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For the period of 1998 to 2008, PHMSA data also shows a large portion (26% of all 5,960 events) of the 

total significant incidents in both onshore and offshore gas pipelines to be traceable to excavation work. 
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Realizing the effects that an accident can cause, a system called One Call was developed which 

facilitates the communication between the excavator and the utility operator. This has helped the 

excavator in a way that at least the independently or expertly identified mark-out of the location 

of the underground utilities with assets at the site, was marked in or around the proposed 

excavation site.  

 

However it is important to note that, even after having such a facility in place, the accidents are 

still occurring. This can be seen from the example mentioned here. A UNCC (Utility Notification 

Center of Colorado 2005) study stated that 55.7% of the 9,371 incidents in Colorado in 2005 

took place even though the excavators followed the One-Call procedures. 
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http://brown.edu/Facilities/Facilities_Management/images/marking_utilities.jpg)

 

 

Documentation of Geographic Database Changes: In addition to general best practices related to 

the operation of the One-call center, a key best practice listed in (6) states that “the one call 

center returns the geographic description database documentation to the facility owner/operator 

annually and after each change for verification and approval.” 
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This is one of the best recommended practices in the manual, and has multiple benefits from all 

stakeholder perspectives. In this manner, the One Call Center’s data remains accurate and  

 

consistent with the underlying utility data which is updated from time to time. The utility 

operators can cross check and make necessary changes. If they have closed any facility in a 

particular area and are still on the file, they will receive unnecessary tickets and will be charged. 

If they have any facilities added, updating them will provide them some surety against safe 

digging of the ground in that area. 

It is implemented in some states, but it not to so easy to do. The implementation of the proposed 

hub can help alleviate the increased work load. 

 

Organization of Meeting requests for Complex projects: Another stated best practice is that “The 

one call center has a process for receiving and transmitting requests for meetings between the 

excavator and the facility operator(s) for the purpose of discussing locating facilities on large or 

complex jobs.” It would be beneficial for every party to plan a meeting for large complex jobs 

because it involves greater risks to the excavator’s project and the facility’s owner/ operator. 

Though involving the One Call Center would not be effective in every case because of the 

increased organizational and technical changes involved, it can be done within the scope of the 

proposed information exchange in order to limit the additional work load on the centers. But on 

the other side if it is a mandated requirement for large complex jobs, it would likely help avoid 

major accidents. 
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7) The proposed excavation area is not always marked out as officially required. If this 

practice is not followed, then the locator might be wasting significant time and sometimes 

a part of the proposed excavation area might still be left out to mark. 

 The main comparative metric the locator keeps in mind is the footage from service to 

service line. On the whole, every written document/ record, operating maps, service 

maps, location maps, subsurface maps can be useful to accurately determine the location 

of the utilities. A system that can provide such information as needed to the locator can 

help improve the accuracy of the mark-out process and current and future safety records 

of excavation activities.

 

 

It seems from the questionnaires, the best practices and the literature reviewed that one of the 

leading cause of the accidents happening is the inaccuracy or incompleteness of records of 

information available about the location of the utility, including missing depth information and 

often unavailable as-built drawings due to the acquisition of a number of smaller utilities with 

outdated legacy location databases. However, it is a useful starting point for any thorough 

location effort. If updated as a result of the mark-out (upstream), and excavation location data 

identification, it can yield major improvements to the quality of location data and improve safety 

records during and after excavation. 

 

Also, many a times the published Best practices are not followed even if they are easy to 

implement. Implementing the best practices listed above, which can be facilitated by providing 

an exchange hub for all the stake holders involved, can reduce the number of accidents greatly.  
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This exchange hub will serve purposes like the locational data and the risk assessments of 

potential excavation work involved. It would be of great help to the facility owners/ operators, 

the excavators and the One Call Centers. 

 

It will work on both the sides: upstream side of the mark out process and downstream side of the 

mark out process. On the upstream side, it will work as a decision support tool in the process of 

marking of the utilities. It will make the mark out process easier and more efficient. On the 

downstream side, it can work with the excavators to acquire and store the information available 

at the time of excavation. It can also be helpful to know the positions and potential risks due to 

adjacent utilities. It will be open to the DOT’s and can provide information to the Subsurface 

Engineers regarding the utilities so that they can assist in planning the relocation or construction 

part of the transportation projects. 

 

For the locational information part of the exchange hub, improvements can be expedited in many 

ways. For the new utility assets which are being placed, their accurate position with the help of 

mobile GPS can be known. Images can be taken and stored in the corporate databases and reused 

in response to mark-out requests. The locational information can be converted to the GIS format 

and then made available on demand to the exchange hub.  

 

For the old utility assets, which are already in place, their records might be missing information 

or they would likely be inaccurate. Utilities can gradually achieve the accuracy required by 

passing the tests of accuracy afforded by the exchange upstream/downstream feedback loop. 

Once the information accuracy is ascertained, it can be updated via the exchange hub into the 

native source systems maintained by various utilities. The actual location of the facility should 

be converted into the GPS coordinates and then can be communicated via the exchange hub. 

Hence, in this manner gradually the locational information of the complex network will be 

become more accurate over time, and will lead to reduced costs of mark-out and excavation and 

higher safety records. 

 

The exchange system can yield the following additional benefits: 
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3. 

 

 

 

The review of the procedures described in the “Excavator Handbook for Damage Prevention”, as 

well as the information gathered from interviews and/or site visits with a range of stakeholders 

(Excavators, Utilities, and mark-out professionals) allowed our research team to develop, beyond 

the High-Level work flow in Figure 4, a Business Process Diagram for the As-is processes of the 

One-Call System, shown in Figure 5. Although these processes might differ from one State to 

another, the roles of various process participants and their key interfaces are similar. 

 

What is most notable about the current process, is that the One Call Server (OCS) acts as a pass-

through of requests for Excavation from an individual excavator working in most cases on behalf 

of a utility owner or a public infrastructure owner. Once the request is logged into the system, 

with a Status of “Emergency” (Mark-Out to be performed asap for work to be performed within 

the next day) or “Regular” (Mark-Out to be completed within 3 business days). 

 

The key role of the OCS after a request is initiated by phone or on-line, is to notify utility owners 

of the need to complete the mark-out of their assets. This “mark-out” ticket is performed by e-

mail based on a facility identification system that is often sent to utilities located in the general 

area, but without the accuracy required to identify such utilities on a street level. Some of the 

utilities that are notified but so not have any assets, should report the absence of assets in order to 

better identify progress of the overall mark-out effort. 

 

During the Upstream Process (Pre-Excavation Mark-out): For notified utilities that have assets 

in or in the vicinity of the excavation area, the mark-out process is then a black-box whereby, 

they would assign locators or mark-out professionals from their own force accounts or from 

contracted subsurface engineering consultants. The information provided to them in order to  

perform the mark-out is external to the OCS system, and the location of the assets resulting from 

the performance of the mark-out work remains also external to the system, and in most cases not 

collected in any automated system. Mark-out professionals would mark the lines with the 

appropriate color code, and leave the site. The accuracy of the asset location resulting from the 

mark-out as compared to the location information found in the utility systems and databases, 

cannot be ascertained, as there is no tracking or reporting mechanism of the two instances and 

their possible variances. At that stage, Utility Owners/Operators should notify the OCS system 

that their mark-out has been completed. 

 

During the Downstream (Post-Excavation) Process: Once all mark-outs are performed, 

excavators are notified that they can commence excavation. Once excavation uncovers some of 

the utility assets, the actual location as identified visually or by contact is not stored or reported 

unless there is a major discrepancy in the asset location as compared to the mark-out location, or 
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if a damage or incident has occurred due to such location error, resulting in a potential liability 

issue. In particular, information about pipe depths which is seldom known and recorded 

accurately by utilities, is not collected, stored and reported back to the respective utility owners. 
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The SEES prototype system creates an open yet controlled environment where 4 key 

Stakeholders are engaged in a process that is supportive of accurate mark-out and utility location 

information, and by the same token, of safe excavation. These Stakeholders and System Users, 

include the Excavator, the Utility Owner(s), the Mark-out Professional(s), and the System 

Administrator, who interact through the workflow described in this section, and further defined 

in the following sections in its underlying data model, system architecture and logical sequences. 

The System Administrator plays a more pro-active role in the enablement of the accuracy 

evaluation and location “correction” processes. 

 

The “To-Be” process workflow as envisioned in the SEES system is therefore divided into the 

Pre-Excavation (Upstream) and Post-Excavation (Downstream) system tasks/transactions: 

 

Upstream To Be Process Flow: 

 

1- Work Ticket Creation and Excavation Area Site and Boundaries definition:  

 

The Excavator logs in a work ticket request for excavation at a certain location. Scope of work is 

described, along with location of work and extent of work area. Location/extent of excavation 

area can be described by: 

a- Address Range along a street dimension (e.g. from 1000 Main street Newark, NJ 

to 1214 Main Street Newark, NJ), as well as width/depth information which can be 

combination of distance to curb and width (e.g. starting from 20 feet to curb, and with a 

width of 15 feet), or a difference between 2 distances to curb (from 20 feet to curb to 35 

feet to curb). This capability is  

b- Location v/s Reference Points along the street dimension (e.g. starting from 10 

feet North of Electric Pole (Asset Reference Number ###) located at about 980 Main 

Street Newark, NJ and extending to 15 feet South of Stop Sign (Asset Reference ###) 

located at about 1240 Main Street Newark, NJ), as well as width/depth information as in 

a) above 

c- Polygon Representing the Excavation Area, which can be superimposed over a 

Google Map file representing the surrounding area, and saved in a picture field. 

  

The SEES Prototype system functionality incorporates the Address range feature as described in 

a) of the excavation area definition, as well as a capability to add reference points for both 

excavation areas and asset locations, as shown in b) above. 

 

In order to provide a system that enables a more accurate definition of the excavation area, the 

initiating work ticket should include, in addition to the general location of the work, as well as 

descriptive optional text for the site area, as precise a definition of the excavation area as can be 
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ascertained from the work scope provided to the excavator. Such information can be obtained 

from the review of project drawings, as well as site surveys and walk-throughs. 

 

2- Identification of Utilities with underground Assets directly in and in the vicinity of the 

Excavation Area:  

 

Based on the work ticket above, (using a utility street reference lookup table for utility 

geographic presence with sample records containing fields such as Municipality, County, State, 

Street Name, (optionally also: Street # from, Street # To), Zip Code, Utility Name, Infrastructure 

Type, etc. as for example, the utilities with asset presence in the excavation area are identified. 

For example, for a hypothetical excavation area taking place within the range of the imaginary 

location of 226 to 248 Main street, Newark, NJ, the SEES prototype system, with proper and up-

to-date input from utilities’ asset management systems and other inventory databases, could 

maintain a reference table of utility “presence” at locations, which can be of high accuracy and 

resolution, and include location identification based on an address range within a street 

representative of the underground asset locations. An example of records of the utility reference 

table includes the following relevant reference records for the work ticket described: 

 

City, County, State, Street Name, Start Address, End Address, Zip Code, Utility Name, Utility 

Type: 

 

Newark, Essex, NJ, Main Street, 2, 2100, 07102, Verizon, Communications  

Newark, Essex, NJ, Main Street, 2, 1100, 07102, PSE&G, Power 

Newark, Essex, NJ, Main Street, 2, 1300, 07102, PSE&G, Gas 

Newark, Essex, NJ, Main Street, 2, 2100, 07102, Newark Water and Sewer, Water 

Newark, Essex, NJ, Main Street, 2, 2100, 07102, Newark Water and Sewer, Sanitary Sewer 

Newark, Essex, NJ, Main Street, 2, 2100, 07102, Newark Water and Sewer, Storm Sewer 

 

Using the address range inferred from 1) a or 1) b or 1) c, the SEES prototype identifies utilities 

located in excavation area and sends e-mails to Verizon, PSE&G Power, PSE&G Gas, Newark 

Water and Sewer/Water, etc. to notify them of request for Mark-Out and transfers location/extent 

of excavation information as described in 1-a through 1-c above. 

 

For the purposes of the prototype, a first “release” of the utility reference table at a street name 

level identification was built-into the utility reference table. Given the street name, city and state 

geographic location of the excavation job ticket, the list of utility owners from various 

infrastructure types (water, power, gas, sewer, communications, etc.) with assets at that 

geographic location would be derived by the system, and a complete communication of the 

Excavation Work Ticket record would be initiated via e-mail and exchange message notification. 

Each utility receiving the message would now have to communicate to SEES the set of assets in 

need for mark-out, in order to facilitate and improve the accuracy of the mark-out process vis-à-

vis the excavation site area, and the scope and extent of the related work. 
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3-   Asset Identification and Communication, Mark-Out Assignment:  

 

Every Utility which receives the e-mail/request for mark-out as a result of Section 2 above, 

makes a search within the excavation area (+20 feet each way for safety) for assets located 

within the boundaries of the excavation area. 

For example, Verizon might return from its automated asset management system (AMS) a list 

(Inventory) of 3 assets: 

1- A Junction Box located at 980 Main Street, Newark, NJ 

2- A Pipe/Fiber Optic Conduit extending from 980 Main Street to 1240 Main Street,    

Newark, NJ 

3- A Junction Box Located at 1240 Main Street Newark, NJ 

 

For the purposes of the mark-out process, it is assumed that only linear assets (pipes) are retained  

for location identification. Pipes elements are segments with a start node and an end node. In the 

SEES system, the coordinates, location address, the distance to curb, as well as an additional 

reference are allowed for both the start and the end nodes of a pipe segment. 

 

Every concerned utility would then create an internal Mark-Out Work Scope, which includes the 

list of assets which fall within the excavation area, and the Assigned Mark-Out Professional, 

selected among a list of approved and registered mark-out professionals. One of the new features 

of the SEES open exchange system is the addition of the mark-out professional as a stakeholder 

in the mark-our process.  

 

 

4-   Asset Mark-Out for every Utility with Assets at the Excavation Area, Location Updating and 

and Communication: 

 

 The Mark-out Professional assigned by each utility uses the list of assets and locations as 

identified by the utility owner to perform his/her mark-out job. At the completion of the mark-

out process, the SEES allows the mark-out professional to enter direct location coordinates or 

distances to reference points for each asset. SEES keeps track of the completion of each utility 

mark-out job required to complete the mark-out tasks for the excavation work ticket.  

 

In future releases of the SEES, an improvement to the workflow can be made to allow multiple 

communications between the mark-out professional and the utility owner’s engineering and asset 

management departments in order to obtain all relevant information about the utility assets, 

including engineering and as-built drawings, as well as location of assets as found in the utility 

asset inventory management or GIS system. 
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Downstream To Be Process Flow: 

 

1- Asset Mark-Out for every Utility with Assets at the Excavation Area, Location Updating and 

and Communication: 

 

 Once all the mark-outs of all utilities with assets located at the excavation site, have been 

completed, the SEES system would flag the excavation work ticket as ready for commencement 

of excavation work. Consequently, the Excavator is allowed the opportunity to enter after 

completing the excavation, for each utility identified during the excavation process the “actual” 

coordinates as measured, or related distance to known references. 

 

2- Asset Location Investigation in case of Conflict between Mark-Out and Post-Excavation 

coordinates: 

 

If the coordinates or distance referencing of various assets located in the excavation area differ 

significantly (usually more than 2 feet of variance), then an Investigator can be called upon to 

verify the exact location of the assets. The outcome of this investigation can be saved in a set of 

coordinates or geographic references considered as the last and final arbitrated and determined 

locations. 

 

Following the creation of these Investigator generated asset coordinates, the Utility Owners are 

afforded the opportunity to update their utility systems databases of asset location data in order 

to help improve the location information accuracy over time, and minimize the risk of accidents 

from mis-located assets.  

 

It is worth noting that the role of the Investigator was included under the set of tasks handled by 

the system administrator, in order to preserve data integrity without creating another category of 

User. 

 

It is worth noting that the data related to asset location (direct coordinates or v/s reference points) 

for the 3 stages of asset identification (UTILITY/MARK-OUT/EXCAVATOR) is stored in a 

staging area related to the work ticket. Once the outcome of the workflow is determined, and 

utility asset coordinates are updated as a result of communication of final coordinates or 

distances to reference points back to the concerned utility for internal processing, the asset 

locations are archived in an area that only individual asset owners can access with their own 

passwords in order to keep location information secure.  

 

The design of the SEES prototype system ensures that it does not become a large mega-geodetic 

database or centralized repository containing all location information for all utilities. This feature 

guarantees the security and integrity of location information resulting from the one-call process 

and the SEES system. In summary, the central EXCHANGE system would not store the location 

information (whether direct or v/s reference points) because each utility needs to keep its asset 

location information private for security information, and would allow such asset location 
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information to be provided only during the one-call process cycle, so location information 

accuracy can be improved over time. 

 

The sequence diagram associated with the To-Be workflow is shown in Figure 9. 
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The SEES Entity relationship Diagram and data model are shown in Figure 10 and the data 

structure definitions described next. 
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Field Description: 

 

Excavator_Details 

1. Excavator_Id : This is a unique Id that each excavator is assigned when he logs  in to the 

system to create a User account. Every User account is password protected. 

2. Name: Name of the Excavator. 

3. Company: This field specifies the company the excavator is working for. 

4. Title: This field requires the excavator to give his title at the company he is working for. 

5. Office Phone: This Field requires the office phone number of the excavator. 

6. Field Phone: This Field requires the field phone number of the excavator. 

7. Fax: This Field requires the Fax number of the excavator. 

8. Contact_person: This field requires entering the person responsible for the excavation to 

be carried. 

9. Office Address: This field requires the excavator to enter his office address for the 

company he is working. 

10. City: City of the excavator’s office location. 

11. State: State of the excavator’s office location. 

12. Zip code : State of the excavator’s office location. 

13. Email Address: Email address of the excavator. 

 

Excavation_Details 

1. Excavation_Id : This is a unique id to identify each excavation. 

2. Excavation_type: This field requires selecting whether it is an emergency excavation or 

regular excavation. 

3. Scope: The scope of the excavation work field , e.g. installation of new electric service, 

water main replacement, etc. 

4. Depth: This field requires mentioning the depth of the excavation to be performed. 

5. Total Utilities: This field requires the total number of utilities present at the given 

location site. 

6. Extent: This field requires entering the extent of work, such as curb to curb etc. 

7. Start Date: Specifies the start date of excavation. 

8. End Date: Specifies the End date of excavation. 

9. Contact_person: This field requires entering the person responsible for the excavation to 

be carried. 

10. Utility_owner: The field requires specifying the name of the utility whose asset is present 

at the excavation site. 

11. Remark: This field contains any special information to be conveyed to the actual markout 

professional. 

12. Email Address: Email address of the contact person. 

 

Site_ Details 

1. Site Id: This is a unique id to identify each exaction site. 

2. Start Street number: It is the approximate street number at the start of the site where 

excavation needs to be performed. 
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3. Start Street name: It is the street name at the start of the site where excavation needs to be 

performed. 

4. Start County: It is the name of the county at the start of the site where the excavation 

needs to be performed. 

5. Start Town: It is the name of the town at the start of the site where the excavation needs 

to be performed. 

6. End Street number: It is the street number at the end of the site where the excavation 

needs to be performed. 

7. End Street name: It is the street name at the end of the site where the excavation needs to 

be performed. 

8. End County: It is the name of the county at the end of the site where the excavation needs 

to be performed. 

9. End Town: It is the name of the town at the end of the site where the excavation needs to 

be performed. 

10. Closest Intersection: This field specifies the closest intersection to the area of the 

excavation. 

11. Other intersection: This field specifies intersection points other  than those close to  site 

of excavation 

12. Corner property:  The field requires to mention corner property if present near the site of 

excavation. 

 

Start1 

1. Coordinates: This field requires entry of the coordinates for the first or Northern start 

point of the excavation site. 

2. Distance Curb: This field requires entering the distance of any nearby curb for the first or 

Northern start point of the excavation site. 

3. Reference_type: This field requires entering the type of reference (pole, tree, manhole 

etc) nearby the northern starting point at the excavation site. 

4. Description: This field requires entering any special remarks. 

 

Start2 

1. Coordinates: This field requires entry of the coordinates for the second or Southern start 

point of the excavation site. 

2. Distance Curb: This field requires entering the distance of any nearby curb for the first or 

Southern start point of the excavation site. 

3. Reference_type: This field requires entering the type of reference (pole, tree, manhole 

etc) nearby the southern starting point at the excavation site. 

4. Description: This field requires entering any special remarks. 

 

End1 

1. Coordinates: This field requires entry of the coordinates for the first or Northern end 

point of the excavation site. 

2. Distance Curb: This field requires entering the distance of any nearby curb for the first or 

Northern end point of the excavation site. 
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3. Reference_type: This field requires entering the type of reference (pole, tree, manhole 

etc) nearby the northern ending point at the excavation site. 

4. Description: This field requires entering any special remarks. 

 

End2 

1. Coordinates: This field requires entry of the coordinates for the second or Southern end 

point of the excavation site. 

2. Distance Curb: This field requires entering the distance of any nearby curb for the first or 

Northern start point of the excavation site. 

3. Reference_type: This field requires entering the type of reference (pole, tree, manhole 

etc) nearby the southern ending point at the excavation site. 

4. Description: This field requires entering any special remarks. 

 

Utilities 

1. Utility Owner Id: This is a unique Id that each utility owner will be assigned when he 

logs in to the system. The utility owner will log in with this ID and his password. 

2. Utility Owner : This is the name of the utility owner 

3. Headquarter: This field requires to mention the location name of the utility headquarter 

office 

4. Street: City of the utilities office location. 

5. Town: State of the utilities office location. 

6. County: County of the utilities office location. 

7. Email Address: Email address of the excavator. 

8. Password:  This field specifies the password of the Utility owner account. 

 

References 

1. Reference Id : This is a unique Id that each reference (curb, pole, tree, etc.) will have. 

2. Reference_type: This field requires to enter the type of reference (pole, tree, manhole etc)  

nearby the excavation site. 

3. Street number: It is the Street number of the site where the reference is located. 

4. Street: City of the reference location. 

5. Town: State of the reference location. 

6. County: County of the reference location. 

7. Reference_coordinates: This field requires entering the coordinates of the reference point. 

8. Reference distance to curb: This field requires entering distance of reference from the 

curve. 

 

Markout Professional      

1. Name: Name of the mark out professional. 

2. Utility Owner Id: This field is used to identify the utility owner that the mark out 

professional works for on a particular work ticket. 

3. Area of Operation: This field is used to identify the area of operation of the mark out 

professional. 
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4. Specialization: This field specifies the expertise of the mark out professional. 

5. Email Address: Email address of the mark out professional. 

6. Password:  This field specifies the password of the mark out professional. 

 

Investigator 

1. Name: Name of the investigator. 

2. Company: This field specifies the name of the company the investigator works for. 

3. Email Address: Email address of the investigator. 

4. Password:  This field specifies the password of the investigator. 

 

Utility_Reference 

1. Utility_Ref_id: This field is the key of the table. It is used to identify the references. This 

table is basically like a repository containing all the references. 

2. Street Name: This field specifies a street name for a given location 

3. Town: This field specifies a Town for a given location 

4. Utility_Owner:  This field specifies a utility owner with pipes at that street/town location. 

 

Asset 

1. Asset_Utility_Email: This field is used to identify asset location from the utility owners. 

2. Asset_ Id : This field is is used to identify the assets. 

3. UtilityOwner_Id: This field is used to identify the Utility Owner for the current asset. 

4. Asset_ length: This field is used to specify the length of the asset (ex. pipe length). 

5. Asset_Diameter: This field is used to specify the diameter of the asset (ex. pipe 

diameter). 

6. Infrastructure Type:  This field specifies whether it is a gas line, water line etc. 

7. Start Street number: It is the street number of the site where the asset starts. 

8. Start Street name: It is the street name of the site where the asset starts. 

9. Start County: It is the name of the county where the asset starts. 

10. Start Town: It is the name of the town where the asset starts. 

11. End Street number: It is the street number of the site where the asset ends. 

12. End Street name: It is the street name of the site where the asset ends.  

13. End County: It is the name of the county where the asset ends. 

14. End Town: It is the name of the town where the asset ends. 

15. Start_node_Coordinates: This field contains the starting coordinates of the asset.  

16. End_node_Coordinates: This field contains the ending coordinates of the asset. 

 

Asset_ Markout  

1. Asset_Utility_Email: This field is used to identify asset location from mark-out 

professionals. 

2. Asset_Id : This field is is used to identify the assets. 

3. UtilityOwner_Id: This field is used to identify the Utility Owner for the current asset. 

4. Asset_ length: This field is used to specify the length of the asset (ex. pipe length). 

5. Asset_ Diameter: This field is used to specify the diameter of the asset (ex. pipe 

diameter). 
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6. Infrastructure Type:  This field specifies whether it is a gas line, water line etc. 

7. Start Street number: It is the street number of the site where the asset is present. 

8. Start Street name: It is the street name of the site where the asset starts. 

9. Start County: It is the name of the county where the asset starts. 

10. Start Town: It is the name of the town where the asset starts. 

11. End Street number: It is the street number of the site where the asset ends. 

12. End Street name: It is the street name of the site where the asset ends.  

13. End County: It is the name of the county the asset ends. 

14. End Town: It is the name of the town where the asset ends. 

15. Start_node_Coordinates: This field contains the starting coordinates of the asset.  

16. End_node_Coordinates: This field contains the ending coordinates of the asset. 

 

Asset_Investigator 

1. Asset_Investigator_Email: This field is used to identify asset location by Investigators. 

2. Asset_ Id: This field is is used to identify the assets. 

3. UtilityOwner_Id: This field is used to identify the Utility Owner for the current asset. 

4. Asset_ length: This field is used to specify the length of the asset (ex. pipe length). 

5. Asset_ Diameter: This field is used to specify the diameter of the asset (ex. pipe 

diameter). 

6. Infrastructure Type:  This field specifies whether it is a gas line, water line etc. 

7. Start Street number: It is the street number of the site where the asset starts. 

8. Start Street name: It is the street name of the site where the asset starts.  

9. Start County: It is the name of the county where the asset starts 

10. Start Town: It is the name of the town where the asset starts. 

11. End Street number: It is the street number of the site where the asset ends. 

12. End Street name: It is the street name of the site where the asset ends.  

13. End County: It is the name of the county the asset ends. 

14. End Town: It is the name of the town where the asset ends. 

15. Start_node_Coordinates: This field contains the starting coordinates of the asset.  

16. End_node_Coordinates: This field contains the ending coordinates of the asset. 

 

Asset_Afterexcavation  

1. Asset_Excavator_Email: This field is used to identify asset location by Excavators. 

2. Asset_ Id: This field is used to identify the assets. 

3. UtilityOwner_Id: This field is used to identify the Utility Owner for the current asset. 

4. Asset_ length: This field is used to specify the length of the asset (ex. pipe length). 

5. Asset_ Diameter: This field is used to specify the diameter of the asset (ex. pipe 

diameter). 

6. Infrastructure Type:  This field specifies whether it is a gas line, water line etc. 

7. Start Street number: It is the street number of the site where the asset starts. 

8. Start Street name: It is the street name of the site where the asset starts. 

9. Start County: It is the name of the county where the asset starts. 

10. Start Town: It is the name of the town where the asset starts. 

11. End Street number: It is the street number of the site where the asset ends. 
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12. End Street name: It is the street name of the site where the asset ends.  

13. End County: It is the name of the county the asset ends. 

14. End Town: It is the name of the town where the asset ends. 

15. Start_node_Coordinates: This field contains the starting coordinates of the asset.  

16. End_node_Coordinates: This field contains the ending coordinates of the asset. 
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4. 

 
 

The system hardware should be capable of running a web server and a database server. The 
client interface can be accessed from a PC-based browser as well as a cellular phone.          
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Web Server Configurations:  

 

          Apache- MySQL  

          Server: fdb4.biz.nf via TCP/IP 

 

          Server version: 5.5.38-log 

          Protocol version: 10 

          User: 1932453_safe@82.197.130.17 

          MySQL charset: UTF-8 Unicode (utf8)   
 

          Web server Configurations:  
 

         The various software components include  
        PHP - v5.4.42 
        MySQL - v5.5 
        HTML - v5.0 
        Bootstrap - v3.3.5 
        JQuery -   v1.11.3 
        Web Browser (Cookies Enabled) 
 

The database is a relational database model. Tables are linked based on the relation with each 

other. Foreign keys and primary keys are accesses accordingly. Logical representation of the 

database is shown in the ERD above.  

 

Tables: 

 

Excavator_Details 

Excavation_Details 

Site_Details 

Start1 

Start2 

End1 

End2 

Asset 

Asset_Afterexcavation 

Asset_Investigator 

Asset_Markout 

Markout_professional 

Investigator 

Utility_Reference 

References1 

Utilities 

http://fdb4.biz.nf/
mailto:1932453_safe@82.197.130.17


         
  
Final Report: New Jersey Institute of Technology (NJIT) for the University Transportation Research 
Center (UTRC) 

Requirements, Model and Prototype for a Multi-Utility Locational and Security Information Hub 
 

 

 
57 

 

 

The SEES root screen shown in Figure 12 provides the same entry into the excavation exchange 

system for all users account creation or log-in. The primary users are the Excavator (Excavation 

Contractor or party performing excavation work on behalf of utility owner), who creates the 

Work Ticket and defines the work scope and excavation area, as determined in the contract or 

emergency work order. The Utility owners and operators are members of the exchange system 

and interface with the system to provide asset referencing information for general identification, 

as well as initial asset location information in support of the mark-out process. The mark-out 

professionals are typically working for the utility owners or are part of the utility owner 

organization. The System Administrator manages the back-end processes, including the 

geographic referencing system for utility maps at the street level, and provides the administrative 

interface for the resolution of potential asset location conflicts between the Mark-out 

professional and the Excavator through the role of Investigator, which is embedded into the 

functionality of the System Administrator. 
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After accessing his/her account, the Excavator has 3 major options displayed in Figure 13. 

Firstly, he can initiate the excavation request for mark-out, by creating an excavation work 

ticket, which launches the process of request for mark-outs from all concerned utilities.  

 

The second key component of the Excavator workflow pre-excavation is the review of work 

tickets with completed Mark-outs, which is a pre-cursor to the start of excavation. 

 

In the post-excavation stage, the Excavator is able to update the coordinates of the utility assets 

by providing a post-excavation digital mark-out of the assets and entering the updated mark-out 

coordinates in the SEES.
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T

 

Excavator can initiate a Work request for mark-out performance on an emergency basis, or as a 

regular or routine request for excavation. The scope of the work, depth of excavation, possible 

total number of utilities with assets in place at the excavation site, the start and end date of the 

mark-out work, are all specified providing a little more specificity to the information currently 

provided via email to the utility owners with assets at the excavation site. The contact person at 

the Utility owner on whose behalf the work is being performed (e.g. gas pipe work, water main 

replacement, etc.), and the Utility owner are identified for the work request (Figure 14). 
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The SEES system, using its automated utility reference table, generates the list of utility owners 

with assets at the excavation site street location. The utility owner names are listed with a 

checked box next to each utility name to enable possible removal of the utility owner name in 

case of error in the reference table. This precedes the system initiation of emails to various utility 

owners with assets at the excavation site (Figure 16). 
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As various Excavators enter Work Ticket requests for Mark-out upstream of the excavation 

work, an individual utility owner with assets located in the excavation area, will upon logging 

into the SEES exchange “see” the relevant work tickets that are pending for further action. A 

hypothetical utility owner “Utilquest1” screen is shown in Figure 17, with 2 work tickets in need 

for Markout Assignment (assignment of mark-out work to a specific “Markout Professional”. 

Also, the system provides a capability for the utility owner engineering or asset management 

departments to add Assets (pipes) at the location of the excavation work. 
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The excavator has the option to view the progress of the mark-out tasks to make sure all utilities 

with assets at the excavation site(s) have had their mark-out completed. Progress of the mark-out 

tasks on a work ticket basis can be shown in Figure 21. 

 

For tickets which mark-out is completed across all utilities, the Excavator can proceed to 

perform the excavation Work. For such work tickets, the ability to now enter the coordinates of 

the pipes is now open to the excavator (figure 22). 

 

On any completed work ticket, the Excavator can enter the coordinates of the start and end nodes 

of the pipe segments (Figure 23), which are now available for comparison with the coordinates 

entered by the Utility owners and the mark-out professionals. 
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The System Administrator occupies the fourth quadrant of the Exchange master screen and is a 

key user. The key roles of the administrator are: 

1- To oversee and maintain the utility reference table, which includes the identification by 

street name and city of utility with asset presence underground (figure 24) 

2- To oversee the data entry and maintenance of the above-ground reference assets (figure 

25). This function is also allowed for utility owners in a self-entry mode (figure 26) 

3- To enter the asset coordinates for asset with location information conflicts between the 

excavator and the mark-out professional and/or the utility, in order the determine the final 

and accurate location coordinates resulting from the intervention of an Investigator. 
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5. SUMMARY AND CONCLUSIONS 
 

In this work, an exchange prototype was designed and developed as a model for creating an 

information platform for the key constituents to interact during the pre-excavation stage also 

called the Upstream process, and in the post-excavation stage also called the Downstream 

process. 

 

Unlike the current system where the system interaction is primarily between the excavator and 

the system administrator, the proposed Safe Excavation Exchange System opens up the 

Upstream and Downstream processes to Excavators, Utility Owners, Mark-out Professionals or 

subsurface utility engineers, as well as the system administrator. The automation of many of the 

key components of the safe excavation timeline enables a number of best practices. In particular, 

the improvement of location information is ensured through the systematic documentation and 

comparison of the location of underground assets as determined initially from the utility asset 

management system, then through the performance of asset mark-outs in the Upstream process, 

and subsequently from the excavator location determination in the Downstream process. When 

major discrepancies or conflicts between such location sets arise, an Investigator role is included 

within the System Administrator role, thus leading to a final resolution of location information 

before the work ticket is “closed”.  

 

Other key benefits include the ability for an excavator to view the progress of the mark-out work 

in order to effectively plan the start of excavation, or deal with any possible contingencies due to 

potential delays in mark-outs. The creation of a Utility reference table enables an accurate 

definition of utilities with assets at any given street/city combination, reducing significantly the 

number of messages sent to utilities for work to be performed in areas where they may not have 

pipes underground. 

 

While the system provides a blueprint for a model safe excavation exchange, it is envisioned that 

further extensions in the areas of visualization and analytics can improve the likelihood of 

voluntary adoption by all parties. Also, its implementation in concert with agencies responsible 

for transportation assets or public utilities would require further customization to adapt it to the 

specific regulations in place. 
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