be precise for each facility, the overall (total) estimated water use within each county
was perceived to be reflective of actual NAM water demands when aggregated to the county
level. Therefore, when determining 2050 NAM water demands, total county water demands
were used rather than using separate estimates per sector (i.e., separate estimates by SIC code).

The following discussion highlights the procedures used to estimate county-level NAM

water demands.

1.

U.S. Census population estimates and U.S. employment figures were obtained for each
county. U.S. Census information was the most accessible and recent employment figures
available. However, only workers 16 years and older were accounted for in the U.S.
Employment Census data. Excluding employment by workers under 16 years old was
assumed to have negligible affects on water demand forecasts, since manufacturers’
employment base is comprised mostly of workers over 16 years of age.

Data from Manufacturer's News, Inc. for ND manufacturers was used to estimate
workforce population in each of the study counties. Data was current through October
31, 2003. MNI lists the manufacturing employment in Cass County at 9,721 individuals.
The MNI analysis of manufacturing employment appears to be more detailed and
thorough than the analysis conducted by the U.S. Census Bureau. Since both sources
tract manufacturing using the same standard SIC and NAICS codes, it also was assumed
that all manufacturing firms/facilities were included in both the MNI and Census
estimates. Therefore, MNI estimates of manufacturing employment were considered
more accurate than estimates from the U.S. Census Bureau. However, this assertion was
not proven scientifically.

Manufacturing Location Quotients, based on employment, were calculated for counties in
the study area using data from 2003 Manufacturer's News, Inc. While reference data
from the U.S. Census Bureau was available for 2000, manufacturing employment for
2003 was used in the study.

Research was conducted for some facilities/firms when the SIC code descriptions were
unclear of the nature of the manufacturing activity. Facilities that were found to be
agriculturally-based were excluded. [Note: the manufacture of farm equipment and other
durable goods used by production agriculture was considered non-ag for purposes of this
study.] Employment for non-agricultural manufacturers was estimated.

Appendix 1 in the National Handbook of Recommended Methods for Water Data
Acaquisition (Industrial Standard Industrial Classification Codes and Employee-Based
Water-Use Coefficients) was used to develop water use per employee for each
manufacturing activity in the study area. Finally, based on past research and industry
contacts, some water use estimates were adjusted.
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The estimated water use coefficients for non-agricultural manufacturing activities were
multiplied by gross employment within those activities for each county.

A Manufacturing Location Quotient difference was calculated based on the increase for
North Dakota from 1980 to 1989 compared to the U.S. This period represented little
growth in manufacturing, and provided the estimate for the low scenario in non-
agricultural manufacturing. The difference between the ND and U.S. quotients was
divided by the number of years in the period, and multiplied by 50 years and added to the
1999 manufacturing location quotient to come up with a manufacturing location quotient

Overall manufacturing employment in 2050 was calculated by using appropriate location
quotient (low, intermediate, high), and solving the location quotient equation for 2050
manufacturing employment, assuming that the ratio of manufacturing employment to all
employment in the U.S. remains constant over the period.

Non-agricultural manufacturing employment in 2050 was calculated by multiplying the
ratio of (assuming the same ratio in 2000 of non-ag manufacturing to total
manufacturing) of non-agricultural manufacturing employment to all employment for the

Estimated water demand was calculated by multiplying the 2050 non-agricultural
manufacturing employment by the appropriate water use per non-agricultural
manufacturing employee. Current water use coefficients were used in the projections of

6.
7. Note excluded industries.
8.
for year 2050.
9.
10.
study counties in 2000.
11.
future water use.
12.

Determine the increase in water use from current estimates to projected estimates in 2050
for each county.

Example Scenario

Scenarios for specific types of industrial activity were developed for the Fargo/Cass County area.

2050 FARGO INDUSTRIAL SCENARIO

CATEGORY (Potential | FACILITY | WATER
Major Water User) SIZE DEMAN
D (mgd)
AG PROCESSING
Beef - Slaughter and 700 0.66
Pack head/day




Biodiesel Typical 0.27
Facility Size
Bread 7500 0.042
loaves/yr
Canning Facility 15
Dairy Processing Another 0.046
Cass Clay
Ethanol 15-40 mgy 0.75
Particle Board 50 MM 0.01
Tons/Yr
Poultry Processing 45 MM 0.047
lbs/Yr
Sector Total 3.3
NANOTECHNOLOGY CENTER OF
EXCELLENCE
Plastics Facility Based on 0.04
Northern
Pipe
Products
Printed circuit board Based on a 2.5
Phoenix, AZ
facility
Semiconductor 2 MM 0.67
Chips/Month
Wire 1 MM Sq. 0.8
Extruding/insulating Ft. facility
Sector Total 4.0

PHARMACEUTICAL CENTER OF EXCELLENCE

Pharmaceutical facility Average 2.0
sized
pharmaceuti
cal facility
Sector Total 2.0
MANUFACTURING
Heavy Equipment Similar to 0.03
Manufacturing/ existing
Assembly Case-IH
facility
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Plastics Facility Similar to 0.04
existing NPP
facility
Sector Total 0.1
TOTAL
(MGD) 9.4
TOTAL
(acre-ft/yr) 10536
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