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Introduction :

This appendix presents the economic evaluation of project modifications to the Corpus Christi
and La Quinta channels. The project benefits were calculated based on reductions in
transportation costs. Benefits were evaluated for the following alternatives: Corpus Christi
depths of 48, 50 and 52 feet; deepening the existing Federal portion of the La Quinta Channel;
extension of the La Quinta Channel Federal project; and widening Corpus Christi Bay Channel
400- and 500-foot reaches to 530 feet. In addition to widening of the bay channel, benefits were
evaluated for a barge shelf in the 400-foot reach. The barge shelf would extend from 200 feet on
each side from the toe of the proposed 530-foot channel.

An initial screening analysis of the plan alternatives was completed in January 2000. The
screening results were presented at the 4 April 2000 Feasibility Scoping Meeting (FSM). The
analysis showed that a Corpus Christi channel depth of 52 feet produced the highest net excess
benefits for the deepening plans evaluated for the main channel. The results also suggested that
additional studies were necessary to conclude if widening of the bay reach and extension of the
La Quinta channel was in the Federal interest. An additional recommendation of the FSM was to
further investigate deepening the La Quinta Channel beyond the existing project depth of 45 feet.
In regard to channel widening, the non-Federal sponsor and pilots association expressed a strong
interest in widening of the bay reach due to safety concerns along with associated vessel delays
and self-imposed vessel meeting restrictions. The recommendation for widening the entire bay
reach to 530 feet was based on the Engineering Research and Development Center (ERDC)
findings and the safety interest of Port Aransas Pilots Association. The pilots presently limit

vessel meetings to combined beam width up to 251 feet in the 400-foot reach and to combined
loaded draft limit of 80 feet.

The project benefits were calculated for a 2006-2056 economic evaluation period and are based
on the Fiscal Year (FY) 2003 Federal Discount rate of 5.875 percent and FY 2002 vessel
operating costs (EGM 02-06). The EGM 02-06 was released in the Fall of 2002 and the next
release will likely be in 2004. A 1998-2000 base period is displayed in the cost savings Tables.
Some early release data for calendar years 2001-02 is also displayed in the presentation Tables;
however, because its availability is not complete, evaluation is generally limited to review of its

effects on the forecasted trendlines. This appendix consists of five sections. The first section
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presents the commodity forecasts and the next three sections contain the Corpus Christi Inner
Harbor deepening and the widening benefits and the La Quinta Channel deepening and channel

extension analysis. The last section contains a sensitivity of the channel deepening benefits.

Commodity and Fleet Forecast.

Due to the magnitude of the ocean-going tonnage transported through the Corpus Christi
navigation system, historic trends were initially assessed for the purpose of determining the
commodity groups currently or anticipated to be limited by the constraints of the existing and the
without-project future channel dimensions. Within the context of this framework, channel
constraints were defined to exist when some percentage of the tonnage associated with a
commodity group is currently or anticipated to be transported in vessels that cannot be fully
Joaded. The historic transit data analysis revealed that at least some of the vessels used in the
transport of crude petroleum, petroleum products, and grain are transported in draft-constrained
vessels. Review of the historical transit data and vessel fleet trends resulted in detailed analyses
for crude petroleum; petroleum products; and bulk grain. The detailed analysis included
examination of port depths and associated trade route constraints. Tonnage associated with the
remaining ocean-going commodity groups, which were found either not to be transported in draft
constrained vessels at the current time or were of limited volumes, was analyzed in the
aggregate. Barge traffic forecasts generated by the USCE for the Institute for Water Resources’
“Inland Waterway Reports” were utilized to estimate the study area’s 2006-56 shallow-draft

barge movements.

The tonnage forecasts were developed using multiple-regression equations that incorporated data
for the most recent 20 to 40 year period. The vessel fleet projections are based on analysis of
existing fleet utilization and anticipated trends and the premise that vessel utilization will
gravitate to the most efficient vessel sizes for a specific channel depth given port depth and trade
route constraints. The project benefits reflect the inclusion of risk-based evaluation parameters.
Probability distributions were calculated for the traffic forecasts. Risk based distributions were

also used to calculate the estimated percentage of tonnage expected to utilize project depths over
45 feet.

The commodity and fleet projections prepared for the major commodity groups were primarily
based on forecasts published in the U. S. Department of Energy’s 2003 Annual Energy Outlook,
January 2003; the U. S. Department of Commerce’s 1996 Bureau of Economic Analysis




projectionsl; and the February 2002 U. S. Department of Agriculture projections; and indices
developed from historical trend data. The forecast data were assessed in relationship to the
study area’s historical commodity specific tonnage flows for the purpose of evaluating the
relationship between historical U.S. tonnage volumes and study area tonnage. Assessment of
the statistical variables associated with U. S. and study area tonnage provided the analytical
support needed to determine which forecast would furnish the best long-term estimation of future
study area tonnage flows. Total ocean-going tonnage for the 50-year period of analysis was
established using the premise that the commodity groups that have historically represented the
majority of foreign and coastwise tonnage, specifically, crude petroleum, petrochemical, and
bulk grain would continue to dominate total tonnage in the future. A separate forecast of La

Quinta container traffic was conducted.

Crude Petroleum

Corpus Christi crude petroleum imports exhibited a general upward trend during the nineteen
nineties after the downturn experienced in the early eighties. Imports for the period 1991-00
averaged 29,908,000 short tons compared to 12,520,000 for the period 1981-90.  In 2000,
Corpus Christi imported 35,830,000 short tons. Table 1 displays 1965-2000 Corpus Christi and
U. S. imports and production statistics. Analysis of the national and regional crude petroleum
import volumes revealed a significant degree of correlation between study area and U. S. tonnage
levels.  The regional and national growth rates generally follow the same general trends,
however, regional growth is characteristically higher than national growth. Average U. S. import
levels increased by 72 percent from the nineteen-eighties to the nineties, and Corpus Christi
imports increased by 139 percent. Corpus Christi and U. S. crude oil import trends are also
correlated with U.S. production.” Increasing import levels for the study area and the nation
parallels declines in domestic oil production.  Average 1991-00 production for both the “lower
48 states” and Alaska was down 22 percent from 1981-90 levels.

! For use in this document, the 1996 base associated with the Bureau of Economic Analysis
projections was expanded to include records for 1997-2000. The BEA projections were used as
input into regression equations, and the effect of the regression equation forecasts reflect the
inclusion of the 1997-2000 expanded base. The BEA projections were used for Corpus Christi’s
grain export forecast.

Regression analysis using Corpus Christi 1960-2000 crude oil imports as a function of U.S.
Production generated an R Square of .64. The t-value and F statistics significant at the .001
level. The R Square estimated from the equation using Corpus imports as a function of U. S.
imports for the same period 1s .92.
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Table 1
United States and Corpus Christi 1960-2000
Crude Petroleum Imports and Production (1000’s of short tons)

Imports Production
Corpus United Lower 48
Year Christi States States Alaska
1960 92 55,703 385,827 84
1965 0 67,806 425,245 1,668
1970 222 72,494 514,636 12,532
1975 9,183 224,727 447,659 10,466
1980 11,060 288,924 382,881 88,671
1981 12,864 240,705 380,868 88,025
1982 8,769 190,982 380,346 92,757
1983 7,445 182,284 381,495 93,749
1984 8,894 188,092 392,559 94,479
1985 9,001 175,245 390,914 99,850
1986 13,092 228,747 372,723 102,109
1987 15,060 255,888 349,415 107,302
1988 15,563 280,351 335,860 110,627
1989 18,240 319,914 313,951 102,509
1990 16,269 322,708 305,346 97,014
1991 16,261 316,580 307,341 98,368
1992 17,365 333,951 299,341 94,018
1993 18,395 371,585 287,985 86,550
1994 29,756 386,711 279,141 85,269
1995 27,183 395,822 277,655 81,179
1996 36,737 412,176 278,165 76,435
1997 41,627 450,345 282,041 70,882
1998 39,886 476,638 277,723 64,273
1999 36,029 477,999 264,304 57,431
2000 35,840 484,584 266,099 53,234
2001 32,226 483,249 267,174 52,979
1981-90 Average Tonnage 12,520 238,492 360,348 98,842
1991-00 Average Tonnage 29,908 411,220 281,980 76,764
% Change 139% 72% -22% -22%
Average Annual Growth Rates
1981-90 2.6% 3.3% -2.4% 1.1%
1990-91 9.2% 4.8% -1.6% -6.6%

Source: U.S. Army Corps of Engineers, Waterborne Commerce of the United States 1965-
00 and U. S. Dept. of Energy, Energy Information Administration website, January 2003.



Corpus Christi’s crude petroleum tonnage forecast was calculated using the EIA 2003 Annual

Energy Outlook reference case 2000-25 projections.  The EIA is projecting world oil demand

to increase from 76 million barrels per day in 2001 to 123 million barrels per day in 2025,
representing an average annual growth rate of 2 percent. The projected increase is due to
growing petroleum demand in the U. S. as well as the Middle East, the former Soviet Union, the
Pacific Rim developing countries, and China. OPEC oil production is expected to reach 60.2
million barrels per day (mbd) in 2020, representing a 123 percent increase over the 2001 and
2002 respective averages of 28 and 26 mbd. Foreign imports of crude oil have replaced
domestic production for both the U. S. and Corpus Christi. The EIA notes that U. S. crude oil
production is projected to decline at an average annual rate of 0.4 percent from 2001 to 2025.
Advances in domestic exploration and production are not expected to offset declining oil
resources. The share of demand met by net imports is projected to increase from 51 percent in
1999 to 68 percent in 2020. The EIA’s current forecast shows U. S. imports increasing from 9
mbd in 2000 to 12.7 mbd in 2020 and to 13.1 mbd in 2025.

During the eighties, significant volumes of Alaskan crude petroleum was shipped to U. S. Gulf
Coast ports in Post-Panama tankers from Chiriqui Grande, Panama. The Alaskan crude was
shipped from Alaska to the western side of the Panama Canal where it was pipelined to Chiriqui
Grande for distribution to the U. S. Gulf and East coasts. Alaskan crude is presently not shipped
into Corpus Christi, nor other U. S. Gulf or East Coast ports, and shipments are not forecasted to
resume in the future. Receipt of coastwise crude oil tanker vessels into Corpus Christi was low
during the nineties and is expected to remain so for the foreseeable future. The EIA (January
2003) forecast shows a steady decline in Alaskan crude petroleum production from .99 million
barrels per day in 2000 to .68 million barrels in 2011, followed by an increase to 1.23 million
barrels per day in 2020 and decline to 1.17 million in 2025.

Corpus Christi’s 2006-56 import volumes were estimated using a regression equation derivation
with 1960-2000 Corpus Christi imports as a function of U. S. imports. The t value and F statistic
for the equation are significant at the 99.9 percent level and the R square is .93. Figure 1 shows

the trendlines for U. S. and Corpus Christi crude oil imports.




Figure 1
U. S. and Corpus Christi Crude Petroleum Imports 1960-2000 (short tons)

60,000
50,000 -
40,000
30,000 -
20,000 -
10,000
0 =
< oy A~y el [¢%e] <o o3 <t O 00 [ow ol <3 \O o0 <o o <t \O o0 <O
D O O O O o~ o~ o~ o~ [ee] o0 o0 o0 o0 (@)} N N N N Q
88388595 5533888888 388 3 & 8
[ —+—U. S. Crude Oil Imports, short tons * 1.0E-03
i —&-— Corpus Christi Crude Oil Imports, 1000’s of short tons

Table 2 displays the U. S. Corpus Christi tonnage forecasts. The 99 percent confidence interval
associated with the estimated equation shown in Table 2 represents a relatively narrow upper and
lower band of import levels. The standard error of the y estimate showed that Corpus Christi
estimated tonnage is well within one standard error of the y estimate.

Petroleum Product Import Forecast

Table 3 presents Corpus Christi and U. S. petroleum import and export tonnage data. Corpus
Christi refined products imports increased from an average of 4,863,000 short tons for the period
1981-90 to 8,335,000 for the period from 1991-00. In 2000, Corpus Christi imports were up by
27 percent from 1999 and U. S. levels were up 13 percent. Distribution of Corpus Christi and U.
S. 1990-2000 product imports by major group 1s displayed in Table 4. Analysis of the historical
national and regional product import volumes showed that, on average, study area imports
increased at a higher rate than the national average. Regional growth was significantly higher
for the 1981-90 period than between 1991-00. In recent years, regional growth has slowed and is




Table 2
Corpus Christi Crude Petroleum Import Tonnage Forecast (1998-2056)
1000’s of Short Tons

Corpus Christi Crude Petroleum Imports

U. S. Imports 95% Confidence Interval
EIA Base
Reference Case Lower Upper
Year Forecast Imports a/ Range Range
1998 476,638 33,931 33,931 33,931
1999 477,999 34,049 34,049 34,049
2000 484,584 35,121 35,121 35,121
2006 570,286 42,037 32,601 51,474
2016 674,092 51,023 40,414 61,631
2025 709,060 54,050 45,835 62,264
2026 719,939 53,093 42,216 63,970
2036 838,342 55,247 44,098 66,398
2046 976,218 57,488 46,063 68,917
2056 1,136,769 59,821 48,117 71,532
Average Annual Growth Rates
2000-2025 1.5% 1.7% 1.1% 2.3%
2000-2056 1.5% 1.0% 0.6% 1.3%

Corpus Christi Crude Petroleum Imports = f(U. S. Imports) 1960-2000
Regression Equation Output

Multiple R 0.959

R Square 0.919

Adjusted R Square 0.917

Standard Error 3,512

Observations 40

Analysis of Variance Table
df SS MS F Statistic Significance F
Regression 1 S3E+09  5.3E+09 4.3E+02 2.4E-22
Residual 38 4.7TE+08  1.2E+07
Total 39 5.8E+09
Coefficients Standard Error t Stat Lower 95% Upper 95%

Intercept -7327 1105 -6.6 -9564 -5090
U. S. Imports 0.087 0.004 20.8 0.078 0.095

a/ Corpus 2006 imports = -7327 + (U. S. 2006 Imports in BTUs * .087). The EIA 1998-2000, 2005, 2010,
2020 and 2025 respective import volumes are 18.9, 19.0, 19.7, 20.3, 22.3, 25.1, 26.9, 27.6, and 28.5

quadrillion Btu per year. The corresponding short tons equivalents are 476, 478, 490, 556, 570, 626, 688,
and 709 thousand, respectively.

b/ The 2020-2025 growth rate of 2.9% was used to estimate gross domestic product for 2025-56.
Source: Application of the U. S. Department of Energy (DOE/EIA), 2003 Annual Energy
Outlook, reference case forecast, January 2003.
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Table 3

U. S. and Corpus Christi 1965-2000 Petroleum Products
Imports and Exports (1000’s of short tons)

United States a/ Corpus Christi b/
Year Imports Exports Imports Exports
1960 43,843 10,614 444 141
1965 67,252 10,070 148 2
1970 114,617 13,409 29 1
1975 106,732 11,133 55 67
1980 90,304 14,136 287 73
1981 87,483 20,062 666 290
1982 88,896 31,658 1,717 1,097
1983 94,197 31,459 3,705 1,293
1984 110,304 29,651 4,655 1,444
1985 102,095 31,556 4,776 1,143
1986 111,895 34,496 6,187 1,675
1987 109,622 33,536 5,287 1,952
1988 125913 36,232 6,135 1,844
1989 121,297 39,233 7,389 1,631
1990 116,152 40,918 8,112 1,901
1991 100,899 48,402 7,913 2,813
1992 98,999 47,226 8,441 2,393
1993 100,298 49,479 7,316 2,774
1994 105,742 46,142 10,527 2,451
1995 87,816 46,755 7,818 2,042
1996 108,170 47,762 8,350 3,092
1997 106,470 49,001 8,388 3,241
1998 109,760 45,659 7,495 2,815
1999 116,340 44,960 7,627 2,699
2000 131,160 54,307 9,702 3,112
2001 139,390 52,441 8,304 3,483
1981-90 Average 106,785 32,880 4,863 1,427
1991-00 Average 106,565 47,754 8,335 2,667
% Change -0.2% 45% T1% 87%
Average Annual Growth Rate
1981-90 3.2% 8.2% 32.0% 23.2%
1991-00 3.0% 1.3% 2.3% 1.1%

a/ U. S. Department of Energy, Energy Information Administration, January 2003.
b/ USACE, Waterborne Commerce of the United States, 1965-2000, Part 2.



Table 4
Corpus Christi and United States
Major Petroleum Product Imports (1000’s of short tons)

Corpus Christi Petroleum Product Foreign Imports, Major Groups

1990 1995 1996 1997 1998 1999 2000

Gasoline 0 0 0 0 0 0 96
Kerosene 0 0 0 60 141 142 0
Naphtha & solvents 1,940 1,964 5410 5719 4610 2,846 1,129
Distillate fuel oil 0 228 196 195 711 2487 1,608
Residual fuel oil 4,824 4846 1,973 1,415 1,017 1,315 5,024
Lube oil 1,228 780 728 999 957 835 1,794
Sub-group total 7,992 7,818 8307 8,388 7,436 7,625 9,651
Total Product Imports 8,112 7,818 8350 8,388 7495 7,627 9,652
Sub-group % 99% 100%  99%  100% 9%  100%  100%

United States Petroleum Product Foreign Imports, Major Groups a/
1990 1995 1996 1997 1998 1999 2000

Gasoline 19,156 12,121 21,522 19,802 16,077 17,260 24,367
Kerosene 4,134 4,102 4,304 5,087 5,674 6,317 7,383
Naphtha & solvents 14,034 11,140 15,497 14,131 12,572 14,329 17,999
Distillate fuel o1l 14,477 14,509 17,774 16,986 21,543 24,179 21,294
Residual fuel oil 44,035 29,113 30,940 29,844 32,676 33,040 40,711
Lube oil 13,298 10,738 9,758 11,390 11,780 10,224 9,118
Sub-group total 109,134 81,724 99,794 97,240 100,321 105,348 120,873
Total Product Imports a/ 116,152 87,816 108,170 106,470 109,760 116,340 131,160
Sub-group % 94% 93%  92% 91% 91% 91% 92%

Source: U. S. Army Corps of Engineers, Waterborne Commerce of the U. S., 1990-2000,
and U. S. Department of Energy, Energy Information Administration.

generally comparable to national growth patterns. In spite of the recent plateau in national
growth, with a .2 percent decline between the 1981-90 and 1991-00 averages (Table 2), the EIA
is projecting future growth in refined product import volumes. Projected demand is expected to
outpace anticipated refinery capacity expansions. The EIA notes that in spite of seeming
stability in product imports, significant structural shifts occurred over the last few decades in the
mix of products that the U. S. imports. Residual fuel oil imports are projected to decline and be
replaced by unfinished gasoline and gasoline blending components. The EIA is forecasting
increases in petrochemical feedstock imports, such as naphtha and gas oils. It is noted that the

Gulf Coast imports significant amount of feedstock to support its role as the main U. S. refining



and petrochemical center. The EIA reference forecast shows imports of gross refined products,
which includes blending components, increasing from 1.32 million barrels per day in 2000 to
5.32 million barrels per day in 2025. The forecast shows unfinished product imports, other than
crude oil, increasing from 1.05 million barrels per day in 2000 to 2.51 million barrels per day in
2025.

The EIA forecasted growth is expected to effect imports of naphtha, distillate fuel oil, and
kerosene. Corpus Christi oil company transportation analysts verified that an increase in refined
product imports would be necessary to meet processing needs and associated demand. Refined
products are expected to comprise a low of 29 percent to a high of 39 percent of net petroleum
imports in 2025, as compared to 19 percent in 2000. The EIA noted that falling demand for
petroleum and the deregulation of the domestic refining industry in the 1980s led to 13 years of
decline in U. S. refinery capacity. During the late 1990s, domestic distillation capacity
increased. It was noted in the 2002 Annual Energy Outlook (AEO) that financial and legal
constraints would make it unlikely that anticipated refinery expansion can met future demand;
~ however, it is noted in the 2003 AEO, released January 2003, that additions at existing refineries
are expected to increase total U.S. refining capacity. The EIA notes that distillation capacity is
projected to grow from the 2001 year-end level of 16.8 million barrels per day to 19.8 million
barrels per day in 2025 in the reference case, 19.6 million barrels per day in the low economic
growth case, and 20.4 million barrels per day in the high growth case, compared with the 1981
peak of 18.6 million barrels per day. Almost all the capacity additions are projected to occur on
the Gulf Coast. Existing refineries are expected to continue to be utilized intensively (91 to 95
percent of operable capacity) throughout the forecast. The 2001 utilization rate was 93 percent,
well above the lows of 69 percent during the 1980s and 88 percent during the early 1990s but
consistent with capacity utilization rates since the mid-1990s. Additional “downstream”
processing units are expected to allow domestic refineries to produce less residual fuel, which
has a shrinking market, and more of the higher value “light products,” such as gasoline, distillate,
jet fuel, and liquefied petroleum gas.

Table 5 summaries U. S. crude petroleum refinery data for the period 1965-2000. The data
presented in Table 5 shows that refinery utilization increased in the nineteen nineties after
several years of decline. The U. S. Gulf Coast leads the nation in refinery capacity, with more
than twice the crude oil distillation capacity. The Gulf Coast is the nation’s leading supplier in

refined products. Products, such as gasoline, heating oil, diesel, and jet fuel, are transported

10



from the Gulf Coast to the East Coast and the Midwest.  As of January 2001, Texas petroleum

refineries were operating at 99.3 percent of capacity. In calendar year 2000, Texas Gulf Coast

capacity was 93.4. Data presented in the Petroleum Supply Annual shows that in 1999 Texas

refinery atmospheric crude oil distillation capacity was 4,282,430 barrels per day and operating

capacity 4,265,430. Fifteen percent of Texas crude oil refinery capacity is presently located in

Corpus Christi.
Table 5
United States 1965-1999
Refinery Capacity and Utilization
Operable
Number of Refinery Gross Input to Refineries
Operating Capacity Distillation Utilization
Year Refineries Barrels/Day Barrels/Day Rate
1965 293 10,419,851 9,535,395 91.5%
1970 276 12,021,273 11,491,018 95.6%
1975 279 14,960,710 12,873,296 86.0%
1980 319 17,988,121 13,802,736 76.7%
1985 223 15,658,769 12,137,936 77.5%
1990 205 15,571,966 13,579,314 87.2%
1991 202 15,675,627 13,477,804 86.0%
1992 199 15,696,155 13,607,175 86.7%
1993 187 15,120,630 13,820,256 91.4%
1994 179 15,034,160 14,000,343 93.1%
1995 175 15,434,280 14,087,230 91.3%
1996 170 15,333,450 14,344,353 93.5%
1997 164 15,451,785 14,804,822 95.8%
1998 163 15,711,000 15,079,207 96.0%
1999 159 16,261,290 15,052,213 92.6%
2000 158 16,510,000 15,310,000 92.6%
1980-90 Average 249 16,406,285 13,173,329 80.5%
1990-00 Average 178 15,618,213 14,287,520 91.5%
% Change -28% -5% 9% 14%

Source: U. S. Department of Energy, Energy Information Administration, Annual Energy
Outlook, 2003, website data.

Table 6 presents Corpus Christi’s 2006-56 petroleum product import forecast. The forecast was

estimated using a regression equation with 1960-2000 Corpus Christi petroleum product imports

as a function of U. S. petroleum product imports and U. S. gross domestic product.

variables, such as petroleum production, and energy consumption were tested; however, the
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