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EXECUTIVE SUMMARY 
 
METROPOLITAN TRANSPORTATION AUTHORITY 
BRIDGES AND TUNNELS 
 
CAPITAL PROJECT PLANNING AND COST 
ESTIMATION 

 
SCOPE OF AUDIT 

 
etropolitan Transportation Authority (MTA) Bridges and Tunnels (B&T) 
operates seven bridges and two traffic tunnels in New York City.  Vehicles 

using these facilities are charged tolls that support B&T’s operating expenses 
and capital program.  The capital program is implemented through five-year 
capital plans and the capital plan for 2000 - 2004 is budgeted at $1 billion. B&T’s 
engineers identify individual projects for possible inclusion in the Capital Plans 
and try to develop general work plans, including cost estimates, for each 
proposed project.  
 
Once the Capital Plan is approved by the MTA Board of Directors, design 
consultants help B&T to finalize work plans and cost estimates for each project 
on the plan and to prepare bid specifications.  After a contract has been awarded 
for a project and work on the project has begun, the contract may be amended to 
address the need to perform unplanned work or to purchase additional quantities 
of an item.  In such instances, a change order is issued for the additional work 
and/or additional purchases, and the contractor is usually paid an additional 
amount.   
 
Our audit addressed the following questions about the process used by B&T in 
planning individual capital projects for the period January 1, 1992 through July 
31, 2004:  
 

• Did B&T accurately determine a final cost estimate for the individual 
capital projects?  

 
• Could B&T have reduced the number of change orders through better 

planning practices?  
 

• Did B&T follow its prescribed cost estimation procedures?   
 
 
 

M 
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AUDIT OBSERVATIONS AND CONCLUSIONS 
 

hen final cost estimates are accurately prepared in accordance with B&T’s 
procedures, there is increased assurance that contract proposals can be 

properly evaluated and projects can proceed with reasonably reliable budgets. 
We found that B&T’s final cost estimates for its capital projects could be more 
accurate and the number of change orders on the projects could be reduced if 
improvements were made in B&T’s practices.    
 
We analyzed the accuracy of B&T’s final cost estimates for all the capital projects 
that were both begun and completed during our audit period as well as a small 
number of ongoing projects.  B&T uses ten percent as a threshold for assessing 
whether estimates were reasonably accurate indicators of bids and costs.  We 
found that B&T underestimated the cost of many of the projects by 10 percent or 
more.  B&T also overestimated the cost of some projects by 10 percent or more. 
Overall B&T’s project costing was not significantly affected by the inaccurate 
estimates, because the underestimated amounts were largely offset by the 
overestimated amounts. However, B&T may not always be as fortunate in the 
future.  The exceptions we found were not isolated to any particular B&T 
personnel.  We recommend that B&T develop a plan for improving the accuracy 
of its final cost estimates.  (See pp. 15 - 19) 
 
To determine whether change orders on B&T’s capital projects could have been 
reduced through better planning practices, we reviewed the documentation 
relating to 104 change orders from six projects.  We did not take exception to 62 
of the change orders.  However, 42 of the 104 change orders could have been 
avoided if better planning practices had been used by B&T.  Specifically, 28 
change orders resulted from deficiencies in defining the scope of the project or 
surveying the work site; eight change orders resulted from errors in final cost 
estimates or project designs; three change orders resulted from differences 
between B&T’s “as-built” drawings (such as blueprints) and actual work site 
conditions; and three change orders resulted from other types of planning 
weaknesses.  (See pp. 21 - 27) 
 
For example, because B&T engineers planning a structural rehabilitation project 
for the Throgs Neck Bridge did not perform an actual on-site survey of the bridge, 
they failed to note that some of the bridge’s steel components were deteriorating.  
The deterioration was detected when pedestrians reported that loose rust was 
falling from the bridge onto a nearby parking lot.  Since a contract had already 
been awarded for the project, the project scope had to be expanded through 
change orders to enable the steel components to be treated and painted.  The 
cost of this additional work ($5.1 million) might have been lower if the work had 
been included in the original project specifications, because then the work would 
have been subject to competitive bidding.  We recommend that a quality 
assurance process be established for the survey and design phases of B&T’s 
capital projects.  (See p. 24) 
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We also found that B&T usually follows the final cost estimation procedures 
contained in its Engineering and Construction Manual. However we found that 
other procedures are not always followed; e.g., reviews by the manager of cost 
estimates.  In particular, the cost estimating practices of B&T’s design 
consultants are not always reviewed for appropriateness, as is required by the 
Manual.  We believe the accuracy of B&T’s cost estimates could be improved if 
this review was always performed.  (See pp. 29 - 32) 
 

COMMENTS OF MTA - B&T OFFICIALS 
 

 draft copy of this report was provided to Metropolitan Transportation 
Authority and Bridge and Tunnel officials for their review and comment.  

Their comments were considered in preparing this final report.   
.   
 

 

A 
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INTRODUCTION 

 
Background 

 
he Metropolitan Transportation Authority (MTA) is a public 
benefit corporation providing transportation services in and 

around the New York City metropolitan area.  The MTA consists 
of various constituent agencies, each providing different 
transportation services.  One of these constituent agencies, 
Bridges and Tunnels (B&T), operates a total of seven bridges 
and two traffic tunnels in New York City, as follows:  
 

Facility Year Opened 
Triborough Bridge 1936 
Henry Hudson Bridge 1936 
Marine Parkway-Gil Hodges Memorial Bridge 1937 
Cross Bay Veterans Memorial Bridge 1937 
Bronx-Whitestone Bridge 1939 
Throgs Neck Bridge 1961 
Verrazano-Narrows Bridge 1964 
Queens Midtown Tunnel 1940 
Brooklyn-Battery Tunnel 1950 
 
Each day, B&T’s facilities are used by more than 820,000 
vehicles.  These vehicles are charged tolls by the facilities and 
the resulting toll revenues support B&T’s operating expenses 
and capital program.  In addition, surplus toll revenues help 
support the operations of the MTA’s other constituent agencies.  
According to the MTA, more than $10 billion in surplus toll 
revenues have been made available to the other agencies since 
1968, when B&T (also known as the Triborough Bridge and 
Tunnel Authority) was made part of the MTA.   
 
B&T has an ongoing capital program for its nine facilities.  For 
the period 1992-1999, B&T budgeted about $1.1 billion for 
capital projects.  As of January 2004, B&T’s expenditures on 
these projects totaled about $1.1 billion, and some of the 
projects were still ongoing.  For the period 2000-2004, B&T 
budgeted an additional $1 billion for capital projects.  As of 
January 2004, B&T’s expenditures on these projects totaled 
about $381 million, and many of the projects were still ongoing 
(completed projects totaled $51 million).   
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B&T conducts long-range planning to identify future capital 
needs and updates its capital plan annually to reflect current 
needs.  The planning is performed by B&T engineers, who 
identify individual projects for possible inclusion in the capital 
plan and develop general work plans for each proposed project.  
The projects are identified on the basis of in-house inspections 
and surveys, and in response to biennial bridge inspections 
performed by the New York State Department of Transportation.  
The work plans include a cost estimate for each project.  All 
proposed projects must be submitted for approval to the B&T 
Capital Program Review Committee.  Projects approved by the 
Committee are included in B&T’s capital plan, which covers a 
period of five years, and the capital plan must be approved by 
the MTA Board of Directors.   
 
Once the capital plan is approved by the MTA Board of 
Directors, design consultants are hired for each individual 
project on the plan.  The design consultants help B&T finalize 
the work plans for each individual project, develop final detailed 
cost estimates, and prepare bid specifications. The 
specifications are used to solicit bids from construction 
contractors in a competitive procurement process.  This process 
is administered by B&T’s Procurement Department.  Generally, 
a total of at least three significant contracts are awarded for 
each project: a contract with the design consultant, a contract 
with the construction contractor, and a contract with a firm for 
project management.   
 
The B&T engineer assigned to the project must provide the 
Procurement Department with a certified Engineer’s Final 
Estimate of project cost (Engineer’s Final Estimate) five 
business days prior to the bid opening for the construction 
contract (the design consultant may assist in the preparation of 
the Engineer’s Final Estimate).  When the bids are opened, 
B&T’s Engineering and Construction Department uses the 
Engineer’s Final Estimate to assess the reasonableness of the 
bids.  If the low bid is 10 percent (or more) higher or lower than 
the Engineer’s Final Estimate, the bid is formally analyzed.  The 
purpose of the bid analysis is to determine whether the bidder 
has a proper understanding of the project, and if so, whether the 
Engineer’s Final Estimate did not properly take into account all 
the factors affecting project cost.   
 
The bid analysis is performed by B&T’s Manager of Cost 
Estimating.  This individual has overall responsibility for B&T’s 
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cost estimation process, overseeing both the more general cost 
estimates developed for proposed projects and the more 
detailed cost estimates developed for approved projects.  The 
Manager of Cost Estimating is responsible for determining the 
technical specifications affecting a project’s cost estimates, 
reviewing how estimates are affected by revisions in work 
scope, assessing the adequacy of the design consultant’s cost 
estimating procedures, and evaluating the appropriateness of 
the criteria used in estimating the various cost components (i.e., 
labor, material, equipment, overhead, profit and escalation 
rates).  Detailed procedures and guidelines for the cost 
estimation process are contained in B&T’s Engineering and 
Construction Manual, and B&T engineers and design 
consultants are expected to follow these procedures and 
guidelines.   
 
If B&T’s evaluation of the bids indicates that a construction 
contract can be awarded to a qualified bidder at an acceptable 
price, a contract is awarded and work on the project proceeds.  
If B&T determines, during the course of the project, that the 
contract must be modified to address the need to perform work 
that was not included (or was not adequately included) in the 
project specifications, a change order is issued.  Change orders 
are formal contract modifications/amendments that are agreed 
upon by both the contractor and the contracting party.  
Generally, the contractor is paid an additional amount to 
perform additional work.  According to B&T procedures, change 
orders may be competitively bid or awarded to the existing 
contractor.   
 

Audit Scope, Objectives and Methodology 
 

e examined the process used by B&T in planning 
individual capital projects for the period January 1, 1992 

through July 31, 2004.  The objectives of our performance audit 
were to determine whether B&T (1) accurately estimated the 
final cost of individual projects, (2) could have reduced the 
number of change orders through better planning practices, and 
(3) complied with the cost estimation procedures contained in 
the Engineering and Construction Manual.   
 
To accomplish our objectives, we interviewed B&T officials, 
reviewed B&T records, and visited seven B&T facilities (the 
Throgs Neck Bridge, the Bronx-Whitestone Bridge, the 
Triborough Bridge, the Henry Hudson Bridge, the Verrazano-
Narrows Bridge, the Marine Parkway-Gil Hodges Memorial 
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Bridge and the Queens Midtown Tunnel).  In addition, we 
judgmentally selected a sample of 41 capital projects and 
analyzed the accuracy of B&T’s final cost estimates for these 
projects.  Our sample consisted of all 37 projects begun by B&T 
after January 1, 1992 and closed out before July 31, 2004, and 
4 of the 70 open projects begun after January 1, 1997.  We also 
judgmentally selected a sample of six capital projects and 
examined detailed documentation relating to the final cost 
estimates and change orders for the projects.  This sample 
consisted of 2 of the 37 projects begun by B&T after January 1, 
1992 and closed out before July 31, 2004, and 4 of the 70 open 
projects begun after January 1, 1997.  Additional details about 
our sampling methodology are provided later in this report.   
 
We conducted our audit in accordance with generally accepted 
government auditing standards.  Such standards require that we 
plan and perform our audit to adequately assess those 
operations that are within our audit scope.  Further, these 
standards require that we understand B&T’s internal control 
structure and compliance with those laws, rules and regulations 
that are relevant to our audit scope.  An audit includes 
examining, on a test basis, evidence supporting transactions 
recorded in the accounting and operating records and applying 
such other auditing procedures as we consider necessary in the 
circumstances.  An audit also includes assessing the estimates, 
judgments and decisions made by management.  We believe 
our audit provides a reasonable basis for our findings, 
conclusions and recommendations.   
 
In addition to being the State Auditor, the Comptroller performs 
certain other constitutionally and statutorily mandated duties as 
the chief fiscal officer of New York State, several of which are 
performed by the Division of State Services.  These include 
operating the State’s accounting system; preparing the State’s 
financial statements; and approving State contracts, refunds, 
and other payments.  In addition, the Comptroller appoints 
members to certain boards, commissions and public authorities, 
some of whom have minority voting rights.  These duties may 
be considered management functions for purposes of evaluating 
organizational independence under generally accepted 
government auditing standards.  In our opinion, these 
management functions do not affect our ability to conduct 
independent audits of program performance.   
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Response of MTA - B&T Officials to Audit 
 

 draft copy of this report was provided to MTA - B&T officials 
for their review and comment.  Their comments were 

considered in preparing this final report, and are included as 
Appendix B.  In Addition, the State Comptroller’s Notes to MTA - 
B&T’s response are included as Appendix C.  Responding to 
our draft audit report, MTA - B&T officials generally agreed with 
our recommendations and indicated they will implement them to 
improve their processes.   
 
Within 90 days after the final release of this report, as required 
by Section 179 of the Executive Law, the Chairman of the 
Metropolitan Transportation Authority shall report to the 
Governor, the State Comptroller and the leaders of the 
Legislature and fiscal committees, advising what step were 
taken to implement the recommendations contained herein, and 
where recommendations were not implemented, the reasons 
therefor. 
 
  

A 
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COST ESTIMATES FOR INDIVIDUAL PROJECTS 

 
e analyzed the accuracy of B&T’s final  cost estimates for 
all the capital projects that were both begun and 

completed during our audit period, as well as a small number of 
ongoing projects.  B&T uses ten percent as a threshold for 
assessing whether estimates were reasonably accurate 
indicators of bids and costs.  We found that B&T 
underestimated the cost of many of the projects by 10 percent 
or more.  B&T also overestimated the cost of some projects by 
10 percent or more.  B&T’s overall project costing was not 
significantly affected by the inaccurate estimates, because the 
underestimated amounts were largely offset by the 
overestimated amounts.  However, B&T may not always be as 
fortunate in the future.  The exceptions we found were not 
isolated to any particular B&T personnel.  We recommend that 
B&T develop a plan for improving the accuracy of its cost 
estimates.  
 
In the contract award process, B&T relies on the Engineer’s 
Final Estimate when it assesses bids to determine whether they 
appear to be unreasonably high or unreasonably low.  If the 
Engineer’s Final Estimate is not reliable, B&T’s bid assessments 
may not be reliable.  To determine whether B&T’s cost 
estimates for individual projects were reasonably accurate, we 
analyzed the accuracy of the estimates for a sample of projects.  
In the performance of our analysis, we reviewed the Engineer’s 
Final Estimate, because this cost estimate is developed at the 
end of the planning process and is thus B&T’s most accurate 
and complete estimate of project cost.  Estimates of project cost 
are also developed earlier in the planning process, but these 
earlier estimates are refined as planning progresses and the 
scope of individual projects is defined in greater detail.   
 
We selected a sample of 41 projects for analysis.  Our sample 
included all 37 projects begun by B&T after January 1, 1992 and 
closed out before July 31, 2004.  In addition, we judgmentally 
selected 4 of the 70 projects that were (a) open as of July 31, 
2004 and (b) begun after January 1, 1997.  In selecting the four 
open projects, we reviewed those with large project scopes, a 
relatively high number of change orders, and a relatively high 
dollar amount for the change orders.   
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For each project in our sample, we compared the Engineer’s 
Final Estimate to (1) the construction contract awarded for the 
project and (2) the actual cost of the project.  If the contract 
award amount was within 10 percent of the Engineer’s Final 
Estimate, we considered the Engineer’s Final Estimate 
reasonably accurate.  Similarly, if the final cost was within 10 
percent of the Engineer’s Final Estimate, we considered the 
Engineer’s Final Estimate reasonably accurate.   
 
We found that relatively few of the Engineer’s Final Estimates in 
our sample were within 10 percent of either the contract award 
amount or the actual project cost.  Specifically, only 11 of the 41 
cost estimates were within 10 percent of the contract award 
amount, and only 8 of the 41 cost estimates were within 10 
percent of the actual cost.  Generally, the cost estimates were 
too low, as 24 of the estimates were at least 10 percent lower 
than the contract award amount (ranging from 13.4 percent to 
299.6 percent lower), and 28 of the estimates were at least 10 
percent lower than the actual project cost (ranging from 10.0 
percent to 239.6 percent lower).   
 
For example, in a project involving the Triborough Bridge 
(Project 32 in the following tables), the Engineer’s Final 
Estimate for the project was $12,757,572, the winning bidder 
was awarded a contract of $18,515,977, and the actual cost of 
the project was $17,984,229.  In this instance, the contract 
award amount exceeded the Engineer’s Final Estimate by 45.1 
percent, and the actual cost of the project exceeded the 
Engineer’s Final Estimate by 41.0 percent.   
 
The following tables summarize the results of our two 
comparisons for all 41 projects in our sample.  The projects are 
stratified on the basis of project size, so that the first table 
shows the projects costing less than $5 million, the second table 
shows the projects costing between $5 million and $20 million, 
and the third table shows the projects costing more than $20 
million.   
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Projects Costing Less Than $5 Million 
 

 

Project 
Number 

Engineer's 
Final Estimate 

Contract 
Award Amount 

Actual Project 
Cost 

Variance 
Between 
Estimate 

and 
Contract 

Variance 
Between 
Estimate 

and Actual 
Cost  

1 TB-06 $    48,300.00 $    65,491.00 $    49,713.50 35.60% 2.93% 

2 BB-29 235,000.00 292,208.00 243,134.93 24.30% 3.46% 

3 TB-44 80,000.00 289,944.00 271,718.69 262.40% 239.65% 

4 BW-05 332,240.00 390,060.00 360,119.96 17.40% 8.39% 

5 QM-03 179,959.00 471,138.00 396,402.13 161.80% 120.27% 

6 QM-07 250,000.00 384,153.00 403,697.89 53.70% 61.48% 

7 TB-33 375,000.00 406,167.00 426,122.25 8.30% 13.63% 

8 BB-02 188,681.00 581,782.52 439,712.43 208.30% 133.05% 

9 BB-44 450,000.00 520,810.00 516,504.17 15.70% 14.78% 

10 VN-80 296,598.00 1,185,306.00 779,779.73 299.60% 162.91% 

11 QM-06 697,372.00 798,545.23 854,133.69 14.50% 22.48% 

12 BB-05 665,972.00 827,713.00 854,779.21 24.30% 28.35% 

13 BW-06 1,404,722.00 1,624,196.32 1,607,955.33 15.60% 14.47% 

14 BW-23 1,521,075.00 1,755,719.03 1,861,314.58 15.40% 22.37% 

15 
AW-
80/36/34 1,514,838.00 1,953,579.00 2,055,219.17 29.00% 35.67% 

16 TN-45 1,882,205.00 1,823,306.81 2,277,288.55 -3.10% 20.99% 

17 AW-29 2,136,547.77 2,179,795.00 2,467,559.95 2.00% 15.49% 

18 TN-09 2,903,071.00 3,405,854.77 3,836,341.58 17.30% 32.15% 

19 AW-19 2,562,388.24 3,423,154.00 3,841,463.29 33.60% 49.92% 

20 QM-05 5,243,597.00 3,829,674.30 4,356,022.70 -27.00% -16.93% 

 Totals  $22,967,566.01 $26,208,596.98 $27,898,983.73 14.11% 21.47% 
 

Legend: AW - Agencywide                     BB - Brooklyn-Battery Tunnel             BW - Bronx-Whitestone Bridge 
               HH - Henry Hudson Bridge      QM - Queens Midtown Tunnel            TB -Triborough Bridge 
               TN - Throgs Neck Bridge         VN - Verrazano-Narrows Bridge 
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Projects Costing Between $5 Million and $20 Million 
 

 

Project 
Number 

Engineer's 
Final Estimate 

Contract 
Award Amount 

Actual Project 
Cost 

Variance 
Between 
Estimate 

and 
Contract 

Variance 
Between 
Estimate 

and Actual 
Cost 

21 AW-11 $  7,926,703.00 $  7,411,008.17 $  5,880,483.87 -6.50% -25.81% 

22 VN81-401 5,374,104.00 7,469,608.03 7,730,815.86 39.00% 43.85% 

23 TN-20 9,727,942.00 8,213,144.00 8,655,644.92 -15.60% -11.02% 

24 QM-17A 8,770,271.28 9,231,032.40 9,648,766.61 5.30% 10.02% 

25 TN-34 7,309,579.00 8,815,881.70 10,393,315.54 20.60% 42.19% 

26 BW-08 10,860,739.00  11,049,722.09 10,740,937.22 1.70% -1.10% 

27 TB-17 10,440,000.00 10,862,921.54 11,606,472.51 4.10% 11.17% 

28 HH-06 9,795,840.65 11,235,046.35 11,761,617.51 14.70% 20.07% 

29 BW-04 30,865,869.00  13,473,140.38 14,253,103.63 -56.30% -53.82% 

30 TN-46 10,892,831.00 13,607,394.00 14,364,312.35 24.90% 31.87% 

*31 VN-83 16,683,503.00 14,485,332.01 16,090,088.53 -13.20% -3.56% 

32 TB-41 12,757,572.27 18,515,976.75 17,984,229.07 45.10% 40.97% 

33 HH-01 12,165,978.00 15,839,065.10 19,664,425.90 30.20% 61.63% 

 **Totals $136,887,429.20 $135,723,940.51 $142,684,124.99 -0.85% 4.23% 
 
 
Projects Costing More Than $20 Million 
 

 

Project 
Number 

Engineer's 
Final Estimate 

Contract 
Award Amount 

Actual Project 
Cost 

Variance 
Between 
Estimate 

and 
Contract 

Variance 
Between 
Estimate 

and Actual 
Cost 

34 TB-13 $  20,004,596.00 $  18,872,787.86 $  20,355,178.86 -5.70% 1.75% 

35 TB-54 17,089,071.00 22,162,900.10 23,477,437.13 29.70% 37.38% 

36 HH-03 26,134,765.00 21,841,443.62 23,624,385.20 -16.40% -9.61% 

37 BW-10 26,434,589.00 24,959,701.85 25,155,208.15 -5.60% -4.84% 

38 VN-17 23,063,283.00 20,997,671.59 29,796,940.36 -9.00% 29.20% 

*39 TN-81 22,229,498.00 25,206,457.19 29,965,563.85 13.40% 34.80% 

*40 
BW-
82/A/B 238,739,860.00 202,747,199.03 55,654,662.34 -15.10% -76.69% 

*41 TB-63 129,076,000.00 138,903,372.75 148,213,915.16 7.60% 14.83% 

 **Totals  $112,726,304.00 $108,834,505.02 $122,409,149.70 -3.45% 8.59% 
 

**Grand Total   $272,581,299.21 $270,767,042.51 $292,992,258.42 -0.67% 7.49% 
 

Notes:   * - The four shaded projects were still in progress.  The costs shown for these projects had 
been incurred as of July 31, 2004. 

     ** - Totals do not include the four projects that were still in progress.   
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As is shown in the tables, B&T’s cost estimates were least 
accurate for the projects costing less than $5 million.  In four of 
the 20 projects, the estimating variance exceeded 100 percent 
and, in the aggregate, the 20 projects were underestimated by 
more than 10 percent (either 14.1 or 21.5 percent, depending on 
whether the Engineer’s Final Estimate is compared to the 
contract award amount or the actual project cost).   
 
The accuracy of the estimates improves in the projects costing 
more than $5 million, but for the most part, the estimates still 
were not within 10 percent of either the contract award amount 
or the actual project cost.  However, in the aggregate, the cost 
of these larger projects was neither underestimated nor 
overestimated to a significant degree, because the low 
estimates were generally offset by the high estimates.  As a 
result, B&T’s overall project costing was not significantly 
affected by the inaccurate estimates in our sample.  The 
underestimated amounts were largely covered by the 
overestimated amounts. 
 
However, B&T may not always be as fortunate in the future.  Its 
significantly low estimates (i.e., more than 10 percent low) may 
not be offset by significantly high estimates.  We therefore 
recommend that B&T develop a plan for improving the accuracy 
of its cost estimates.  As part of this plan, B&T should contact 
other design and construction agencies to identify best practices 
for capital project cost estimation, and monitor its progress in 
improving the accuracy of its cost estimates.  If the estimates 
were more accurate, B&T officials would have greater 
assurance their bid assessments were reliable. 
 

 

Recommendation 
 

1. Develop a comprehensive action plan for improving the 
accuracy of the cost estimation process, and monitor 
progress in improving the accuracy of the estimates. 

 
 (Responding to our draft audit report, B&T officials 

indicated they agree with our recommendation.) 
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CHANGE ORDERS 

 
e examined a sample of change orders at six capital 
projects and found that, if better planning practices had 

been used by B&T, many of the change orders could have been 
avoided.  In addition, in a project not included in our sample, 
B&T may not have held a design consultant sufficiently 
accountable for costly design errors.   
 

Potentially Avoidable Change Orders 
 

apital projects are complex undertakings involving 
numerous interrelated components.  If the cost of such 

projects is to be accurately estimated, the nature and scope of 
the work that is to be performed must be fully and accurately 
identified.  To some extent, this work can be identified through 
an appropriate planning process, but a thorough assessment of 
the work site also must be performed to identify the actual 
conditions affecting each particular project.   
 
If project planning is not complete or the work site is not 
thoroughly assessed, unanticipated conditions are more likely to 
be encountered, and these unanticipated conditions may 
necessitate change orders to perform unanticipated work.  
Change orders can be costly, because they are not necessarily 
awarded through a competitive process that is designed to 
obtain the lowest price available; rather, they are often 
negotiated with the existing contractor to minimize the delays on 
an ongoing project.  In addition, such delays by themselves can 
lead to additional costs.  For these reasons, an effort should be 
made to minimize change orders through effective planning 
practices.  While some change orders are unavoidable, 
especially when projects are unusual in nature or particularly 
complex, other change orders can be avoided if appropriate 
planning practices are used.   
 
To determine whether the number of change orders on B&T’s 
capital projects could be reduced through better planning 
practices, we examined selected change orders from six 
projects.  We randomly selected 2 of the 37 projects begun by 
B&T after January 1, 1992 and closed out before July 31, 2004, 
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and judgmentally selected 4 of the 70 open projects begun after 
January 1, 1997 (the same four projects that were selected for 
our analysis of cost estimates).  As is summarized in the 
following table, as of August 31, 2004, a total of 200 change 
orders had been issued on the six projects:   
 

 
* This project was completed, but not closed out, as some payment claims 

had not been settled.   
** This project has two parts; one part is 99 percent complete, and the 

other part is 9 percent complete.   
 
We selected up to 20 change orders from each project, and 
reviewed the documentation maintained by B&T in relation to 
these change orders.  If a project had fewer than 20 change 
orders, we selected all of its change orders for review.  If a 
project had more than 20 change orders, we judgmentally 
selected 20 on the basis of their apparent risk, focusing on the 
change orders that appeared to present the greatest risk (such 
as those with higher dollar amounts).   
 
We selected a total of 104 change orders for review, and did not 
take exception to 62 of the change orders.  However, 42 of 
these 104 change orders might have been avoided if B&T’s 
planning practices had been more effective.  The results of the 
exceptions are summarized as follows:     

Cost (in Millions) Project 
No. Facility Contract 

Award 
Incurred 
to Date 

Percent 
Complete 

Change 
Orders 

QM-05 Queens Midtown Tunnel $3.83 $4.36 100 15
TN-81 Throgs Neck Bridge 25.21 29.97 69 17
VN-83 Verrazano-Narrows 

Bridge 
14.49 16.09 * 100 16

TN-20 Throgs Neck Bridge 8.21 8.66 100 18
TB-63 Triborough Bridge 138.90 148.21 99 104
BW-82 Bronx-Whitestone Bridge 202.75 55.65 ** 30
 Totals $393.39 $262.94  200
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Project 
No. Facility 

Number 
of Change 

Orders 
Reviewed 

Potentially 
Avoidable 

Change 
Orders 

Value of 
Potentially 
Avoidable 

Change 
Orders 

QM-05 Queens Midtown Tunnel 15   8 $   477,586
TN-81 Throgs Neck Bridge 17 11 5,638,473
VN-83 Verrazano-Narrows Bridge 16   5   927,400
TN-20 Throgs Neck Bridge *16   5    300,456
TB-63 Triborough Bridge 20 13 5,387,574
BW-82 Bronx-Whitestone Bridge 20 ** 0              0
 Totals 104 42 $12,731,489

* Two of the 18 change orders were for contract administration.  One had no 
value and one was for $22,407.00.  Due to the nature and value of these 
change orders we did not review the supporting documentation.  

** This project is different from the other five projects in our sample because 
of its unusual nature.  A new type of bridge deck is being designed, and 
because of the new methodology, numerous change orders are 
anticipated.  The planning for an unusual type of project cannot be as 
detailed as the planning for more common types of projects, and it did not 
appear that any of the change orders we reviewed could have been 
avoided through better planning.   

 
Specifically, we determined that these 42 change orders were 
the result of the following types of weaknesses in planning 
practices:  
 

• 28 change orders resulted from deficiencies in defining 
the scope of the project or surveying the work site;  

• 8 change orders resulted from errors in the design 
consultants’ cost estimates or project designs;    

• 3 change orders resulted from differences between 
B&T’s “as-built” drawings (such as blueprints) and the 
actual work site conditions; and   

•  3 change orders resulted from other types of planning 
weaknesses, such as a significant variance between the 
bid specifications and the project plans.   

 
We discussed each of these change orders in detail with B&T 
officials.  Following are examples of the planning weaknesses 
that we identified: 
 
• The work site for the Queens Midtown Tunnel project was 

not thoroughly surveyed before the project plans were 
developed.  In particular, cracks and brick separations along 
the interior walls and façade of the Queens Ventilation 
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Building were not identified during the survey phase of the 
project, which was performed by the B&T project manager 
and the design consultant.  To adjust the project plans and 
enable these defects to be repaired, five change orders 
costing $428,051 were issued and the project was extended 
for nine months.  The B&T project manager confirmed that 
the cracks and brick separations were not identified during 
the survey.  The project manager stated that 90 percent of 
the survey observations were made from a distance by 
binoculars, rather than by close examination.  We note that 
the design consultant was not held accountable for the faulty 
survey (i.e., the consultant’s fee was not reduced, as was 
permitted by the terms of the design contract).   

 
• During the survey phase of one of the Throgs Neck Bridge 

projects (Project TN-81), the B&T facility engineer and 
project manager observed no need to paint any of the 
bridge’s steel members.  However, after the project’s work 
plans were completed, pedestrians observed loose rust 
falling from the bridge’s steel members onto a college 
parking lot.  Two change orders, totaling $5.1 million, were 
issued to enable the steel members to be treated and 
painted.  When we asked the facility engineer and project 
manager why they had not noticed the deterioration in the 
bridge, they stated they “would not have seen or known of 
the condition, unless [it was] reflected in the [Department of 
Transportation’s] biennial bridge inspection report.”  We 
question why B&T staff would depend on an outside 
inspection when they were responsible for surveying the 
bridge for a B&T capital project.  We note that students and 
staff at the nearby college could have been endangered by 
this faulty survey.   

 
• The work plan for the Verrazano-Narrows Bridge project 

included full lane closures, because this was determined to 
be safer for the construction workers.  However, the full lane 
closures resulted in unforeseen traffic congestion, and as a 
result, three change orders costing $798,746 were issued to 
re-configure the lane closures and toll plazas.  We note that, 
since the Verrazano-Narrows Bridge has been in service for 
nearly 40 years, the effect of changes in traffic patterns 
could reasonably have been anticipated by project planners.  
We also note that, to some extent, project planning was 
undermined by a lack of coordination between B&T’s 
Operations Department and B&T’s Engineering and 
Construction Department.   
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• In the Triborough Bridge project, a number of change orders 

had to be issued because of errors in the design consultant’s 
designs and cost estimates.  For example, a change order 
costing $174,699 was issued because the design consultant 
omitted the estimated quantity for timber sheeting from part 
of the bid specifications.  In addition, a $230,000 change 
order was issued to correct a design error, as the floor beam 
in the original design would have interfered with traffic lanes 
on a ramp.  Two other change orders, totaling $324,790, 
were issued to correct another design error, as the contract 
required new footings and columns to be constructed prior to 
the demolition of the existing structure.  However, the 
footings could not be constructed until the existing structure 
had been demolished.  The design consultant was not held 
accountable for these errors.   

 
• In the Triborough Bridge project, five change orders totaling 

about $4 million were issued as a result of errors made by 
the design consultant and project engineer.  The pedestals 
in the original design were not high enough and had to be 
redesigned. As a result, additional steel had to be 
purchased.  Moreover, to accommodate the higher 
pedestals, additional demolition, excavation and backfilling 
were necessary.  Four of the change orders were issued 
because of errors that were made estimating the amount 
and cost of this additional demolition, excavation and 
backfilling.  For example, the lead contamination that had to 
be abated in the demolition was underestimated by nearly 
200 percent.  The design consultant was not held 
accountable for these errors.   

 
We conclude that the number of change orders on the projects 
that we reviewed probably could have been reduced through 
better planning practices.  Moreover, if actions were taken to 
address the planning weaknesses we identified, the number of 
change orders on future B&T projects could probably be 
reduced.  We recommend such actions be taken.   
 
The 42 potentially avoidable change orders that we identified 
cost a total of $12.7 million.  It should be noted that, while it is 
possible that the change orders could have been avoided 
through better planning practices, it is likely that at least some of 
the $12.7 million in additional costs could not have been 
avoided.  Since additional work had to be performed, additional 
costs had to be incurred.   
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However, it should not be assumed that the additional work 
would have cost just as much (the full $12.7 million) if it had 
been identified in the survey or design phase.  If the additional 
work had been identified before bids were solicited, the work 
would have been subject to competitive bidding, and thus may 
have been obtained at a lower price.  In instances where 
additional materials had to be purchased through change 
orders, greater volume discounts may have been available if the 
need for the materials had been identified at the beginning of 
the project when other materials were being purchased.  We 
therefore believe it is likely that some portion of the $12.7 million 
in additional costs could have been avoided through better 
planning practices.  We also note that, if B&T’s planning 
practices were improved, a reduction in change orders would 
not be the only benefit to be realized.   
 
To obtain a better understanding of the factors affecting the 
issuance of change orders on B&T projects, we visited seven of 
B&T’s nine facilities (the Throgs Neck Bridge, the Bronx-
Whitestone Bridge, the Triborough Bridge, the Henry Hudson 
Bridge, the Verrazano-Narrows Bridge, the Marine Parkway-Gil 
Hodges Memorial Bridge, and the Queens Midtown Tunnel) and 
discussed the matter with pertinent B&T officials.  The officials 
noted, and we verified through our own observations, that some 
bridge and tunnel areas are not easily accessible and could be 
quite difficult to review during the survey and design phases of a 
project.  We suggested that specialized equipment might be 
purchased to provide access to such areas, but B&T officials 
indicated such equipment would not be cost-effective and would 
not always be feasible.  They did indicate that arrangements 
have been made to construct several permanent 
inspection/access platforms in future capital projects, and stated 
that they will continue to evaluate the need for additional 
arrangements of this kind.   
 
We also learned that operating departments do not always 
modify a facility’s “as-built” drawings (such as blueprints) to 
reflect the modifications that are made to the facility in certain 
types of improvements (such as electrical rewiring or pipe 
installation).  Consequently, project specifications may be 
developed on the basis of inaccurate “as-built” drawings.  B&T 
officials indicated that the operating departments have been 
instructed to notify the Engineering and Construction 
Department when facilities are modified in this way and to 
update the “as-built” drawings.  However, additional corrective 
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action may be necessary.  We note that 3 of the 42 potentially 
avoidable change orders in our sample were caused by 
discrepancies between actual conditions at the work site and 
B&T’s “as-built” drawings.   
 

Compensation for Design Errors 
 

n our visit to the Marine Parkway Bridge, we learned of an 
instance in which B&T may not have held a design consultant 

sufficiently accountable for costly design errors.  Because of 
these errors, change orders costing $892,678 had been issued 
on a capital project at the Marine Parkway Bridge.  The design 
consultant significantly underestimated the number of expansion 
joints that were needed to construct a walkway, as the 
consultant estimated 28 would be needed, when in fact, 153 
were actually needed.  The error was serious because 
expansion joints are an integral part of a bridge; they 
accommodate the expansion and contraction of the roadway 
due to increases and decreases in temperature.  A significant 
amount of additional work had to be done to correct this error, 
and the project was significantly delayed.   
 
The design consultant also made errors in the bid quantities for 
certain electrical items, and these errors necessitated 
negotiation of additional quantities at higher unit prices during 
construction.  As was noted by the B&T engineer in a letter to 
the design consultant, “most of the errors in bid quantities are 
due to simple miscalculations and omissions which should not 
have been made by a normally competent Designer or should 
have been detected and corrected prior to bid by the Designer’s 
internal quality assurance measures.”   
 
To obtain compensation for these errors, B&T officials 
negotiated a settlement with the design consultant.  In the 
settlement, the design consultant agreed to provide $380,000 
worth of non-compensated services on another capital project at 
another facility (the Henry Hudson Bridge), and B&T officials 
agreed they would not attempt to recover any of the fees that 
were paid to the consultant for work on the Marine Parkway 
Bridge.   
 
We question whether this settlement was sufficient, since B&T 
recovered less than half the cost of the change orders 
($892,678) that resulted from the design consultant’s errors.  
We also question whether it was in B&T’s interest to obtain 
additional services, at any cost, from a firm that had just done 
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such a poor job on one of its projects.  In such circumstances, 
we recommend that B&T seek to recover the full amount of its 
losses and avoid further contractual relationships with the firm 
until such time as there is good reason to believe the firm’s 
performance has improved.   
 

Recommendations 
 
2. Establish a quality assurance process for the survey and 

design phases of capital projects.  As part of this 
process, review individual project plans to determine 
whether the work site was thoroughly surveyed, cost 
estimates are appropriate, and all factors that could 
reasonably be expected to affect project completion have 
been properly taken into account.  Also review the bid 
specifications to determine whether they are consistent 
with the project plan.   

 
 (B&T officials replied they agreed with the 

recommendation.) 
 
3. Hold the design consultant accountable when change 

orders are issued because of deficiencies in the 
consultant’s work.  If the deficiencies are severe enough 
to question the quality of the consultant’s performance, 
do not accept uncompensated services in lieu of financial 
penalties.   

 
 (Responding to our draft audit report, B&T officials 
 agreed with our recommendation of holding the designer 
 accountable for the additional costs of their errors, but 
 they took exception to our comment that the Authority did 
 not fully recover its costs. B&T officials did not 
 specifically respond to our recommendation not to accept 
 uncompensated services in lieu of financial penalties if 
 deficiencies are severe enough to question the quality of 
 performance.)   
 
4. Take action to improve the accuracy of “as-built” 

drawings.   
 
 (Responding to our draft audit report, B&T officials 

agreed with the recommendation.) 
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COMPLIANCE WITH COST ESTIMATION 
PROCEDURES 

 
he B&T Engineering and Construction Manual (Manual) 
contains detailed written procedures that are to be followed 

by B&T staff and design consultants in their planning and 
management of capital projects.  We examined these 
procedures and found that, if followed, the procedures provide 
adequate assurance capital projects will be planned in an 
appropriate manner.  To determine whether the procedures for 
cost estimation were followed, we reviewed relevant project 
documentation for a sample of six projects.  Our sample 
consisted of the same six projects that we used in our review of 
change orders.   
 
We found that the B&T staff and design consultants for these six 
projects generally followed the cost estimation procedures 
contained in the Manual.  For example, the staff and the 
consultants maintained the required documentation, and 
obtained the required approvals, for their cost estimation 
activities.   
 
However, in some instances, the procedures in the Manual were 
not followed.  For example, Section 201 of the Manual states 
that, “in order to ensure that the Design Consultants prepare 
estimates in a systematic manner using acceptable industry 
practices and acceptable estimating procedures and methods, 
the Manager of Cost Estimating will perform reviews of the 
consultants’ estimating practices and will keep [the] Engineering 
[and Construction Department] informed of any such reviews.  
All reviews must be documented.”  For three of the six projects 
in our sample, such reviews were performed and documented.  
However, there was no documentation indicating that such 
reviews had been performed for the other three projects (Throgs 
Neck TN-81, Verrazano-Narrows VN-83, and Bronx-Whitestone 
BW-82).   
 
It therefore appears that the design consultants’ estimation 
practices were not reviewed at all on these three projects.  As is 
described in the prior section of this report, design errors 
contributed to costly change orders on two of these projects 
(Throgs Neck TN-81 and Verrazano-Narrows VN-83).  It is thus 
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critical that the work of the consultant be thoroughly reviewed to 
ensure it is in fact appropriate.   
 
Section 201 of the Manual also states that the project engineer 
is to provide the Procurement Department with the Engineer's 
Final Estimate no later than five business days before the bid 
opening/RFP closing date.  However, in three of the six projects 
we reviewed, this requirement was not met, as follows:  
 

• In Throgs Neck Project TN-81, the Engineer's Final 
Estimate was provided to the Procurement Department on 
the same day as the bid opening.   

• In the Bronx-Whitestone Project BW-82, the Engineer's 
Final Estimate was provided to the Procurement 
Department only one day before the bid opening.   

• In Throgs Neck Project TN-20, the Engineer's Final 
Estimate was provided to the Procurement Department 
only one day before the bid opening.   

 
The documentation for these three projects contained no 
information indicating that the bid openings could not have been 
rescheduled to give the Procurement Department and Manager 
of Cost Estimating enough time to perform a thorough review of 
the cost estimates.  According to B&T officials, the bid openings 
were not rescheduled because the projects had already been 
delayed, and the officials wanted to avoid further delays.  They 
also noted that the Engineer's Final Estimate for the Bronx-
Whitestone project could not be completed sooner because the 
project engineer was waiting for the final contract addenda and 
addressing questions from bidders and concerns from the 
Procurement Department regarding the contract specifications.   
 
We note that a delay of a few days to reschedule a bid opening 
would not significantly delay a project that was expected to last 
several months.  We also note that the reasons given for the 
project engineer’s delay in completing the final cost estimate for 
the Bronx-Whitestone project are good reasons for rescheduling 
the bid opening.  In such circumstances, it seems especially 
important to allow enough time for a thorough review of the final 
cost estimate.  B&T officials stated that the Engineer's Final 
Estimate for this project was able to be reviewed thoroughly in 
the days preceding the bid opening, so there was no need to 
postpone the bid opening.  We note that, according to B&T’s 
Manual, five days of advance notice is required.  If, in actual 
practice, five days are not always required, we recommend that 
the Manual be modified to reflect actual practices, and 



 

31 

documentation be maintained to explain why a bid opening was 
not rescheduled to allow a full five days for the review of the 
Engineer's Final Estimate.   
 
Section 201 of the Manual further states that the design 
consultant’s cost estimates should be reviewed by the 
Engineering and Construction Department at certain stages of 
the design process (10 percent design completion, 40 percent 
completion, 70 percent completion, 95 percent completion, and 
100 percent completion).  However, in two of the projects we 
reviewed (Verrazano-Narrows and Bronx-Whitestone), the 
design consultant’s cost estimates were not reviewed at the 95 
percent completion stage.   
 
According to the project manager for the Bronx-Whitestone 
project, the 95 percent completion review was omitted for this 
project because the project was fast-tracked.  The Director of 
Program Operation provided us with documentation indicating 
that this review was omitted with the approval of the facility’s 
head engineer.  We acknowledge that such a procedure may be 
appropriate, but note that the Manual does not describe the fast-
tracking process or indicate the circumstances in which a 
project should be fast-tracked.  We recommend that the Manual 
be revised to include this information.   
 
In the Verrazano-Narrows project, B&T officials indicated the 
design consultant’s cost estimates were not reviewed at the 95 
percent completion stage because of time constraints.  
However, there was no documentation indicating that this was 
the reason the review was not performed.  The project 
documentation did indicate that work scope assumptions were 
significantly changed at the 70 percent completion stage.  In 
response to these changes, the design consultant had to 
redesign work that was already completed.  The design 
consultant was subsequently issued a change order for 
$252,896 to allow additional time to complete the design.  In 
these circumstances, a review of the cost estimates at the 95 
percent completion stage would appear to be prudent.   
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Recommendations 

 
5. Ensure that the design consultant’s estimating practices 

are reviewed by the Manager of Cost Estimating, and the 
reviews are documented.   

 
6. Ensure that the interval between the bid opening and the 

submission of the Engineer's Final Estimate complies 
with the Manual.  If necessary, modify the Manual to 
allow a shorter interval in certain specified 
circumstances.  If a shorter interval is to be allowed in 
certain circumstances, require that these circumstances 
be documented.   

 
7. Revise the Manual to specify the circumstances in which 

a project may be fast-tracked, and to describe the 
alternative procedures that are to be followed to ensure 
such projects are subject to sufficient review.   

 
8. Ensure that the design consultant’s cost estimates are 

reviewed by the Engineering and Construction 
Department at the points specified in the Manual.   

 
 (Responding to our draft audit report, B&T officials 

agreed to review their current procedures and to 
incorporate any of the audit recommendations 5, 6, 7 and 
8, not previously enacted.)   
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APPENDIX C

1. We believe that past history performance, life performance expectancy of material used, 
weather conditions, operating conditions and/or practices, etc., are variables used to 
properly plan and develop the scope of any project.  Information on these variables is 
known and readily available to B&T engineers and/or consultants.  Additionally, these 
variables combined with information gather by timely ongoing investigations or 
inspections of actual conditions of B&T facilities can be used to either modify or to 
eliminate the impact of such variables on the plans or the developing of the final scope of 
any project over time.  We concluded that B&T did not fully consider the impact of all 
these variables known to them to properly scope, plan or timely investigate/inspect 
existing conditions that should have been identified and considered to reduce or to 
eliminate the change orders for these projects. 

 
2. We are pleased to see that B&T officials agree to review current procedures and 

incorporate appropriate recommendations not already enacted.  While B&T officials 
indicate that improvements in estimating procedures have been made over time, our 
examination did not find a discernible pattern that better estimates are resulting on 
projects that started earlier versus projects that started later. 

 
3. The draft audit report is correct because a representation letter was not provided when it 

was requested at the completion of field work.  In reply to our draft report, B&T officials 
stated MTA policy regarding when a representation letter will be provided.  MTA - B&T 
officials provided a representation letter after the issuance of our draft report and our final 
report reflects this change. 

 
 
 




