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UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
CONSERVATION DIVISION

GEOTHERMAL RESOURCES OPERATIONAL ORDER NO. 7

Effective January 1, 1977

PRODUCTION AND ROYALTY MEASUREMENT, EQUIPMENT, AND TESTING PROCEDURES

This Order is established pursuant to the authority prescribed in

30 CFR 270.11 and 270.12 and in accordance with 30 CFR 270.60, 270.64,
270.74, and 270.75. All geothermal production and the resulting pro-
duced energy (electricity) or byproducts, and leasehold operational
utilization thereof, shall be measured and monitored in accordance with
the provisions of this Order.

All variances from the requirements specified in this Order shall be
subject to approval pursuant to 30 CFR 270.48. References in this
Order to approvals, determinations, or requirements are to those given
or made by the Area Geothermal Supervisor (Supervisor) or his delegated
representatives.

All metering systems shall be approved by the Supervisor prior to in-
stallation. Field production metering shall be accomplished with suf-
ficient accuracy to assure that royalty calculations using such meas-
urement data will result in fair market value to the Government, and to
enable evaluation of well and reservoir production performance and
trends. Where royalty is due on other than a well production basis,
i.e., plant output in kilowatt hours or production of byproducts, me=-
tering systems used in that regard shall also be approved by the
Supervisor.

1. Metering. The general requirements and accuracy for measuring pro-
duction and utilized energy or byproducts of geothermal resources are
outlined below:

A. Measurement of Production. Surface facilities and measuring
devices shall be installed so that the production mass flow rate (or
volume, when appropriate) of water and/or steam and the pressure and
temperature of the produced fluids from each well are accurately deter-
mined. If metering is not to be accomplished on a continuous basis,
each well shall be gauged periodically at the frequency prescribed by
the Supervisor.
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The operator shall maintain detailed records available for inspection
by the Supervisor concerning the performance measurements relative to
each well. The record shall show average flow rates, temperature,
pressure, and any other pertinent data gathered. Except for drilling
and well workover operations, and low rate venting of new geothermal
wells to prevent well bore damage prior to facility hook up, vented
production shall also be measured and reported.

Each well shall be equipped to permit fluid sampling for determining
the enthalpy and chemical content of produced geothermal fluids. En-
thalpy and chemical analysis for each well shall be provided the
Supervisor yearly or more frequently if required by the Supervisor.

B. Royalty Metering. Metering systems involved in the calculation
of royalty values due shall be designed, installed, operated, and main-
tained to attain the accuracy herein specified. However, the Supervi-
sor may require greater accuracy where conditions dictate that necessi-
ty and the technology exists, or may permit a lesser degree of accuracy
when physical problems, such as severe corrosion or scaling, preclude
attainment of the desired standards.

(1) Steam. Dry steam metering systems and the mass flow cal-
culations derived therefrom shall be designed and maintained to achieve
an accuracy of +4.0% of the measured flow.

(2) Hot Water. Hot water metering systems and the mass flow
or volumetric calculations derived therefrom shall be designed and
maintained to achieve an accuracy of +2.0% of the measured flow.

(3) Steam and Water (two-phase flow). Metering of two-phase
flow shall be designed and maintained to achieve the maximum reasonable
attainable accuracy consistent with the nature of the production to be
measured. Due to the complexity and difficulties involved in this type
of metering, the Supervisor shall establish the initial accuracy limits
for each specific installation based on the nature of existing flow con-
ditions and commensurate with the then existing state-of-the-art. The
operator shall, upon request, demonstrate to the satisfaction of the
Supervisor that the approved metering system(s) being employed is oper-
ating within the prescribed range of accuracy. The Supervisor is au-
thorized, when warranted, to require modifications in the system con-
sistent with new technology to improve the accuracy of measurement or,
when required accuracy is not attainable, to direct that the two-phase
fluid flow be separated and the steam and water metered individually.

(4) Heat Content. Where the heat content of produced water or
steam is the primary use, including but not limited to heating a green-
house complex, space heating, and plant processing, metering systems
shall be designed and maintained to achieve an accuracy of *2.0% for
both the input and discharge flows.
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(S) Electrical Power Output or Consumption. Where the re-
source sales payment is equated to kilowatts of electric power output
or geothermal-produced electricity is consumed in geothermal opera-
tions, the metering systems shall be designed and maintained to achieve
an accuracy of +0.5%.

(6) By-Products. When the by-product is in liquid form, me-
tering accuracies shall be maintained within +1.0%. When the by-
product is a solid, measurement thereof shall be either by volume or
weight and shall be accurate to +1.0%.

(7) Waste Heat. Waste heat shall be metered in accordance
with the standards set forth in 1.B.(4) when such measurements are in-
volved in royalty calculations.

C. Non-Rovalty Metering. Measurement of produced or injected flu-
ids that are not involved directly in royalty calculations, such as
waste waters or injected waters shall be metered with accuracies suffi-
cient to evaluate well, reservoir, and project performance. Such me-
tering systems shall be designed and maintained to achieve an accuracy
of +5.0%, unless otherwise specified by the Supervisor.

2. Commingling Production. In accordance with 30 CFR 270.64, the
Supervisor may authorize a lessee to commingle production from wells on
a lease with production from other leases held by the lessee or by oth-
er lessees subject to such conditions as the Supervisor may prescribe.
Where utilization of the geothermal resource for energy and/or by-
products involves commingling production from two or more leases, the
following conditions and requirements shall be met:

A. The surface facilities, metering, and fluid sampling systems
employed shall be approved by the Supervisor.

B. The commercially utilized production leaving each lease shall
be measured in accordance with the standards set forth in Section 1
hereof, either on or off the leasehold, in a manner that will allow ac-
curate allocation and royalty calculation for that lease.

3. Common Storage. Where commercial utilization involves common stor-
age from two or more leases, e.g., a common brine evaporation pool for
production of chemical by-products, the contributions of each lease to
that facility shall be measured in accordance with the standards set
forth in Section 1 hereof, either on or off the leasehold, in a manner
that will allow accurate allocation and royalty calculation for that
lease. The surface facilities, metering, and fluid sampling systems
employed shall be approved by the Supervisor. ‘

4. Meter Testing and Maintenance. All meters and metering systems
shall be maintained in acceptable working condition and shall be in~
spected, tested, and adjusted to meet appropriate design standards.
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The frequency and stringency of tests shall be prescribed by the Super-
visor. The Supervisor may witness any periodic metering system test or
inspection, and the operator shall schedule an acceptable time and date
for such tests when requested by the Supervisor.

A. Rovalty Meter Tests and Inspections. The following tests and
inspections shall be performed on all meters involved in royalty calcu-
lations. Depending on inspection results, the Supervisor may alter the
inspection frequencies herein specified.

(1) Orifice Meter Tests and Inspections.

(a) Visual functional inspection shall be performed as
part of the daily well check. Recorders shall be inspected for mal-
functions at that time and repaired if necessary.

(b) Recorders shall be inspected and the calibration
checked with master test gauges at least once per month. The equipment
used for the calibration check shall verify the differential and static
pressure ranges. Field error of a meter exceeding +1.0% of the meter's
differential and static pressure ranges shall require removal of that
instrument and installation of a recalibrated instrument.

(¢) Orifice plates and meter tube runs shall be inspected
by the operator for wear and recalipered to the nearest thousandth of
an inch. Worn plates or runs shall be remachined or replaced. The in-
spection period shall depend on well performance and on the production
demand, but meter runs and accessory equipment shall be inspected at ,
intervals not exceeding one year.

.(2) Turbine Meter Tests and Inspections.

(a) Daily readout checks shall be made to verify func-
tional operation.

(b) At least once every six months, the turbine meter
shall be checked for accuracy with a prover. If a descrepancy in ex-
cess of +#0.5% over limited range or +1.0% over stated range is noted,
the meter shall be inspected for bearing wear, turbine damage, or cor-
rosion and repaired or replaced as necessary.

(3) Electrical Meters (Power Meters).

(a) Inspect daily for functiocn.

(b) A detailed check and inspection shall be accomplished
at least once each month.

(¢) At least every six months, the meter shall be cali-
brated with a master meter. The meter shall be repaired or replaced if
a discrepancy greater than +0.5% is found.
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(4) Other Types of Meters.

(a) Where metering systems depend on static and differen-
tial pressure measurements, e.g.., venturi or nozzles, testing shall be
as outlined above for orifice meters in 4.A.(1l).

(b) Testing procedures and frequencies for all other me-
tering systems shall be as approved by the Supervisor.

B. Non-Rovalty Meter Tests and Inspections. Metering systems
measuring produced or injected fluids which are not involved in royalty
calculation shall normally be checked at least weekly for functional
operation, and be inspected, calibrated, and/or proven at yearly inter-
vals to demonstrate an overall accuracy of #5.0%, unless otherwise
specified by the Supervisor.

5. Application for Meter Installation. All metering systems shall be
approved by the Supervisor prior to installation. Approval may be ob-
tained by inclusion of the required details in a Plan of Exploration,
Development, or Production, or where appropriate, separately by submis-
sion of a Sundry Notice, in triplicate, to the Supervisor.

Applications shall include the following information:

A. - Purpose of the meter and whether it will be involved in royalty
calculatidns.

B. Location; e.g., Well No. 53-6, SE4SE%, Section 6, T. 3 s.,
R. 10E., M.D.M.

C. What is to be metered, such as steam, water, oOr combination
thereof, and appropriate physical characteristics, such as the tempera-
ture, pressure, density, corrosive or scaling tendencies, and a chemi-
cal analysis.

D. Anticipated average and range of daily rates to be metered.
E. If the meter is involved in royalty calculations, the estimated
monthly gross dollar value that will be measured by the meter and how

the measurement will be used in royalty calculations.

F. Drawing of the installation showing piping, locations of equip-
ment, and valves.

G. If not shown in a drawing, indicate (a) type of meter, manufac-
turer, model number, and range of coverage; (b)pressure ratings of
piping, valves, and other equipment; and, (c)design code or standards
used for installation design.

H. Anticipated accuracy.
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I. Proposed inspection, testing or calibration procedures and the
testing schedule.

Al rihsn

Reid T. Stone
Area Geothermal Supervisor

APPROVED:

Russell G. Wayland
"Acting Chief, Conservation Division
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