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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION ACTIVITIES.  IT IS NOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND EXPERIENCE.  IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE.  BRC CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES, CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
1.0 INTRODUCTION

Surveying is the science and art of making the measurements necessary to determine the relative positions of points above, on, or beneath the surface of the earth or to establish such points. This Standard Operating Procedure (SOP) provides a description of the general types of surveys and requirements for performing the various surveys. This document describes the applicability and operation of control, land, topographic, and aerial surveys along with precision and accuracy required for each, as well as Global Positioning System (GPS) survey techniques. This SOP is intended for the project leader to help develop work plans and manage resources.
2.0 DEFINITIONS
Accuracy 
Accuracy refers to the closeness between measurements and expectations or true values. The farther a measurement is from its expected value, the less accurate it is. Observations may be accurate but not precise if they are well distributed about the expected value but are significantly disbursed from one another.

Accuracy is often referred to in terms of its order (i.e., first, second, or third order accuracy). The order of accuracy refers to the error of closure allowed; guidelines for each order of accuracy are as follows:

	
	Order of Accuracy
	Maximum Error

	
	1st
	1/25,000

	
	2nd
	1/10,000

	
	3rd
	1/5,000

	
	4th
	1/3,000


Benchmarks
Benchmarks are monuments placed by surveyors to serve as permanent reference points. They are elevation markers, and their location and elevation are definitely established and recorded on surveyors' level notes. They are set upon some permanent object to ensure they remain undisturbed.

Differential GPS (DGPS)
Differential GPS overcomes signal degradation from overhead satellites. With DGPS, a GPS receiver is placed at a known location. The position information from the receiver is used to correct the position data transmitted by the satellites. The corrected information is then transmitted to other GPS receivers in the area.

Global Positioning System
This system utilizes a network of overhead satellites orbiting the earth to locate objects and/or targets on the surface of the earth. Data from a minimum of three satellites is required to plot (by triangulation) the location of a certain point. Accuracy is dependent on the duration of data collection and the type of receiver/antenna used.

Monuments 
Classified as natural, artificial, record, or legal. Examples of natural are trees, large stones, or other substantial, naturally occurring objects in place before the survey was made. Artificial monuments can consist of iron pipe or bar driven into the ground, concrete or stone monument with a drill hole, cross, or metal plug marking an exact location (such as a corner). The standard for monumenting public-land surveys, as adopted by the Bureau of Land Management, is a post made of iron pipe filled with concrete, the lower end of the pipe split and spread to form a base and the upper end fitted with a brass cap with identifying marks. A record monuments exists because of a reference in a deed or description (i.e., the side line of street). A legal monument is one that is controlling in the description (i.e., "to a concrete post"). 
Precision
Precision pertains to the closeness to one another of a set of repeated observations of a random variable. It is a measure of the reproducibility of a result or measured value. Thus, if such observations are closely clustered together, then the observations are said to have been obtained with high precision. Observations may be precise but not accurate if they are closely grouped about a value that is different from the expected or true value.

Station
A station is a 100-foot section of a measurement from a reference point such as a benchmark. For example, a stake placed 1,500 feet from a reference point is at station 15 and is labeled "15+00," and a stake placed 1,325 from a reference point is labeled "13+25."

3.0 RESPONSIBILITIES

This section presents a brief definition of field roles and the responsibilities generally associated with them. This list is not intended to be comprehensive and additional personnel may be involved in other aspects of the project. Project team member information shall be included in project-specific plans (e.g., work plan, field sampling plan, quality assurance plan), and field personnel shall always consult the appropriate documents to determine project-specific roles and responsibilities. In addition, one person may serve in more than one role on any given project.

The Project Manager or Task Leader (a qualified Nevada Certified Environmental Manager [C.E.M.]) has overall responsibility for establishing the specific technical requirements and coordinating the survey services. The project manager shall rely on input from other key project staff who may have more detailed knowledge of these technical requirements and would be on-site to oversee the survey. To facilitate the management and administration of surveying services procured for a particular site, the project manager may delegate the Field Team Leader (FTL) as the focal point for all matters involving surveying services. 
The Quality Control Manager performs project audits and ensures that project-specific data quality objectives are fulfilled.

The FTL and/or Field Geologist, Hydrogeologist, or Engineer (a qualified Nevada C.E.M.) is responsible for implementation of the actual field activities performed on site by the Surveying Contractor. In addition, the FTL shall be responsible for scheduling and coordinating field activities, overseeing survey activities and preparing daily logs of field activities.

The Surveyor (Surveying Contractor) is responsible for assuring that all surveying field operations, office calculations, map preparation, and related surveying activities conform to established guidelines and the specific requirements of the surveying subcontract (including health and safety requirements). All surveying operations shall be performed by or under the direction of a Licensed (or Registered) Land Surveyor (licensed in that particular state), who shall sign and seal all final drawings, maps, and reports submitted for the assignment. 
4.0 PERFORMING SURVEYS

Surveys are used to measure horizontal and vertical distances between objects, to measure angles between lines, to determine the direction of lines, and to establish points by predetermined angular and linear measurements. The following sections describe various types of surveys that are typically used for environmental investigations and the precision and accuracy required for each, what information may be required to perform the survey, and when each survey may be appropriate. Emphasis is placed on the application of surveying techniques to environmental investigations. All topographical surveys shall be performed by a Licensed Surveyor.

4.1 Establishing Control 
Prior to initiating any type of survey, control points (monuments, baselines, etc.) are established. The type of control needed depends on the order (first, second, or third) of accuracy required. Established control points are based on the North American Datum (NAD), 1927 and 1983, which publishes specifications for first-, second-, and third-order horizontal and vertical control surveys. These specifications provide a starting point for establishing standards on most projects that required basic control surveys. The surveying contractor must be familiar with established control points near the site to be surveyed. From these control points, the surveyor measures angles and distances to the site to be surveyed to establish local control at the site. 
Based on project requirements, monuments that can be used in future site-surveys as a control point may be set. Care is taken when establishing new control points and elevations from other agencies' vertical control points to ensure that all the old control bench marks are on the same datum or reference plane. The monument is stamped with the state planar coordinates and the elevation (feet above mean sea level) so that it shall serve as a reference point for additional surveys. This can save time in future survey work, as the surveying contractor will not have to survey new locations from distant established control points. 
For boundary surveys, the Bureau of Land Management keeps a file on property survey data related to public lands. State, county, city and town engineering and surveyors offices should be consulted for useful survey data on private property. Surveyors typically use this information to locate property boundaries based on existing markers, monuments, angles, and distances. 
4.2 Control Survey
This is the most common type of survey performed in an environmental investigation. It is used to establish the horizontal and vertical positions of points such as soil borings or monitoring wells. Control is typically established horizontally using a theodolite and electronic distance measurement instrument, or using a transit and stadia as part of a three-dimensional traverse. The traverse is used to measure the distance and direction from a known point and the elevation with reference to a known monument. Horizontal and vertical data are then plotted and elevation data interpolated. This type of survey is best suited for small areas and for locating particular points.

4.3 Boundary Survey
A boundary, land, or property survey, is performed to determine the length and direction of land lines and to establish the position of these lines on the ground. The area of the tract bounded by the lines can also be determined. This type of survey is made using established control monuments and establishing angles and distances from those monuments, based on a legal description of the property. 
4.4 Topographic Survey
A topographic survey is made to obtain data from which a map indicating the configuration of the terrain and location of natural and man-made objects can be prepared. This type of survey can be performed either using established control monuments or by aerial photography using a digital terrain model or digital elevation model. Contour intervals are determined before measurement and specified so that enough detail of the site topography is provided to meet the project data quality objectives. The scale to which the map is drawn shall determine the field surveying methods employed. The topographic survey is used to identify high and low spots at a site, as well as natural drainage patterns. Topographic surveys can be performed on a site of any size, but contour intervals normally dictate the time and cost of the survey.

4.5 Aerial Survey
An aerial survey is performed by a high-precision camera mounted in an aircraft. Photographs are taken in an organized manner as the aircraft flies over the terrain. Aerial surveys are commonly used for larger sites where boundaries and topography are to be defined. Ground surveys are also required in conjunction with aerial surveys to establish control points for the aerial survey.

The main advantages of aerial surveys over ground methods include the following: 
· Speed of compilation

· Reduction in the amount of control surveying required to control the mapping

· High accuracy of the locations of planimetric features

· Faithful reproduction of the configuration of the ground surface by continuously-traced contour lines

· Unrestricted by inaccessible terrain

· Capability to be designed for a map scale ranging from 1 inch = 20 feet to 1 inch = 20,000 feet with as small as 0.5-foot contour intervals

The disadvantages associated with aerial surveys include the following: 

· Difficulties in plotting areas with heavy ground cover (high grass, timber, and underbrush)

· High cost per acre of mapping areas smaller than 5 acres

· Difficulties in locating positions of contour lines in flat terrain

· Editing requirements to include road classifications, boundary lines, drainage classification, and names of places, roads, and other map features

4.6 As-Built Survey
An as-built survey is a post-construction survey that shows the exact final location and layout of civil engineering works. This type of survey provides position verification and records that include design changes.

4.7 Global Positioning System Surveying
GPS is a ranging system from known positions of satellites in space to unknown positions on land, sea, in air and space. A GPS receiver uses information from at least 4 to 24 satellites to precisely triangulate its position on the earth. GPS uses pseudoranges derived from the broadcast of a satellite signal. The pseudorange is derived either from measuring the travel time of the (coded) signal and multiplying it by its velocity or by measuring the phase of the signal. The pseudorange takes into account synchronization error (denoted as clock error), since the clocks are never perfectly synchronized. In both cases, the clocks of the receiver and the satellite are employed. The GPS concept assumes that, when fully deployed, four or more satellites will be in view at any location on earth 24 hours a day.

Sources of positional error include variations in the speed of radio transmission owing to the Earth’s constantly changing ionosphere and atmosphere, electrical interference within a receiver, drift in the atomic clocks, and multipath error where the radio signal does not travel directly to the receiver but is refracted en route. The sum of these uncorrected errors will give the total positional data, typically (35 feet. Vertical accuracy is typically (50 feet. 
The total uncorrected error will be multiplied by the positional dilution of precision (PDOP). PDOP values can be obtained from a good quality GPS unit and are a measurement of accuracy. PDOP is determined by the strength of the satellite configuration based on the geometry between the user and a set of satellites. The ideal satellite configuration would have three equally spaced satellites that are low on the horizon and one satellite that is directly above the receiver. PDOP values of 4 or less indicate good accuracy, a value of 5 to 6 indicates an acceptable accuracy, and a value of 7 or greater indicates a poor GPS coordinate reading. The PDOP ideally should be between 1 and 4 and not exceed 6.

Accuracy can be improved by correcting the positional data from the satellites by using DGPS. Horizontal accuracy in the sub-3-foot range can be obtained by using DGPS and post-processing calculations. Positional data can also be greatly increased by averaging the data points collected over time. The more points that are collected, the greater the accuracy. It is impossible to predict the nature of GPS signal errors and the exact amount of time needed to collect points. Typically, GPS points are averaged over a period of at least 2 minutes and less than 20 minutes.

The operation of GPS units from different manufacturers varies. An instruction manual shall be obtained for the specific GPS unit to be used in the field, and survey crews shall be educated in its use. 
Limitations of GPS Survey

· Elevations cannot be determined accurately. In some cases, accuracy may be to the nearest 10 feet or more. Most environmental applications require elevation accuracy to the nearest 0.01 feet, e.g., top of casing elevation for monitoring wells.

· Tall structures (e.g., buildings, towers) may obstruct signal reception.

· There are times when less than four satellites are in view. At such times the unit ceases data collection and switches to a power saving mode until four or more satellites are in view.

· The data logger has limited memory and may need to be downloaded frequently, depending on extent of use.

· GPS data is subject to selective availability imposed by the United States military. Surveyed data must be corrected and processed to remove accuracy restrictions imposed by selective availability.

4.8 Required Accuracy And Precision 
The required survey accuracy and precision depends on the intended purpose of the survey work. Such requirements could range from gross estimation of a sampling station for inclusion on a small-scale vicinity map to the determination of top of casing elevations to (0.01 feet to establish groundwater gradients. In general, no more than third order accuracy is required for sampling station location and elevation measurements performed in environmental investigations. However, higher accuracies may be required for boundary surveys, topographic surveys, etc. The following sections discuss accuracy and precision requirements for specific survey types.

4.8.1 Environmental Investigations

For environmental investigations, surveying activities generally consist of obtaining horizontal and vertical coordinates of sampling locations designed to assess the migration and extent of contaminants in the soil and/or groundwater. These locations include groundwater monitoring wells, soil borings, and piezometers. The following sections describe precision and accuracy requirements for various field investigation activities. The following table identifies the vertical and horizontal controls required for the various types of environmental investigation sites.

	Type of Site
	Vertical Control 
(ft)
	Horizontal Control (ft)

	Soil Boring/Test Pit
	0.1
	1

	Surface Soil/Sediment Sample Location
	0.1
	1

	Surface Water Sample Location
	0.1
	1

	Monitoring Wells/Piezometers
	0.01
	1

	CPT/HydroPunch Locations
	0.1
	1

	Air Sampling Stations
	0.1
	1

	Biological Stations
	0.1
	1


4.8.1.1 Soil Borings, Cone Penetrometer Test Sites, HydroPunch(, and Test Pit

Surveyed horizontal locations and ground surface elevations for soil borings, cone penetrometer test (CPT), HydroPunch( sites, and test pits are used to graphically plot locations on site maps and are often included in boring logs and test pit logs. The surveyed locations are also used to construct geologic sections or profiles. Horizontal locations shall be staked out to (1.0 foot, and ground surface elevations measured to (0.1 feet. 
Locations of these sites are typically surveyed after completion. Care is taken to measure the original surface elevation as accurately as possible. The location or outline of the sites must be adequately staked to permit the required surveying. In paved areas, spray paint is used to mark the location and other information directly on the pavement.

4.8.1.2 Monitoring Wells, Pumping Wells, and Piezometers 

Horizontal location ground surface and top of casing elevation survey criteria for wells and piezometers are generally similar to those for test pits or borings. However, vertical precision in the elevation measurements is essential due to the groundwater elevation measurements that will be collected after the well installation. 
All survey data, including horizontal location, ground surface elevation, and the elevation of the top of the inner casing, shall be surveyed after well installation. The accuracy of the horizontal plane survey is (1 foot (unless greater accuracy is desired) and is measured to a reference point on the well casing. The vertical plane survey measurements at the ground surface and on the north side of the top of the inner casing are accurate to (0.01 feet. The point at which the elevation is measured on the inner casing must be scribed so that water level measurements can be made from the same location. The FTL (or other designated personnel) is responsible for ensuring that the inner casing is scribed appropriately and for directing the surveying contractor to collect vertical measurements from the correct location. This procedure is to be used for both aboveground and flush-mounted monitoring well completions.

4.8.1.3 Surface Water Sampling Locations 
When grab samples are obtained from the edges of surface water bodies, the sampler can often estimate and mark the approximate location and elevation directly on a site topographic map. Typically, such sampling locations do not require high location accuracy (within several feet), since they are usually only indicated graphically on a site map. However, depending on the accuracy required for the project, a location stake at the shoreline may be installed to mark the sampling location with the station number, coordinates, and water surface elevation. 
Better horizontal control is usually required when samples are to be taken within the surface water body away from the shoreline. The sampler determines sampling locations using on-shore baselines or ranges. In tidal waterbodies, the use of a tide staff (existing or installed previously by the surveyors) may be required by the client. During sampling, tidal elevations should be read to 0.1 feet on the tide staff at a sufficient frequency to observe significant tide changes.

4.8.1.4 Surface Soil Sampling Locations 
The measurement and layout requirements for obtaining a single grab sample of surface soil are comparable to those for soil borings. Where a composited sample is to be collected from a sampling grid, the surveyors stake out the grid and indicate the station number(s), coordinates or orientation of the grid, and ground elevation(s) on the stakes. Generally, a precision of (1.0 foot for location and (0.1 feet for elevation will suffice for grab or grid surface sampling.

4.8.1.5 Air Sampling Stations 

Air sampling stations generally need no more layout precision than for a soil boring. Therefore, horizontal and vertical plane survey accuracy are within (1.0 and (0.1 feet, respectively.

4.8.1.6 Other Sampling Locations

Other sampling points are located using methods similar to those described above. For example, biological sampling stations are established with the same surveying methods and precision as for surface water sampling. For unusual or unique sampling methods, appropriate surveying requirements are developed in consideration of the specific intentions and site conditions. For sampling man-made facilities such as drums, tanks, and pipelines, the sampler identifies these locations directly on a topographic map or as built drawing of these facilities at the time of sampling.

4.8.2 Boundary Surveys

Accuracies for boundary maps are usually determined by State or Municipal law. Generally, second order accuracy is required for the survey so that property boundaries can be established to a precision of one second in their bearing and 0.01 feet in their length. In addition to being graphically plotted to scale on the boundary map, the results of the boundary survey is numerically recorded on the map as the actual bearing and length of each site border.

4.8.3 Topographic Surveys

The results of topographic surveys are usually only represented graphically on maps or design drawings. Thus, the required accuracy and precision of the field survey is dependent upon the required accuracy and precision for the map as determined by the map scale. For a scale of 1 inch = 100 feet, horizontal distances are plotted to the nearest 1 or 2 feet. If the scale is 1 inch = 1,000 feet, the plotting is to the nearest 10 or 20 feet. The accuracy of horizontal measurements in the field is specified in the project-specific work plans. Vertical field survey measurements are depicted on maps graphically as contour lines and numerically as spot elevations. Such vertical field measurements are to a precision of (0.01 feet. Commonly, maps showing contour intervals of 1 foot or more indicate spot elevations between or beyond contour lines to the nearest tenth of a foot.

4.8.4 Aerial Surveys

Aerial photography standards for preparation of topographic maps are dependent upon the specific equipment and techniques used in obtaining the photographs and preparing the maps. These standards are project-specific and are defined in the project-specific work plan.

4.8.5 As-Built Surveys

As-built surveys hall show locations of all buildings, utilities, curbs, roads, walks, and other structures. Locations are referenced to base lines or to at least two other fixed points.
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