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To the engineers who make better decisions when simulation, data, and

judgement meet in the same workflow.



Preface

This book is the industrial-workflow follow-up to Industrial Agentic Engineer-
ing with NeqSim [1]. The first book introduces the physics engine, agents, skills
and reproducible calculations. This volume shows how to work with multiple
specialist agents and engineering tools in an industrial context: connecting
documents, historians, laboratory and production databases, maintenance
records and process models in one reviewable workflow. Readers looking for
that practical cooperation should begin with Chapters 1-3, then follow the
data handoffs and worked study in Chapters 4-10.

An engineering question at an oil and gas facility rarely belongs to one
tool. Explaining a compressor’s rising power demand may require a historian
interval, a laboratory composition, an approved vendor curve, a maintenance
record and a thermodynamic model. Each provides a different part of the
answer. This book shows how an agent can coordinate those contributions into

a study that an engineer can inspect, challenge and reuse.
The central workflow is straightforward: define the decision, retrieve evi-

dence, reconcile its meaning, run the appropriate models, compare alternatives,
review the findings and retain the result. The chapters explain what moves
between those steps: records, units, timestamps, source revisions, model inputs,
diagnostics and unresolved questions. Tool cooperation is useful when those

handoffs remain visible.

Industry scope

The examples span offshore and onshore production, gas processing, pipeline
systems and LNG interfaces. The same integration principles support other
process facilities. The book uses public commercial products and open stan-
dards as examples of system categories; it does not describe an operator’s
internal tools, databases or facilities. A document-management system, a
historian, a laboratory information system, an enterprise asset-management
platform and a production database each have a distinct role.

Naming a product does not mean a connector is installed, licensed or

available to NeqSim. Every deployment must establish its approved interface
and verify the data contract. NeqSim supplies physical calculations where its

models apply. Other tools supply data access, document interpretation, spe-
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PREFACE

cialist calculations, visualization, engineering review and the existing process

for implementing an approved action.

How to read the book
Chapters 1-3 explain the workbench: the engineering question, MCP interfaces,

agents, skills and shared study context. Chapters 4-5 connect industrial records
to process and equipment models. Chapters 6-8 cover safety studies, opera-
tional workflows and governance. Chapters 9-10 bring the tools together in a

worked study and reusable playbooks.
The two books can be read in sequence or used together: consult the first for

calculation and platform foundations, and this follow-up for industrial data,

multi-agent cooperation and tool handoffs.

Calculations and illustrations

The worked scenarios are teaching cases with invented assets and inputs.
Numerical results described as calculated are linked to a retained verification
record that identifies the model and source revision. Other example numbers
remain explicitly hypothetical. Reproducing a software result is distinct from
validating a model against independent measurements, and neither establishes
plant-specific design acceptance.

The diagrams show conceptual tool handoffs. The industrial scene and cover
are Al-generated editorial illustrations. They represent no real facility, mea-
sured performance or approved engineering drawing. Each diagram is followed

by an explanation of its engineering purpose.

Prerequisites and acknowledgements

Readers should understand basic process engineering and operating data. Con-
figuration and code examples are explained in the context of the decision they
support. This edition was developed with NeqSim PaperLab’s book-authoring,
case-continuity, traceability and typesetting workflows, with specialist review

and calculation checks.
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PART I: THE AGENTIC ENGI-
NEERING WORKBENCH




CHAPTER 1

Agentic Engineering and the

Facility Operations Challenge

Learning Objectives

After reading this chapter, the reader will be able to:

1.
2.

Explain why agentic engineering changes the interface to process simulation.
Distinguish between a language model, a physics engine, and a governed

tool server.

. Describe how faster access to technical data changes the scope of possible

engineering studies.

. Identify the human review points that remain essential when agents accel-

erate analysis.

Online companion: The online book covers this ground in its Why Agentic
Engineering? and The NeqSim Physics Engine chapters, with detailed EOS
tables, flash-calculation theory, and the four-layer architecture diagram. This
chapter gives a shorter operational framing and then moves into the data

ecosystem and workflow patterns that the online book does not cover in depth.

1.1 From Simulation Files to Simulation Conversa-

tions

Process simulation has always been more than a numerical calculation. A useful

simulation study starts with a question, gathers data, chooses assumptions,

builds a model, runs scenarios, checks results, and turns those results into a

decision. The solver is only one step. A flash calculation may run in a fraction

of a second, while finding the right composition, design pressure, equipment

15
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datasheet, and operating history can take hours. The practical bottleneck is
often the translation between people, documents, databases, and software.
Agentic engineering changes that translation layer. A large language model

can read a natural-language request, identify what data is missing, call tools,
write small pieces of code, inspect results, and draft a report. It must not
invent thermodynamic numbers. A tool-backed answer is useful only when the
selected model, input basis, convergence checks, and validation evidence fit
the engineering question. Tool access makes these checks possible; it does not
make a language model inherently trustworthy. This division of labour is the
core idea of the new workflow: the model coordinates, the simulation engine

computes, and the engineer judges.
NegSim is well suited to this role because it is both a thermodynamic

engine and a process simulation framework. It contains equations of state, flash
calculations, physical property models, process equipment, pipeline models,
mechanical design helpers, standards calculations, and reporting utilities [2, 3].
The NeqSim MCP server exposes selected parts of that capability through the
Model Context Protocol (MCP), so an LLM host can discover and invoke tools

without knowing the internal Java APT [4].
The important shift is not that engineers can ask a chatbot for an answer.

The important shift is that engineers can ask for an auditable workflow. A
prompt such as “check the dew point and hydrate margin for this gas at
arrival conditions” can become a sequence of explicit operations: validate the
composition, run a flash, calculate hydrate temperature, compare against a
margin, record assumptions, and prepare a short conclusion. Each operation

can be logged, reproduced, and reviewed.

16
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Figure 1.1: Industrial assets, evidence sources, simulation and human review form one

connected engineering workflow.

Discussion (Figure 1.1).
The industrial scene connects production, processing and export assets to

several kinds of evidence. Documents describe the installed equipment; mea-
surements describe operation; laboratory and maintenance records add fluid
and condition context. An agent can bring these contributions together, but
their different meanings must survive the handoff. Start a study by identifying
which of these sources the decision actually needs.

1.2 What Is NeqSim?

NeqSim (Non-Equilibrium Simulator) is an open-source Java library for ther-
modynamic and process simulation, developed since 2002 and maintained on
GitHub (2, 3]. This book uses it as the calculation engine within a wider oil
and gas engineering workflow; source systems and specialist applications retain
their own roles.

At its core, NeqSim contains a thermodynamic engine with multiple equa-

tions of state:

17
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Equation of state Typical application
SRK (Soave-Redlich-Kwong) General hydrocarbon systems, gas processing.
PR (Peng-Robinson) Reservoir fluids, refinery, and petrochemical.
CPA (Cubic Plus Association) Systems with polar molecules: water, methanol,

MEG, glycols.

UMR-PRU Gas and petroleum mixtures where suitable model

parameters are available.

Electrolyte CPA Aqueous electrolyte systems, subject to the imple-

mented species and phase-model coverage.

GERG-2008 Natural-gas mixture properties within the model’s

component and operating ranges.

NeqSim also provides:

Flash calculations: TP, PH, PS, dew point, bubble point, hydrate equi-
librium, and multiphase checks.

Physical properties: Density, viscosity, thermal conductivity, surface
tension, diffusion coefficients, and speed of sound, using both corresponding-
states and specialised correlations.

Process equipment: Separators, compressors, heat exchangers, valves,
pumps, mixers, splitters, distillation columns, pipelines (Beggs and Brill),
reactors, and flare systems.

Modular field models: ProcessSystem for single process areas and
ProcessModel for multi-area plants, with recycle convergence and shared
streams.

Dynamic simulation: Time-stepping with runTransient , PID controllers,
measurement devices, blowdown, and control-loop tuning.

Mechanical design: Wall thickness, separator internals, well casing (API
5C3), and cost estimation.

Standards calculations: ISO 6976 (gas quality), AGA 8, GPA 2145, and
other gas and oil property methods, subject to checking the implemented
edition.

Component database: Pure-component records and support for petro-

leum fractions (TBP, plus-fraction characterisation).

NeqSim can be used directly as a Java library, through Python bindings
(via JPype), or through the MCP server described in Chapter 2. The MCP

server exposes selected NeqSim capabilities as structured tools that any MCP-

compatible client can discover and call without knowing the Java API.

18
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1.3 The Three-Layer Pattern

The agentic process-simulation workbench has three layers.

Layer Primary role Typical examples

Agent host and language Interprets intent, plans An approved desktop as-

model steps, writes explanations sistant, IDE, or enterprise
workbench

Tool and access layer Exposes bounded capabil-  NeqSim MCP server, doc-

ities through typed inter-  ument readers, historian

faces adapters, validation tools

Source systems and engi- Retains records and per-  Laboratory, well, histo-
neering engines forms specialist calcula-  rian, document and main-
tions tenance systems; NeqSim

and specialist solvers

The language model should not be treated as a calculator. It should be treated
as a coordinator that can read and write around calculators. The tool layer
defines what the model is allowed to call. The source and engine layer carries
different kinds of evidence: measured values, approved documents, derived
models, and calculated predictions. None should be treated as universal truth;

their authority and limitations differ.

This pattern is closely related to reasoning-and-acting agent architectures
in the AI literature [5, 6]. The industrial difference is that the actions are not
web searches or generic code snippets. They are engineering operations with
units, standards, access controls, and review requirements. A tool call that
sizes a relief valve has a different risk class than a tool call that lists available
component names.

Figure 1.2 follows a record through four workflow stages. These stages cross
the three software layers above: source records, integration, calculation, and

engineering review.

19
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TOOL COOPERATION / 01

From industrial evidence to an engineering decision

Different tools contribute different kinds of knowledge to one traceable study.

EVIDENCE HANDOFF CALCULATION DECISION

Industrial records Integration tools Simulation tools Engineering review
Documents and drawings Retrieve and extract NeqSim properties Compare alternatives
Historian measurements Resolve asset identity Process and equipment Explain uncertainty

Lab and production data Align time and units models Approve the next action

Specialist calculations

The shared study record

Asset IDs + source revisions + timestamps + units + model version + review status

The agent coordinates these contributions. Source systems and models retain their distinct responsibilities.

Figure 1.2: Four cooperating stages carry industrial records through integration and simu-

lation to engineering review.

Discussion (Figure 1.2).
The handoffs are the important part of this diagram. A document reader

should return a cited value, not an unexplained number. A simulation should
return its input basis and diagnostics, not just a recommendation. Keep those
records together so the reviewing engineer can trace a conclusion back through
the tools that produced it.

1.4 Why Data Access Changes the Study Envelope

Traditional process studies are limited by the cost of assembling evidence. A
team may run a single base case and a handful of sensitivities because each
case requires manual data gathering: one person exports historian tags, another
finds the latest datasheet, another checks whether the design basis has changed,
and another copies results into a report. When the evidence chain is manual,

studies become narrow.
Agentic engineering broadens the study envelope. If an approved document

retrieval agent can fetch a compressor datasheet, an approved historian inter-
face can collect the last 30 days of inlet conditions, and a maintenance adapter

can summarize recent maintenance notifications, then a model can ask better

20
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questions. It can compare current compressor performance against vendor
curves, detect whether a heat exchanger has drifted since the last cleaning,
or evaluate whether a separator debottlenecking option is constrained by an
existing nozzle rating.

The value is not only speed. It is scope. Many studies that were previously

too expensive to do routinely become practical:

e daily hydrate-margin screening using live composition and temperature tags;
e compressor operating-point checks against retrieved vendor curves;

o relief-load re-screening when operating envelopes change;

e production-optimization scenarios tied to current equipment constraints;

e emissions and energy studies using current fuel, flare, and power data;

o safety-barrier reviews that link simulations to as-built documents.

None of these workflows removes engineering accountability. The agent can
assemble evidence and perform calculations faster, but the study team still
owns assumptions, acceptance criteria, and final decisions. The new capability

is that more scenarios can reach the review table with traceable evidence.

1.5 The Oil and Gas Tool Ecosystem

The workflow applies to offshore production, onshore gathering, gas treatment,
LNG feed preparation, pipelines, terminals, and brownfield modifications. The
process boundary changes between these settings; the need to connect mea-
sured conditions, equipment constraints, physical predictions, and accountable
engineering decisions does not. A company-specific repository or tag naming
scheme should therefore be an adapter choice, not the organizing principle of

this book.
Three distinctions keep the architecture understandable. A system of

record stores authoritative records for a defined purpose. An access or
preparation tool retrieves and transforms those records. A simulation or
analysis tool calculates a result. A historian is a source platform; a Python
historian client is an access library; NeqSim is a simulation engine. MCP is the
interface used by an agent host to discover and invoke exposed tools. These

terms are not interchangeable. [2, 4, 7]
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Evidence domain

What the workflow ob-

tains

Tool cooperation and

downstream use

Laboratory and PVT

Wells and reservoir

Production and allocation

Historians and online mea-

surements

Engineering  documents

and project records

GIS, survey and 3D engi-

neering

Maintenance and integrity

Modification and process

safety

Energy, emissions and eco-

nomics

Sample identity, composi-
tion, water and contami-
nant analyses, PVT mea-

surements

Well identity, completion

state, pressure support,
deliverability and forecast

cases

Well tests, metering, allo-
cation revisions and down-
time
Pressure, temperature,
flow, power, valve status,
timestamps and quality
flags
Datasheets, P&IDs, ven-
dor maps, line lists, design

basis and revisions

elevation, depth,

topology and physical con-

Route,

figuration

Equipment hierarchy,

work orders, inspection
findings and degradation

history

Approved changes, con-
figuration status, hazard
studies and barrier evi-

dence

Fuel and power records,
flare accounting, emissions
factors and cost assump-

tions

A laboratory reader sup-
plies a fluid specialist with

a reviewed fluid basis.

Subsurface tools provide

boundary conditions to
the well and facility
model.

A reconciliation  tool

checks throughput on a

common time and volume
basis.

A time-series tool selects

operating windows and

distinguishes inputs from

validation measurements.

Search and technical-read-

ing tools extract con-

straints with page-level

evidence.

Geometry preparation
supplies model segments

and equipment locations.

Maintenance tools test op-
erational explanations and
feasible intervention win-

dows.

Review tools identify af-
fected scenarios and unre-

solved change conditions.

Accounting and analysis
tools translate scenario re-
sults into decision mea-

sures.

This table is a study-design map, not a list of automatically available connec-

tors. Each deployment must demonstrate its actual read interface, access rights,
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supported record types, and source provenance. For example, AVEVA PI
System and Aspen InfoPlus.21 are historian products; SAP asset management
and IBM Maximo are examples of maintenance platforms. Their presence does
not imply that a NeqSim MCP server can query them. An approved adapter
or reviewed export must make the handoff. [7, 8, 9, 10]

The recurring case in this book is an existing facility evaluating a changed
feed and a compression constraint. The laboratory tool establishes which fluid
is present. Production records establish when and at what rate it arrived.
The historian establishes how the compressor operated. Documents establish
the installed machine’s limits. NeqSim predicts the effect of a proposed case.
Maintenance, safety, and emissions tools determine what that prediction means
for a practical recommendation. A failure in any handoff can invalidate an

otherwise converged calculation.
Steady-state and dynamic simulation remain complementary calculation

modes. The former supports a settled operating-point comparison; the latter
addresses time-dependent inventories and responses. A transient calculation
requires suitable equipment models and time-dependent boundary conditions.
Selecting a mode is an engineering decision, not a switch that guarantees
the relevant physics is represented. Chapter 4 follows the evidence through

preparation; Chapter 5 follows it through the modular process model.

1.6 What Makes This Different from a Traditional
Digital Twin

Digital twins are often described as continuously updated models of physical
assets. In practice, many digital twins struggle because model maintenance is
expensive. Tag names change. Equipment is modified. Documents are revised.

Operating modes shift. A model that was accurate during commissioning can

drift unless people keep feeding it current information.
Agentic workflows can reduce this maintenance burden. They can use histo-

rian data to identify recent operating envelopes, document retrieval to refresh
equipment constraints, and process automation APIs to set model variables by
string-addressable names. A modular field model can then be used for both
steady-state studies and detailed equipment checks. The model does not have
to be a monolithic file that only a specialist can understand. It can be a set
of connected process areas with explicit data links, validation steps, and saved
states.
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This is why the MCP server matters. It gives the LLM a governed way to
call the simulation engine. It does not ask the model to remember the NeqSim
Java API. It publishes tools, schemas, examples, resources, and validation
metadata. The LLM can inspect the tool catalogue, choose a calculation, pass
structured input, and receive structured output. The engineer can inspect the

same output.

1.7 The Human Role Moves Upstream and Down-
stream

When agents accelerate calculation, the human role does not disappear. It
moves to the points where judgement matters most.

Upstream, engineers define the question. They decide whether the study
is a quick screening, a standard study, or a comprehensive decision basis.
They decide which standards and jurisdiction apply, which data sources are
approved, what uncertainty ranges are credible, and what acceptance criteria

will be used.
Downstream, engineers review the answer. They check whether the result

is physically plausible, whether the model is inside its validation envelope,
whether the retrieved data is current, and whether the recommendation is ap-
propriate for the decision. Agentic engineering is powerful precisely because it
creates more material for this review. It can produce a notebook, a results.json
file, a report, a standards map, and a trace of tool calls. That is far better than

an unsupported number copied into an email.

1.8 A Day in the New Workflow

Imagine a production engineer arriving in the morning to a question from
operations: gas export was reduced overnight because the arrival temperature
in the export line approached the hydrate-management limit. The old workflow
might start with email: ask for the latest composition, export the relevant
historian tags, find the hydrate curve used last year, locate the pipeline route
data, and ask a simulation specialist to rerun a case. By the time the result is
ready, the operating situation may have changed.
In an agentic workflow, the engineer starts with a bounded request:
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Screen hydrate margin for the last 12 hours of export operation.
Use approved

historian tags, the latest reviewed gas composition, and the
NeqSim hydrate

method. Report source windows, model assumptions, minimum margin,
and whether

specialist review is required.

The assistant does not invent the answer. It routes the task. A plant-data
agent retrieves pressure, temperature, flow, and inhibitor tags. A document or
data agent retrieves the latest approved composition and route assumptions.
A NegSim tool calculates hydrate temperature at selected operating points. A
reporting step summarizes the tightest margin, lists rejected bad-quality tags,
and marks whether the result is a screening or a decision basis. The engineer
then reviews the evidence and decides whether to escalate.

The same pattern can apply to many daily questions. A compressor study
can retrieve a vendor curve and calculate actual head. A heat exchanger study
can compare predicted and measured duty. A relief screening can use the
current operating envelope to decide whether a formal update is needed. The
common theme is that the workflow becomes evidence first, calculation second,

recommendation third.

1.9 From Pattern to Infrastructure

The workflows described above — hydrate screening, compressor study, heat
exchanger comparison — share a common pattern. Each one combines technical
documentation, field measurement data, and NeqSim simulation. The question
is whether this pattern remains an informal convention that each agent must
reinvent, or whether it becomes a programmable infrastructure that agents
invoke.
NeqSim takes the infrastructure approach. The neqgsim.process.operations
package provides Java classes that implement the data-to-model binding;:
e OperationalTagMap maps logical tag names to historian tags and simulation
variables, so field data can be applied to a process model in a single call.
e OperationalEvidencePackage orchestrates a tag map, field data, scenarios,
and benchmark comparisons into a single structured JSON report.
e OperationalScenarioRunner executes what-if scenarios defined as ordered

action lists, returning before/after comparisons.
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e ControllerTuningStudy evaluates controller performance from step-response
time-series, computing IAE, overshoot, settling time, and stability.

e WaterHammerStudy combines route geometry, fluid properties, valve events,
and supplied operating-data overrides into a transient screening.

The neqgsim.process.diagnostics package provides a RootCauseAnalyzer that

can rank configured failure hypotheses using supplied evidence. Reliability

handbooks, operating windows, document limits, and simulation results must

be provided through an explicit mapping; the class name does not imply a live

connection or a licence to a reliability database.

The negsim.process.safety sub-packages provide consequence screen-
ing tools:  GasDispersionAnalyzer  for release-to-dispersion analysis,
ReleaseDispersionScenarioGenerator for building release scenarios from a
process model, TrappedLiquidFireRuptureStudy for blocked-in pipe segments,
and CfdSourceTermExporter for formatting source terms for specialist CFD
tools.

Selected workflows are exposed through MCP tools. A client must discover
the installed server catalogue and inspect its action schema before assuming
that a particular Java class or method is available. A notebook may also invoke
Java through the source-backed Python workflow. These are different execution
paths and their versions belong in the same study record. [11] The important
design principle is that the classes are orchestration classes. They do not replace
NeqSim’s flash calculations, EOS models, or equipment solvers. They combine
those existing capabilities with external data sources into structured, auditable

workflows.
The rest of this book explores these classes in context. Chapters 4 and

7 describe the data foundation and operational workflows. Chapter 6 covers
safety. Chapter 9 presents a complete worked pattern that shows how the
classes fit together in a realistic field study.

1.10 What Changes for Engineers

The new workflow changes the skill profile of a process engineer. It does
not remove the need to understand thermodynamics, equipment, or safety. It

increases the value of asking precise questions and reviewing evidence.
Engineers need to become good at specifying model boundaries. A prompt

such as “optimize production” is too vague. A better prompt states the decision,

time horizon, constraints, and acceptable output: “screen whether production
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can be increased by 5% for the next 24 hours without reducing hydrate margin
below the operating criterion, exceeding compressor driver load, or increasing
flare rates.” This is not just better prompting. It is better engineering problem
definition.

Engineers also need to become good at evidence review. When an agent
extracts a design pressure from a datasheet, the reviewer should ask whether
the document revision is current, whether the value is design or operating
pressure, whether the unit is absolute or gauge, and whether the extraction
was OCR-based. When an agent reads a historian tag, the reviewer should ask
whether the instrument was healthy, whether the selected window was steady

state, and whether all tags came from the same operating period.
Finally, engineers need to become good at model-risk thinking. A NeqSim

flash calculation may be numerically correct but still unsuitable for a particular
fluid, pressure range, or design decision. An MCP tool may expose a validated
calculation, but the validation envelope must still match the task. The new

workflow makes these checks more visible. It does not make them optional.

1.11 Summary

Agentic engineering is a new interface to facility operations. The language

model coordinates, NeqSim computes, MCP exposes tool interfaces, and

industrial data sources provide evidence. The outcome is not an autonomous

engineer. It is a faster, more traceable workflow where more operational

scenarios can be studied and reviewed.
Key points from this chapter:

e The main productivity bottleneck in simulation is often data translation,
not solver runtime.

e MCP turns NeqSim capabilities into discoverable, typed, auditable tools for
LLM clients.

e A source platform, access library, exchange standard, and simulation engine
have distinct roles.

e Tools cooperate by passing reviewed evidence and named scenario inputs,
rather than by sharing an unstructured conversation.

e The relevant source domains depend on the question; integration must be
demonstrated for the installed system.

e Human engineers remain responsible for questions, assumptions, acceptance

criteria, and final decisions.
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Exercises

1.

Workflow decomposition: Choose a recent process-simulation task and
list the steps that were calculation work versus evidence-gathering work.
Tool boundary: Identify three subtasks that an LLM should coordinate
but not compute from memory.

Review point: For a hydrate-margin screening, define the minimum evi-

dence an engineer should review before using the result.
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CHAPTER 2

Connecting NeqSim MCP, In-
dustry Tools, Agents, and Skills

Learning Objectives

After reading this chapter, the reader will be able to:
1. Install and smoke-test the NeqSim MCP server through the Docker distri-

bution.

2. Configure VS Code Copilot Chat to use NeqSim through .vscode/mcp.json .

3. Install the NeqSim agent and skill pack that teaches the assistant how to
use the MCP tools.

4. Explain the difference between STDIO and Streamable HTTP MCP trans-
ports.

5. Run a first engineering conversation that calls a NeqSim tool rather than

relying on model memory.

Online companion: The online book covers MCP setup in its Getting
Started chapter and the full MCP protocol, governance tiers, and valida-
tion profiles in its The MCP Server chapter. This chapter focuses on the
Docker distribution path, practical troubleshooting, and deployment profiles

for industrial teams.

2.1 A Repeatable Runtime for the Calculation Tool

The NeqSim MCP server can be distributed as a Java runner jar or as a Docker
image. For teams with an approved container runtime, Docker is a useful
distribution path because it packages the server runtime, Java dependencies,

and startup command into a single image. The user does not need to install
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a matching Java runtime or manage classpaths. The LLM client starts the
container, sends MCP JSON-RPC messages through standard input/output,
and receives tool responses.

Docker also gives repeatability. A study team can pin an image tag, docu-
ment the exact server version used for a study, and rerun the same calculation
later. For regulated or safety-relevant engineering, this matters. The question
is not only “what result did we get?” but “which model version, which tool

contract, and which validation profile produced it?” [11, 12].
The local Docker configuration below is an example for a reviewed deploy-

ment. Verify the image repository and release tag against that deployment’s
release instructions before use. A mutable latest tag is shown only for intro-

ductory setup; record a resolved image digest for a reproducible study.
docker pull ghcr.io/equinor/neqsim-mcp-server:latest

Perform the smoke test through an MCP-capable client: establish a session,
complete initialization, then request tools/list . A single JSON line piped to a
process is not a full MCP session and should not be used as the acceptance test.
Record the server identity, negotiated protocol, tool list, and a small public
calculation result. This separates image availability, protocol compatibility, and

engineering correctness into independently reviewable checks. [13]

2.2 Connecting VS Code Copilot Chat
GitHub Copilot Chat in Visual Studio Code can act as an MCP client

when a workspace declares available servers. The configuration lives in
.vscode/mcp.json . VS Code supports workspace server configuration in this file;
other approved MCP hosts use their own configuration format. For a Docker-

based NeqSim server, an example is: [14]

{
"servers": {
"neqsim": {
"type": "stdio",
“command": "docker",
"args": [

run", "-1i", "--rm",
"ghcr.io/equinor/negsim-mcp-server:latest"
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}

Start and review the configured server in the client, then inspect the discovered
tool catalogue. Client trust settings and organization policy may control which

tools are available. The engineer can then ask a question such as:

Use NeqSim to calculate the dew point temperature of a gas with
85 mol% methane, 10 mol% ethane, and 5 mol% propane at 50 bara.
Report the EOS model, convergence status, and limitations.

The important phrase is “Use NeqSim”. It tells the assistant that the answer
should come from a tool call, not from a memorized or approximated response.
The model should select an appropriate flash or phase-envelope tool, provide a
structured input object, and summarize the returned result. If the MCP client
shows tool-call details, the engineer should inspect them during early use to

build confidence in the workflow.

2.3 Installing the NeqSim Agent and Skill Pack

The MCP server is the calculation layer. It exposes NeqSim tools, schemas, and
resources. It does not by itself teach the assistant how a NeqSim engineering
study should be planned, which standards to check, how to structure evidence,
or when to stop for human review. That guidance lives in NeqSim agents

and skills.
For a useful Copilot setup, distribute the MCP server together with a small

agent and skill pack from the NeqSim repository:

Repository source Workspace destination Purpose
.github/ .github/agents/ Specialist behaviours such
agents/*.agent.md as process simulation, flow

assurance, plant data,
technical reading, and
safety.
.github/skills/<skill- .github/skills/<skill- Domain procedures,
name>/SKILL.md name>/SKILL.md API patterns, standards
)
checks, and validation

rules.
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Repository source

Workspace destination

Purpose

.github/
copilot-instructions.md

.github/
copilot-instructions.md

or local project instruc-

tions

Common repository rules
and NeqSim usage conven-

tions.

An organization can provide this as a versioned “NeqSim Copilot pack” in one

of three ways:
1.

training workspaces.

teams that need a controlled starting point.

Copy from the NeqSim repository: Suitable for individual pilots and
Distribute a ZIP or internal template repository: Suitable for study

Publish an approved internal package: Suitable for enterprise use,

where agents, skills, validation cases, and MCP image versions are released

together.

The minimum useful pack is:

Type

Files to include

Why they matter

Router

General task solver

Core simulation

Evidence handling

Review

Core skills

router.agent.md

solve.task.agent.md ,

solve.process.agent.md

process.model.agent.md ,

thermo.fluid.agent.md

technical.reader.agent.md ,

plant.data.agent.md

review.agent.md

neqsim-api-patterns ,
neqsim-input-validation ,
negsim-troubleshooting ,
neqsim-standards-lookup ,

neqsim-
professional-reporting

Classifies the request and se-
lects the right specialist.

Provides the end-to-end study
workflow and process-simula-

tion fast path.
Builds fluids and flowsheets

instead of relying on generic
model memory.

Reads technical documents

and historian/tag data with

source provenance.
Critiques task outputs before
they are reused or released.
Covers safe NeqSim API use,
input checks, recovery, stan-

dards, and reporting.
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Type

Files to include Why they matter

Workflow skills

negsim-notebook-patterns ,

negsim-technical-document- |,

neqgsim-agent-handoff ,

handoffs,  note-

document

Supports
books,

and plant-data workflows.

evidence,

reading

negsim-plant-data

For discipline work, add the relevant specialist agents and skills:

Discipline need

Add agents Add skills

Flow assurance

Production and field de-

velopment

Automation and controls

Valves, relief, pipes, and

safety

Materials and integrity

Chemicals and production

chemistry

Environmental and emis- emissions.environmental.agent.md

sions

flow.assurance.agent.md neqgsim-flow-assurance ,

negsim-water-hammer ,

negqsim-electrolyte-
systems

field.development.ag neqsim-production- , neqsim-field-development ,

optimize.agent.mu CENHAZTET

neqsim-field-economics

neqsim- s
dynamic-simulation

control.system.agent.md

negsim-controllability- ,
operability

neqsim-pid-process-
operations

safety.depressuring. neqsim-relief-flare- , neqsim-depressurization- ,

. . network mdmt
mechanical.design.aycic.mu

negsim-trapped-liquid- ,
fire-rupture

neqsim-process-safety

mechanical.design.agent.md, negsim-ccs-hydrogen ,

standards.review.agent.md negsim-flow-assurance ,

negsim-standards-lookup

neqsim-electrolyte- ,
systems

flow.assurance.agent.md ,

technical.reader.agent.md
neqgsim-flow-assurance ,

neqsim-technical-
document-reading
neqsim-utilities- ,
specification
neqsim-power-generation ,

negqsim-professional-
reporting
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Discipline need Add agents Add skills

Root-cause and operations root.cause.agent.md , neqsim-root-cause- ,

analysis

support plant.data.agent.md

neqsim-plant-data ,
neqsim-
model-calibration-and-
data-reconciliation

The pack should be versioned together with the MCP image tag. A report
should be able to say, for example: “NeqSim MCP image vX.Y.Z, agent pack
revision 2026-05-10, and skill pack revision 2026-05-10 were used.” That

provenance is as important as the numerical result.

2.4 STDIO and Streamable HTTP

MCP defines STDIO and Streamable HTTP transports. With STDIO the
client starts a server subprocess and exchanges newline-delimited JSON-RPC
messages through standard input and output. Streamable HTTP connects to
an independent service; it can use server-sent events for streaming. It super-
sedes the earlier HTTP+SSE transport. Select a transport supported by both
the installed server and the chosen host. [13]

Transport

STDIO A

bench launches a calculation

Typical context Deployment concern

local engineering work-  Runtime, process permissions

and pinned image or exe-

Streamable HTTP

Legacy HTTP+SSE

server

A workbench connects to a

managed service

Compatibility with an older

implementation

cutable.

Authentication, service avail-
ability, network boundaries

and logs.
Verify the exact supported
protocol; plan migration ex-

plicitly.

Transport choice does not establish engineering authority. A remote service can
return an unvalidated calculation, and a local process can handle confidential
data. The relevant checks are what the tool does, which evidence it receives,
and what access and review controls apply to that deployment.
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2.4.1 One Workbench, Several Tool Connections

A useful industrial setup connects tools by role. The NeqSim server handles
calculations. A document service searches approved records. A historian service
returns selected measurements. A laboratory or production-data service returns
reviewed samples and records. A validation tool checks their combined input

package. A report tool consumes saved results and evidence references.
These services need not all use MCP internally. A server may wrap a vendor

API, a database query, a file export, or a maintained library. MCP standardizes
the agent-facing invocation, while the adapter remains responsible for the
source’s identity, permissions, query semantics, and units. A deployment with
approved file exports can use exactly the same evidence contract as one with

online interfaces, provided it records the export’s date and limitations.
The orchestrator passes a study identifier, asset identifier, evidence version,

and scenario identifier between calls. It does not forward passwords through
other tools or ask the simulation engine to infer missing data from documents.
If the document lookup succeeds but the historian query fails, it can finish ex-
tracting the datasheet while marking the operating comparison as incomplete.
This is cooperation through explicit dependencies, not a single all-purpose

connector.

2.5 What the MCP Server Exposes

The server exposes NeqSim calculations as tools with typed schemas. The exact
tool inventory evolves, but the stable pattern is consistent: core calculation
tools, advisory discovery tools, advanced engineering tools, and experimental or
higher-autonomy tools are separated by maturity and deployment profile. The
tool contract promises stable required fields within the vl API while allowing

new optional fields to be added [15].
Useful first tools include:

Tool or resource Use in an early pilot
getCapabilities Discover available engineering capabilities.
getExample Retrieve example JSON for a tool.
getSchema Inspect input and output schema before calling a tool.
validateInput Check composition, units, pressure, temperature, and component
names.

35



CONNECTING NEQSIM MCP, INDUSTRY TOOLS, AGENTS, AND SKILLS

Tool or resource Use in an early pilot
runFlash Run TP, PH, PS, dew-point, bubble-point, or hydrate calcula-
tions.
runProcess Run a process model from a JSON definition.
calculateStandard Calculate gas-quality and standards properties.
getBenchmarkTrust Check validation basis and limitations for a tool.

Every engineering conversation should begin with discovery when the user is
not sure which tool fits. A prompt such as “List NeqSim tools relevant for a
CO2 pipeline phase-envelope and dense-phase screening” is better than asking

the model to guess.

2.6 Deployment Profiles

The server distinguishes between desktop exploration, study-team work, digital
twin advisory use, and enterprise-governed use. The names may evolve with
the server, but the principle is stable: higher-risk or higher-autonomy tools are

restricted in more governed profiles.

Profile Intended context Typical access philosophy
DESKTOP_ENGINEER Individual engineering explo-  Broadest local access for
ration trained users.
STUDY_TEAM Shared study workflow Advanced tools  available,
experimental autonomy re-
stricted.
DIGITAL_TWIN Operator decision support Advisory and calculation tools
only; no direct plant write-
back.
ENTERPRISE Controlled corporate service Approved core tools, enforced

validation, explicit approvals

where required.

The key governance message is simple: an MCP tool can be technically callable
without being appropriate for every deployment. A desktop engineer may run
an experimental scenario solver for learning. A production advisory service
should restrict itself to validated, read-only, traceable calculations unless a

formal approval architecture exists.
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2.7 First Conversation Pattern

A good first conversation tests the whole loop without involving private data:

I am testing the NegSim MCP server. Please discover available
NeqgSim tools,

choose the simplest validated tool for a methane/ethane/propane
dew-point

calculation, call the tool, and summarize the result with
provenance and

limitations. Do not estimate the dew point from memory.

The expected assistant behaviour is:

1. discover or select the relevant tool;

2. create a structured input with composition, pressure, EOS, and flash type;
3. call the tool;

4. report convergence, model, assumptions, warnings, and result;

5. avoid claiming design suitability beyond the tool’s validation envelope.
This pattern is more important than the numerical answer. It trains the team

to ask for provenance and limitations as part of the result.

2.8 Walkthrough: A Complete MCP Tool Session

This section shows a concrete multi-tool session to illustrate what actually
happens between the LLM client and the NeqSim MCP server. The engineer
asks a single question; the assistant chains several tool calls behind the
scenes. The JSON excerpts are illustrative interface examples, not a captured
execution transcript. Check names and arguments against the installed server
schema; publish numerical results only with a saved execution record.

Step 1 — Discovery. The assistant calls getCapabilities through MCP

tools/call to find available tools:

{
"jsonrpc": "2.0",
"id": 2,
"method": "tools/call",
"params": {
"name": "getCapabilities",
"arguments": {}
}
}
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The server returns a list of tools with descriptions, categories, and maturity
tiers. The assistant selects runFlash for a dew-point calculation.
Step 2 — Schema inspection. Before constructing the input, the assis-

tant calls getSchema to learn the required and optional fields:

{
"jsonrpc": "2.0",
"id": 3,
"method": "tools/call",
"params": {
"name": "getSchema",
"arguments": {
"toolName": "run_ flash",
"schemaType": "input"
}
)
}

The response includes field names, types, valid ranges, enums for flashType
and model , and required composition format. This prevents the assistant from

guessing parameter names or units.
Step 3 — Input validation. The assistant calls validateInput with the

planned input to check for errors before running the calculation:

{
"jsonrpc": "2.0",
"id": 4,
"method": "tools/call",
"params": {
"name": "validateInput",

"arguments": {

"inputJson": "{\"model\":\"SRK\",\"temperature\":
{\"value\":240.0,\"unit\":\"K\"},\"pressure\":{\"value\":50.0,
\"unit\":\"bara\"},\"flashType\":\"dewPointT\",\"components\":
{\"methane\":0.85,\"ethane\":0.10,\"propane\":0.05},
\"mixingRule\":\"classic\"}"

}

}

The server returns "valid": true or a list of issues such as unknown component

names, out-of-range pressures, or compositions that do not sum to 1.0.
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Step 4 — Flash calculation. With validated input, the assistant calls

runFlash :
{
"jsonrpc": "2.0",
"id": 5,
"method": "tools/call",
"params": {
"name": "runFlash",

"arguments": {

"components": "{\"methane\":0.85,\"ethane\":0.10,
\"propane\":0.05}",

"temperature": 240.0,

"temperatureUnit": "K",

“pressure": 50.0,

"pressureUnit": "bara",

"eos": "SRK",

"flashType": "dewPointT"

}

For dewPointT, the pressure is the specification; the temperature argument
is only the initial thermodynamic state used to construct the fluid before
the dew point calculation. The response must be checked for the calculated
temperature, EOS, mixing rule, convergence status, warnings, and provenance.
Save the actual response with the input and server version. An iteration count
or accuracy range may be reported only if the executed calculation or its
validation evidence supplies it.

A successful solver response must also represent a physically valid phase
boundary. Check that the incipient liquid and gas are distinct and that a
suitable initialization or independent phase-envelope/TP check supports the
identified branch. Numerical return without an error is not sufficient proof of
a dew point.

For this composition, a 240 K starting state gives a verified local dew-point
branch at 244.871 K (—28.279 °C) and 50 bara. Starts at 240, 250, and 260
K agree. A TP check 0.1 K below the result contains gas and liquid; a check
0.1 K above contains gas only. The gas and incipient-liquid compositions are
distinct. These checks establish the selected local branch more convincingly
than a generic success flag.
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A warm starting state near ambient temperature produced a trivial root
with nearly identical phase compositions in the checked implementation. That
result was rejected. This example therefore uses an explicit cold starting state
and requires physical branch checks; a successful tool response alone should
not be promoted to a validated engineering answer.

Step 5 — Trust metadata. For a formal study, the assistant can also call

getBenchmarkTrust to report validation status:

{
"jsonrpc": "2.0",
"id": 6,
"method": "tools/call",
"params": {
"name": "getBenchmarkTrust",

"arguments": {
"trustJson": "{\"action\":\"getTool\",\"toolName\":
\"runFlash\"}"
}

}

The response includes validation basis (test cases, accuracy bounds, known
limitations) and a trust classification. This metadata belongs in the study

record so reviewers know the tool’s qualification level.
What the engineer sees. In VS Code Copilot Chat, the engineer sees a

natural-language summary with the dew-point value, EOS model, convergence
status, and limitations. The tool-call details can be expanded to inspect the
exact JSON exchanged. This transparency is what separates a tool-backed

answer from a language-model guess.
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TOOL COOPERATION / 02

What happens during a tool call

Discovery and validation come before execution; returned evidence is checked before use.

Engineer Agent MCP interface NegSim Study record

Question + constraints
Discover tool schema
Required fields + units

Validated calculation input

Result + diagnostics

Sources + checked result

Recommendation for review

Conceptual call sequence. Authentication and transport details depend on the client and server deployment.

Figure 2.1: A tool session moves from the engineering question through schema discovery

and calculation to retained evidence and review.

Discussion (Figure 2.1).

Discovery establishes the callable interface. Input checks establish whether
the requested case is meaningful. Result checks establish what can be concluded
from the response. These are separate operations, even when a client presents
them as one conversation. Record the returned fields and actual checks before
summarizing the result.

2.9 Troubleshooting

Common startup issues are straightforward:

Symptom Likely cause

First check

Copilot cannot see tools MCP config not loaded

Docker command fails Docker not running or im-

age unavailable

Tool call times out Container startup too slow

or heavy calculation

Restart VS Code and val-

idate .vscode/mcp.json .

Run
docker run hello-world
and pull the NegSim im-
age.
Try tools/list first; use

a simple flash calculation.
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Symptom Likely cause First check
Result lacks provenance Wrong server version or Ask the model to show
non-MCP answer tool-call result fields.

Private data appears in User pasted confidential Stop and move to an
prompt data approved workspace and
data path.

For corporate pilots, the most important troubleshooting rule is to separate
connectivity problems from engineering problems. First prove the MCP server
can list tools. Then prove a public flash example works. Only then connect

internal data sources or run asset-specific workflows.

2.10 Prompt Templates for First Use

Early users often ask the assistant for a number and receive a plausible-looking
answer. A better habit is to ask for a tool-backed workflow. The following

prompt patterns are useful during a pilot.

Discover NeqSim MCP tools relevant to this task before choosing a
calculation.
Explain why the selected tool is appropriate and what assumptions
it requires.

Use NeqSim for the thermodynamic calculation. Do not estimate from
memory.
Return model, units, convergence status, warnings, and provenance.

Treat this as a screening calculation. List what additional
evidence would be
required before using the result for design or safety approval.

If input data is missing, stop and list the missing fields instead
of inventing

reasonable defaults. Suggest realistic data sources for each
missing field.

These prompts are intentionally procedural. They train the assistant to expose
the reasoning path and tool boundary. They also train the engineer to expect

structured answers rather than fluent guesses. During early deployment, teams

42



CONNECTING NEQSIM MCP, INDUSTRY TOOLS, AGENTS, AND SKILLS

should collect good prompt patterns and convert them into skills or reusable

workflow templates.

2.11 Local Docker Security and Practical Operations

Running an MCP server through Docker is simple, but it still deserves basic
operational discipline. Container access depends on its mounts, network config-
uration, credentials, permissions, and image contents. Treat these as explicit
deployment settings. For the NeqSim MCP server in the minimal configuration,
the container is transient: --rm removes it after the session, and no workspace
folder is mounted by default. That is a good first-pilot posture.

When a workflow needs files, the team should decide what to mount and
why. A task folder containing public examples is very different from a folder
containing internal documents. Mount only the folders needed for the task, use
read-only mounts when possible, and do not copy confidential documents into
locations that are outside approved storage. The convenience of Docker should
not become a workaround for document control.

Version control is equally important. The latest tag is convenient for early
testing, but a report should record the image digest or version tag used. If a
study is repeated later, the team should know whether the same server version,
NeqSim version, and tool contract were used. For formal or high-impact studies,

pin the image version and store it in the task metadata.
Logging needs the same care. Tool-call logs are valuable for reproducibil-

ity, but they may contain compositions, pressures, tag names, or document
references. Store them in the study folder or approved logging system, not
in arbitrary chat exports. When a result is reused outside the team, remove
private asset names and confidential source references unless the receiving

context is authorized.

2.12 Summary
Docker and VS Code Copilot make the NeqSim MCP server accessible to engi-

neers without local Java setup. The .vscode/mcp.json file declares the server,
MCP tool discovery exposes NeqSim capabilities, and deployment profiles

govern what tools are appropriate in each context.
Key points from this chapter:
e An approved, versioned runtime makes the calculation service repeatable.
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e Copilot should be configured to call NeqSim tools, not estimate engineering
results from memory.

e STDIO and Streamable HTTP serve different deployment contexts; match
client and server support.

e Separate data tools and calculation tools cooperate through shared study,
evidence, and scenario identifiers.

e Profiles and validation metadata are part of the engineering control system.

Exercises

1. Smoke test: Start a reviewed server version in an MCP client, complete
initialization, and inspect tools/list . Record the server version and dis-
covered tools.

2. Workspace setup: Create .vscode/mcp.json for a local test workspace and
verify Copilot can discover the NeqSim server.

3. Governance choice: Decide which deployment profile is appropriate for a
digital-twin advisory dashboard and justify the restrictions.
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CHAPTER 3

Agents, Skills, and Engineering
Memory

Learning Objectives

After reading this chapter, the reader will be able to:

1. Explain the difference between an agent, a skill, a tool, and a memory.

2. Describe how skills encode engineering practice without fine-tuning a model.
3. Map common engineering-study types to specialist agents and skills.

4. Identify where human approval should enter multi-agent workflows.

Online companion: The online book covers the multi-agent system, the
skills library, and the AI architecture in dedicated chapters. This chapter
gives a compact working summary and then focuses on engineering memory,

cross-agent handoffs, and skill design patterns for industrial study teams.

3.1 Why One General Assistant Is Not Enough

A general LLM assistant can help with brainstorming, summarizing, and code
generation. Industrial studies also need explicit discipline responsibilities and
tool boundaries. Without them, an assistant handling thermodynamics, safety,
economics, documents, and plant data can blur the basis of its claims. It may
use the wrong EOS, quote a standard too loosely, or treat a screening result

as a design result.
The NeqSim agent ecosystem addresses this through specialization and

review. A routing agent can classify the task and delegate to a process simu-
lation agent, flow assurance agent, safety and depressuring agent, PVT agent,

field development agent, technical document reader, or documentation writer.
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Each specialist has a smaller job, a clearer set of tools, and a relevant skill
stack. This follows a multi-agent pattern familiar from distributed AI systems,
but applied to engineering tasks with units, standards, and auditable outputs
[5, 16].

3.2 Definitions

The vocabulary matters because it defines governance.

Term Meaning in this book Example

Agent An LLM behaviour profile with in- make a neqsim process simulation

structions and tool access

Skill A curated markdown knowledge negsim-flow-assurance

package loaded into the agent con-

text
Tool A callable function outside the A discovered runFlash tool, docu-
model ment reader, or approved historian
query
Memory Stored facts from prior work or pro-  build commands, known API pat-
ject context terns
Artifact A durable output of the workflow notebook, results.json, report,

source manifest

An agent chooses actions. A skill informs those actions. A tool executes them.
Memory prevents repeated mistakes. Artifacts make the work reviewable.
This separation is what makes agentic engineering manageable. If a hydrate
calculation fails, the fix might be in the skill (load the CPA hydrate pattern),
the tool (improve validation), the memory (record a known API gotcha), or
the agent instruction (require a standards lookup). Without the separation,

every failure looks like a vague model problem.

3.3 Skills as Engineering Procedures

Skills are not magic prompts. They are structured procedures. A good NeqSim
skill contains the domain scope, when to use it, required inputs, API patterns,
validation rules, common errors, and output schema. This is exactly the kind
of knowledge that a senior engineer carries in working memory and a junior

engineer learns through repetition.
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Examples include:

Skill Encoded practice

neqsim-api-patterns Fluid creation, mixing rules, flash calculations,

process equipment setup.

negsim-notebook-patterns Jupyter setup, figure generation, results.json
structure.
negsim-technical-document-reading Extracting stream tables, P&ID topology,

datasheets, and performance maps.

Site-specific document-retrieval skill Retrieving controlled engineering records; the
configured implementation is specific to each
organization.
neqsim-plant-data Reading through an approved historian inter-
face, mapping tags, checking data quality.
negsim-process-safety HAZOP, LOPA, SIL, bow-tie, barrier registers,

and risk matrices.

negsim-field-development Concept selection, production forecasts, eco-

nomics, and uncertainty.

In practical deployments, these skills and their matching agents should be
distributed with the MCP configuration. The MCP server gives the assistant
a trusted calculation interface; the agents and skills teach the assistant which
calculation to call, which evidence to request, which warnings matter, and when
human review is required. Chapter 2 lists a minimum agent and skill pack
that can be copied from .github/agents/ and .github/skills/ in the NeqSim
repository or distributed as a controlled internal template.

The advantage over fine-tuning is transparency. A skill can be reviewed in a
pull request. It can cite standards. It can be changed when a method changes.
It can tell the agent to avoid a known API mistake. Fine-tuned model weights

cannot be inspected in the same way.

3.4 Agent Composition for Engineering Studies

The number of agents should follow the work. A small property check may need
one agent and one calculation tool; a larger study benefits from independent
specialists with bounded responsibilities. Consider a separator debottlenecking

study. The router may compose the workflow as follows:
1. The technical document reader extracts existing vessel dimensions, nozzles,

design pressure, internals, and vendor notes from approved documents.
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2. The plant-data agent retrieves recent flow, pressure, temperature, and level
data through the configured historian tool and classifies operating windows.

3. The process simulation agent builds or updates the NeqSim separator and
upstream/downstream process context.

4. The mechanical design agent checks whether proposed operating changes
stay inside design constraints.

5. The safety agent screens relief, blowdown, HAZOP deviations, and barrier
implications.

6. The reporting agent assembles assumptions, results, uncertainties, and
recommendations.

Each agent sees enough context to do its job but not so much that it becomes

unfocused. The handoff artifact matters. A document-reading output should

not be a paragraph of vague text. It should be structured data with source,

page, confidence, and units. A simulation output should not be a screenshot.

It should be a results object with key values, validation, and provenance.

3.4.1 The Orchestrator Owns Dependencies

The orchestrator keeps the question, acceptance criteria, and current evidence
version coherent. It decides which tasks can proceed independently and which
must wait. The document reader and historian reader can work in parallel after
the asset identity is confirmed. A compressor calculation must wait until its
fluid basis, inlet conditions, performance model, and outlet specification are
compatible. A reviewer must know which exact scenario produced the reported
result. More agents do not compensate for a missing handoff.

Participant Receives Produces Does next

Orchestrator Engineering ques-  Task contract and Dispatches
tion and allowed dependency plan bounded work and
sources tracks unresolved

items.
Evidence special-  Asset identifier,  Referenced val-  Return evidence;
ists source scope and ues, exclusions and do not invent sub-
time basis data gaps stitute inputs.

Fluid and model Accepted evidence Fluid  definition, Run calculations

specialists

package

model revision and

scenarios

and report conver-
gence and limita-

tions.
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Participant Receives Produces Does next
Validation special- Saved runs, inde- Residuals, checks, Rejects unsup-
ist pendent measure- pass/fail and unre-  ported compar-

ments and criteria

solved issues

isons and requests

targeted work.

Decision and re- Reviewed techni- Recommendation, Sends the package
porting specialist cal results and alternatives  and to the accountable
constraints decision record reviewer.
A useful status vocabulary is ready, running, needs data, needs review,

failed , and complete . Each status includes a reason and affected artifact.
A source timeout permits a bounded retry of the same read request. An
ambiguous pressure basis requires clarification of evidence; retrying the calcu-
lation cannot repair it. A solver failure triggers diagnosis of the saved case,
followed by a documented adjustment if justified. The orchestrator must retain
the failed run and identify any changed assumption.

3.4.2 Cooperation in the Recurring Compressor Case

Suppose the historian specialist reports increased recycle while the document
specialist retrieves two compressor maps. The orchestrator asks the equipment
specialist to resolve the installed impeller and speed range before selecting a
map. In parallel, the fluid specialist checks whether the gas sample belongs
to the selected operating period. The maintenance reader retrieves records of

recent work to help determine which physical configuration applies.
The simulation specialist then receives one accepted configuration and

named alternative scenarios. It returns calculated duties, temperatures, and
map positions with evidence references. The validation specialist compares
outputs to measurements that were withheld from input assignment. The
reporting tool carries both the findings and the unresolved limits into the
decision record. No specialist silently changes the other specialists’ inputs;

proposed changes create a new evidence or model version.
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TOOL COOPERATION / 03

Specialists cooperate through shared evidence

The coordinator assigns bounded work and combines findings that refer to the same scenario.

Study coordinator

Question, scope, acceptance criteria and next step

Data specialist Model specialist Domain specialist Review specialist
Extract records Set reviewed inputs Assess equipment Challenge assumptions
Check identity and quality Run and check the model Explain physical limits Check evidence coverage

l l | l

One shared scenario and evidence package

Each handoff states inputs used, outputs produced, limitations and unresolved questions.

A specialist role is an instruction set; a tool performs a bounded action. Neither replaces accountable review.

Figure 3.1: A study coordinator combines data, model, domain and review specialists through

shared scenario evidence.

Discussion (Figure 3.1).
Each specialist contributes a bounded artifact to the same study. A model

specialist should not silently replace a reviewed composition, and a reviewer
needs the source record behind each proposed limit. Use a common scenario
identifier and state unresolved questions explicitly at each handoff.

3.5 Memory and Reuse

Engineering organizations repeat patterns. The same simulator setup issue
appears in many tasks. The same process equipment class has the same
unit conventions. The same source system has the same tag naming pattern.

Memory lets agents learn these local facts without retraining.
There are three useful memory scopes:

Scope What belongs there Example
User memory General preferences and re-  PowerShell quoting for Maven
curring commands properties.

Repository memory Codebase-specific facts and NeqSim requires Java 8 com-

verified practices patibility.
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Scope

What belongs there

Example

Session memory

Current task state

Which documents were re-

trieved for this study.

Memory should be short, reviewed, and corrected when wrong. It is not a

place for private plant data or confidential assumptions. Those belong in task

artifacts under approved access controls.

3.6 Study Types Enabled by Agents and Skills

The value of agents and skills becomes clear when looking at study types.

A process engineer can ask for a quick density calculation, but the same

framework can scale to integrated studies.

Study type

Main agents

Main skills

Gas quality

Flow assurance

Equipment sizing

Safety screening

Field development

Digital twin calibration

Thermodynamic fluid, gas

standards
Flow assurance, process
simulation
Process simulation, me-

chanical design

Safety and depressuring,

consequence

Field development, econom-

ics, subsea

Plant data, model calibra-

tion

neqsim-api-patterns ,

negsim-standards-lookup

neqsim-flow-assurance ,
negsim-electrolyte-
systems
neqsim-api-patterns ,
negsim-equipment-cost-
estimation
neqsim-process-safety ,
neqsim-relief-flare-
network
neqsim-field-development ,

neqgsim-field-economics

negsim-plant-data ,

negsim-model-calibration-
and-data-reconciliation

The same MCP server can support many of these tasks by exposing trusted

calculation tools. The broader agent workflow adds source retrieval, notebooks,

reports, uncertainty analysis, and review gates.
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3.7 Approval Points

Agentic workflows should not be fully autonomous in industrial engineering.
They should be fast and explicit. Useful approval points include:

o after task classification and before a comprehensive study begins;

o after data retrieval, to approve sources and reject poor-quality data;

« after model construction, to approve assumptions and operating envelopes;
« after simulation, to review validation warnings and physical plausibility;

e before report release, to approve conclusions and recommendations.
These approval points are not bureaucracy. They are how the organization

keeps engineering judgement in the loop while still benefiting from automation.

3.8 Designing a Skill

A skill should be written like a compact engineering procedure. It should begin
with a clear trigger: when should the agent load this skill? The trigger should
be specific enough to avoid accidental use. “Use for any engineering task” is too
broad. “Use when predicting hydrate formation, inhibitor dosage, or hydrate
margin in pipelines and wells” is better.

A useful skill then gives the agent a checklist. For a flow-assurance skill, the
checklist may include fluid composition, water content, pressure and temper-
ature envelope, inhibitor concentration, pipeline profile, ambient temperature,
acceptance criterion, and applicable standards. The skill should also define
failure modes: missing water content, unverified composition, wrong unit,

hydrate model outside domain, or operating point close to the limit.
Code patterns belong in skills when they prevent repeated mistakes. In

NegSim, that may include setting a mixing rule before a flash calculation,
calling physical-property initialization before reading viscosity, or using a
modular ProcessModel instead of one oversized flowsheet. A skill is not a place
to hide complicated logic. It is a place to make the logic reviewable.

Finally, a skill should define the output. An agent that runs a hydrate screen
should return minimum margin, selected time window, model, composition
source, warnings, and escalation recommendation. An agent that reads a com-
pressor curve should return extracted curve data, confidence, page reference,
and uncertainty. Without an output schema, multi-agent handoffs become

fragile prose.
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3.9 Handoffs Between Agents

Multi-agent workflows succeed or fail at their handoffs. A document-reading
agent may produce extracted equipment data. A process-simulation agent may
use those values. A safety agent may use the simulation state to screen a relief

case. If the first output is vague, every downstream step inherits ambiguity.
A good handoff has five readable parts, backed by stable identifiers:

Field Purpose
Context Study ID, asset ID, scenario ID, model revision, and effective time or
configuration.
Data Values, units, pressure/volume basis, role as input or validation target,

and missing fields.

Source Evidence IDs, document revisions or tag windows, extraction locations,
and immutable output paths.
Confidence Extraction quality, measurement uncertainty, validation status, and

open issues kept distinct.

Next action Recipient, acceptance condition, allowed action, and reason for retry,

stop, or review.

For example, a technical document reader should not simply say “the separator
is rated for 85 bar.” It should say whether 85 bar is design pressure or maximum
operating pressure, whether the unit is bara or barg, which document and
revision it came from, whether the value was read from a table or OCR, and

whether a human needs to review it before use in a safety calculation.
This level of structure may feel heavy during a simple demonstration. In

real engineering work it is lighter than the alternative: repeated clarification,

manual copying, and untraceable assumptions.

3.10 Learning by Solving Tasks and Improving the
Code

NeqSim’s source code can be part of the engineering workflow. When a study
reveals a missing calculation, a weak diagnostic or an awkward interface, the
team can investigate the implementation and improve it alongside the study.
The result of the task can therefore include both an engineering answer and a

reusable improvement to the tool that produced it.
This matters when the same difficulty appears repeatedly. A one-off spread-

sheet correction or a private script may solve today’s case while leaving
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tomorrow’s engineer with the same problem. A reviewed library implementa-
tion, a regression test and a clear skill recipe make that knowledge available to
later work. An open implementation also lets reviewers inspect the equations,
units and numerical method behind a result instead of relying solely on a

reported value [2].

The improvement loop

The task provides the concrete requirement and the acceptance case. A
capability scout first checks whether the needed feature already exists. A
modelling specialist identifies the physical method; a code specialist then makes
the smallest suitable change. A reviewer checks both the software and its
engineering basis. The workflow should retain a usable study result even when

a proposed library improvement needs further review.

Stage

Tool cooperation

Durable output

Solve a real task

Diagnose the gap

Reproduce the behavior

Improve the implementa-

tion

Check the result

Review and retain

Evidence tools and
NeqSim expose the spe-
cific missing capability or
failure
Source search, API dis-
covery and a domain spe-
cialist distinguish missing
code from incorrect use
A test runner executes
a minimal public or syn-
thetic case
Code tools edit the appro-
priate Java class, API or
diagnostic
Unit tests, conservation
checks, sensitivity checks
and relevant independent
reference data exercise the

change
Engineering and code re-
view assess the method

and implementation

Reproducible input and
a written engineering re-

quirement

A bounded with

method, units and accep-

issue

tance criteria

A failing regression test
or a documented unsup-

ported case

A reviewable source
change with documented
limits
Test evidence and a com-
parison with the previous

behavior

A versioned, approved
change or an explicitly un-

resolved proposal
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Stage Tool cooperation Durable output

Update  the  working Skills, examples and tool Reusable instructions tied

knowledge descriptions record the  to the verified source ver-
new capability and its sion
boundaries
Reuse in the next task Discovery finds the im-  Less repeated investiga-

proved capability and its tion and a clearer evidence

regression cases trail

A task may reveal that the code is already correct and its usage guidance is
wrong. In that case the appropriate improvement is a clearer skill, a corrected
example or a better tool schema. A different task may expose a missing equip-
ment calculation that belongs in NeqSim itself. Store the physical calculation
in the maintained library when it is reusable, and keep facility-specific inputs

and private evidence in the study or the organization’s controlled repositories.

A concrete example of learning

Consider a phase-boundary calculation that returns without an error, yet the
reported gas and liquid are effectively identical. The engineer’s question has
revealed a verification gap. Source inspection and repeat calculations can iden-
tify the sensitivity to initialization. A regression case can then require distinct
phases, equilibrium consistency and a check on either side of the candidate
boundary.

The retained improvement might initially be a tested initialization procedure

and clearer diagnostics. If a solver change is needed, it becomes a separate,
reviewed source change with regression coverage. The next task benefits
because the checks and their rationale are available before another engineer
encounters the same misleading result. Chapter 2 demonstrates this distinction

between a successful call and a physically checked answer.

What the system learns

Here, “learning by doing” means accumulating explicit, reviewable knowledge:
better code, regression cases, verified examples, source-linked results and
improved agent skills. It does not mean that executing a study automatically
retrains the language model, recalibrates every physical model or establishes
the accuracy of a new method.
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These forms of learning must stay separate. A measured dataset can justify
parameter fitting for a stated fluid and operating range. A new regression test
can protect known behavior. A revised skill can prevent incorrect API use.
None alone proves that the method generalizes to another fluid or facility.
Record what changed, the evidence supporting it and where it applies.

The practical advantage is cumulative. Each task can produce an answer for
the current study and leave the shared engineering workbench more capable for
the next one. Chapter 8 explains how to review and release these improvements;

Chapter 10 includes the corresponding close-out checklist.

TOOL COOPERATION / 11

Each task can improve the engineering workbench

Learning is retained in reviewed code, tests, examples and skills.

1 Engineering task 2 Reproducible gap 3 Test + implement
Evidence and simulation reveal a concrete Source search and a minimal case define Add a regression case and the bounded
need —>] the problem —>] code change

|

6 Reuse next time 5 Retain knowledge 4 Verify + review
Discover the improved capability and its Version the code, examples and skill Check physics, references, tests and
limits <«—] guidance 1 applicability

A changed solver needs validation. A retained skill improves future practice; it does not retrain the language model.

Figure 3.2: Tasks can produce reusable improvements to NeqSim code, regression tests,

examples and agent skills.

Discussion (Figure 3.2).
The return path carries verified knowledge into later tasks. The improvement

may be a missing calculation, a corrected interface recipe or a diagnostic that
rejects misleading results. Retain the test case and the scope of the evidence
with the change; otherwise the next agent inherits a new assumption instead

of a dependable capability.
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3.11 Summary

Agents divide work. Skills encode practice. Tools compute and retrieve.

Memory preserves verified local knowledge. Together they form an engineering

operating system around NeqSim and industrial data.

Key points from this chapter:
Specialist responsibilities and reviewable handoffs help control complex

studies; agent count alone does not establish quality.

Skills are transparent, reviewable containers for domain procedure and API
patterns.

Handoffs should be structured artifacts, not loose prose.

Approval points keep engineers accountable for assumptions and decisions.

Exercises

1.

Agent map: For a compressor performance study, list the agents and skills
needed from data retrieval to final recommendation.

Skill design: Draft the headings for a skill that teaches an agent how to
use a company-approved hydrate management procedure.

Approval gate: Identify where a human reviewer should stop an automated
study if source data quality is poor.

Dependency exercise: The historian request times out and the compres-
sor map revision is ambiguous. Identify which work can continue, which

request can be retried, and which calculation must wait.
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CHAPTER 4

Operational Data and Evidence

Foundation

Learning Objectives

After reading this chapter, the reader will be able to:

1. Map the main oil and gas evidence domains to their roles in a simulation
study.

2. Distinguish source platforms, access libraries, exchange standards, and
calculation tools.

3. Distinguish between real-time readings, archived historian data, and design-
basis values.

4. Describe how production databases and project documentation provide
context that turns calculations into decisions.

5. Design a governed data-ingestion pattern for agentic engineering tasks.

6. Identify common data-quality risks before using retrieved data in a model.

Beyond the online book: The online book’s worked examples use pre-
defined compositions and conditions. This chapter addresses the reality that
most industrial studies start with data scattered across laboratory systems,
historian servers, asset-management systems, well and production databases,
engineering repositories, and project archives. It provides the retrieval
patterns, quality gates, and source-manifest schema needed to turn raw

enterprise data into trustworthy model inputs.
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4.1 The Data Problem Around Every Simulation

A process model is only as useful as the evidence behind its inputs. A gas
composition from a lab report, a separator design pressure from a datasheet,
a compressor map from a vendor package, a cooling-water inlet temperature
from a historian tag, and a maintenance history from an asset-management
system can all change the conclusion of a study. In many organizations these
data sources are separate. The engineer becomes the integration layer.
Agentic engineering makes that integration layer explicit. Instead of asking
a person to manually search every source, an agent can be instructed to
retrieve approved documents, read relevant pages, extract structured values,
query historian tags through the approved interface, and summarize enterprise
records. The output must not be an untraceable blob. It must be a source
manifest: what was read, where it came from, when it was retrieved, which
values were extracted, what the confidence is, and what still needs human

review.
The retrieval workflow is as important as the simulation workflow. A beau-

tifully converged NeqSim result is not useful if it was built on stale, wrong, or

unapproved data.

4.2 Source Domains and Their Tool Handoffs

The following matrix organizes the evidence by what the next tool needs, rather
than by vendor. Each row is a proposed integration contract: it states what the
source reader must preserve before a downstream tool may use the information.

It is not a claim that every platform or connector is installed.

Source domain Typical records Reader output and down-

stream use
Laboratory, fluid and Sample records, chro- A fluid package with sam-
PVT matography, recombina-  ple lineage, basis and un-

Wells and reservoir

tion, water and contam-
inant analysis, PVT mea-

surements

Well and completion iden-

tifiers, surveys, pressure
history, deliverability and

forecast cases

certainties for character-

ization and independent
property checks.

Well-specific

conditions with date, com-

boundary

pletion state and forecast
scenario for network simu-

lation.
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Source domain

Typical records

Reader output and down-

stream use

Production and allocation

Historian archives

Online operations

Engineering documents

Project and design basis

GIS, survey and 3D engi-

neering

Maintenance and integrity

Modification management

Well tests, metering, daily
balances, downtime and

revised allocations

Pressure, temperature,
flow, power and status his-

tories

Current readings, alarms,

events and equipment
states
P&IDs, datasheets, ven-

dor maps, line lists and

material specifications

Concept studies, FEED,

approved operating en-
velopes and acceptance

criteria

Coordinates, route
chainage, bathymetry, el-
evations and physical lay-

out

Asset hierarchy, work or-
ders, inspections, repairs

and condition findings

Proposed, approved, in-

stalled and closed changes

Rates and volumes on a

declared period and ref-

erence basis for reconcili-

ation and scenario selec-
tion.

with

quality flags, aggregation

Aligned windows

rules and retained raw ev-
idence for calibration and

validation.

Timestamped state obser-
vations with maximum
age and validity rules for

advisory calculations.
Revision-controlled limits,
and physical

with

pages for model construc-

topology
parameters source

tion.

Named design scenarios
and criteria for compar-
ison with current condi-

tions.

Geometry with coordi-
nate reference, vertical da-
tum and topology for
pipes, equipment and con-

sequence studies.
Installed configuration, in-
tervention history and
availability constraints for

equipment hypotheses.
Effective

and unresolved conditions

configuration

for separately named as-is

and proposed scenarios.
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Source domain

Typical records

Reader output and down-

stream use

Process safety

Energy and emissions

Commercial and schedule

Hazard

basis,

studies, relief

barriers,  proof
tests and cause-and-effect

records

Fuel, flare, power, venting,
emissions factors and re-

porting boundaries

Cost estimates, contracts,
outage plans and schedule

assumptions

Applicable scenarios, lim-

its and review require-
ments; independent safety
conclusions remain trace-

able.

Consistent  scenario  ac-
counting, factor versions
and uncertainty for opera-

tional comparisons.
Dated economic and im-
plementation constraints

used after technical feasi-

bility has been assessed.

4.2.1 Platforms, Standards, and Libraries Are Different
AVEVA PI System and Aspen InfoPlus.21 illustrate the historian role. SAP

asset management and IBM Maximo illustrate the maintenance role. Esri’s
petroleum GIS illustrates a spatial information role. These product categories
help a reader locate the corresponding source in their organization; they do
not imply a common APT or an existing NeqSim connection. [7, 8, 9, 10, 17]

OpenText Content Management for Engineering illustrates controlled en-
gineering documentation, while AVEVA Engineering illustrates a shared
engineering-data environment. SampleManager is an example of a laboratory
information management system (LIMS) with an oil and gas workflow. In the
compressor case, these roles would supply the revised datasheet, equipment
attributes, and approved sample record respectively. The handoff still needs
evidence IDs and units; product integration features do not establish that a
particular reader tool has been configured. [18, 19, 20]

A data platform may organize entities and their relationships across
source systems. OSDU data-definition documentation is one industry example.
Exchange standards serve a different purpose: Energistics defines WITSML
for well-related data, RESQML for subsurface/reservoir information, and
PRODML for production data. A particular schema version may help transfer
a well, fluid, or production record, but adoption does not remove the need to
reconcile identifiers and engineering meaning. [21, 22]
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An access library is another layer: it reads a source through a supported
interface and returns records; it is not the underlying database. Choose an
approved, maintained API or export interface for each deployed platform and
record its version. OPC UA is a communication architecture that includes
current and historical data access; a server’s actual supported services and
access rights must still be checked. [23]

The general document workflow uses an approved search and retrieval
interface. A local export with revision metadata is a valid source path when
live access is unavailable; its currency and completeness must be visible. A file
reader can prepare model evidence from that export without claiming that it

has queried the enterprise system.

4.3 Retrieval Agents and Skills

The document retrieval pattern normally uses several agents.

Agent or skill Responsibility

scout literature and databases Finds public references, standards, and internal

references when configured.

read technical documents Extracts structured data from PDFs, Excel,
Word, images, P&IDs, and datasheets.

Site-specific document-retrieval skill Retrieves controlled documents through ap-
proved backends or local exports; an the engi-

neering repository skill is one example.
neqsim-technical-document-reading Provides extraction patterns for drawings,
stream tables, vendor maps, and datasheets.
neqgsim-plant-data Guides historian access, tag mapping, operat-

ing-window selection, and quality checks.

4.3.1 Seven Stages from Source to Decision

A coordinated workflow turns independent retrievals into a shared evidence
package. The stages below define when one tool may hand information to the
next. Some retrieval tasks can run in parallel; acceptance of the combined basis

is a dependency for simulation.
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Stage

What the tools
gether

do to-

Handoff and stop condi-

tion

Resolve identity

. Establish units and ba-

S18

. Align time and configu-

ration

Check quality

. Freeze the evidence

package

Simulate and compare

Prepare the decision

Asset-master, document

and well readers map

source identifiers to a
canonical asset and equip-

ment ID.

Extraction and normaliza-
tion tools preserve orig-
inal units, pressure ref-
erence, composition basis
and standard-volume con-

ditions.

Historian, lab, production
and MOC readers estab-
lish the operating window
and installed configura-

tion.

check

missing

Validation tools
source
data,

and applicable measure-

status,
outliers, balances

ment uncertainty.

The orchestrator records
evidence IDs, files, hashes,
mappings,  assumptions
and open issues.
NegSim and specialist
solvers consume accepted
inputs; independent mea-
surements test the out-

puts.

Safety, maintenance, envi-
ronmental and reporting
tools interpret the same

scenario outputs.

A reviewed crosswalk; stop
if a tag or document could
refer to more than one

item.

with

a transformation record;

Converted values
stop when the physical
quantity or basis is un-

known.

A common evidence cut
with

trieval times; flag incom-

source/effective /re-

patible records.

Accepted and rejected
records with reasons; do
not silently fill required

gaps.

A versioned input package
that every specialist can

reference.

Saved runs, residuals, con-
vergence and limitations;
failure

separate  solver

from evidence failure.

A reviewable recommen-
dation tied to the evi-
dence and model versions;
release authority remains

explicit.

Identity resolution deserves early attention. An instrument tag, a maintenance

asset number, a P&ID designation, and a model unit name can all refer to the

64



OPERATIONAL DATA AND EVIDENCE FOUNDATION

same compressor. Conversely, a reused instrument name can refer to different
locations over time. The crosswalk should carry validity dates and record the
source that justified the match. Text similarity is useful for finding candidates;
it is not sufficient evidence for a final join.

Unit normalization must preserve meaning. Record whether pressure is
absolute or gauge, whether a composition is mole or mass based, whether water
was excluded from an analysis, and which reference temperature and pressure
define a standard gas volume. Keep original and converted values side by side
in the transformation record. A numerical unit conversion cannot repair a

mismatched fluid sample or a phase-specific flow used as a total-stream flow.

Time alignment is equally explicit. Store source time, effective time, and
retrieval time separately. A document retrieved today may describe an earlier
configuration; a newly issued laboratory report may describe last week’s
sample. Convert event timestamps to a common time zone while preserving
their original offsets. Do not combine a steady-state historian median with a
daily allocated volume without stating how the periods differ.

Case handoff. For the compressor case, document and maintenance readers
resolve the installed machine, the laboratory reader supplies the accepted gas
sample, and the historian reader supplies an operating window. Stage 5 freezes
those inputs together. Chapter 5 then uses that package to construct the

compression model and its facility boundaries.
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TOOL COOPERATION / 04

Turn heterogeneous records into model-ready evidence

Join by asset identity, then preserve the meaning of every value.

Document system

Revision + page + design
limit

Laboratory / PVT

Sample + composition basis

Maintenance /
integrity

Work order + condition
record

Historian

Tag + interval + quality flag

Production database

Well test + allocation basis

GIS / engineering
model

Route + elevation +
dimensions

Evidence checks

Asset mapping

Units and pressure basis
Time alignment
Revision and approval
Missing-data handling

Reviewed package

Boundary conditions
Equipment constraints
Operating context
Source manifest
Assumptions register

A maintenance note informs interpretation. It becomes a model parameter only through a justified engineering method

Figure 4.1: Different industrial source records pass through identity, unit, time and quality

checks before becoming reviewed model inputs or context.

Discussion (Figure 4.1).
The six source groups illustrate different record structures, not interchange-

able stores. A laboratory sample has a composition basis; a historian interval
has a time and operating mode; a drawing has a revision. Resolve those differ-
ences before building the input package. Preserve maintenance observations
as context unless an engineering method justifies converting them into model

parameters.

4.4 A Tag Mapping Pattern

Historian tags are rarely named the way a simulator variable is named.
A tag may encode facility, system, equipment, instrument type, and sig-
nal. Within a selected compression ProcessSystem, the model may expose
Suction Gas.pressure as an input on a named inlet stream. A tag map bridges
the two. Area selection belongs in the surrounding workflow; discover the actual

writable address before applying data.

study id: compressor_screen
asset id: COMPRESSOR A
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equipment: Export Compressor
model area: Compression
evidence version: E1
scenario id: observed window
pressure basis: absolute
time basis: UTC
record role: illustrative mapping
model variables:
inlet pressure:
address: "Suction Gas.pressure
unit: "bara"
historian tag: "APPROVED TAG FOR SUCTION PRESSURE"
role: input
source unit: "bara"
quality rule: "good values only"
inlet temperature:
address: "Suction Gas.temperature"
unit: "C"
historian tag: "APPROVED TAG FOR SUCTION TEMPERATURE"
role: input
source unit: "C"
quality rule: "steady state median 30min"

This YAML describes the study contract rather than a complete NeqSim
import schema. It should also link to explicit start/end times, accepted point
counts, and measurement uncertainty in the evidence manifest. The exact tag
names are asset-specific and should not be hard-coded in a public book. The
pattern is the important part. A model variable has an address, unit, historian
tag, time-window rule, and quality rule. The agent can then retrieve a data
window, calculate a robust median, detect bad periods, and set the process

model input.

4.5 Maintenance, Integrity, and Equipment Context

Enterprise asset management (EAM) and computerized maintenance manage-
ment systems (CMMS) usually supply context rather than thermodynamic
inputs. Equipment master data can confirm the equipment identity, installed
location, manufacturer, and functional hierarchy. Work orders and notifications

can reveal recent repairs, inspection findings, cleaning campaigns, and known
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limitations. Spare-parts data can constrain what recommendations are realistic
in the near term.
For example, an agent may find that a heat exchanger has lower duty

than the NeqSim model predicts. Historian data shows the temperature ap-
proach has degraded over several months. The engineering repository provides
exchanger surface area and design duty. Maintenance records show repeated
cleaning notifications and a planned shutdown window. The engineering study
can then become more useful: not just “calculated duty is lower than design,”
but “observed duty degradation is consistent with fouling; evaluate cleaning
during the planned window and update the model after post-cleaning data is

available.”
This is where maintenance evidence makes a calculated deviation actionable.

The process model can quantify the effect. Enterprise data can explain whether

the effect is operationally actionable.

4.6 Production Databases: Well Tests, Allocation, and
Reporting

Production databases are a critical but often neglected data source for process
simulation. They contain the measured throughput that links reservoir deliv-

erability to facility performance.

Well tests provide periodic measurements of individual well rates, water
cut, gas-oil ratio, wellhead pressure, and choke position. They help establish
measured well boundary conditions; reservoir deliverability also requires pres-
sure, completion state, and an appropriate well/reservoir model. A process
simulation that assumes a fixed feed composition and flow rate may be valid
for design-case screening, while a model using a reviewed, representative well
test has a better defined operating basis. The latest test is not automatically
representative of the current completion, reservoir state, or operating mode.

Allocation data distributes total measured production back to individual
wells or reservoirs. It provides the official volumes used for fiscal reporting and
reserves tracking. When an agent builds a multi-well field model, allocated
volumes can validate whether the simulation’s well-level outputs are consistent

with field accounting.
Daily production reports capture actual throughput, flaring, injection

rates, and downtime events. They provide a day-by-day record of what hap-
pened. When a simulation study asks “what would happen if we increased
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rate?” the production report answers “what is the current rate, and what has
it been?”

The agent pattern for production data is similar to historian data but with
a different structure. Production databases typically return tabular records
rather than time series. A well test report may give one measurement per well
per month. An allocation report may give daily volumes per well. The agent
should extract the most recent valid well test for each well, confirm its date,
and set the simulation boundary conditions accordingly. Define the acceptable
test age for the question and operating stability. An age threshold is a study

assumption, not a universal three-month rule.
Production data also supports well-to-facility consistency checks, but raw

volumetric rates cannot simply be added across different pressure and temper-
ature conditions. Reconcile a common period, phase basis, and boundary. Use
component, or mass balances, or convert each gas stream to the same stated
standard conditions. Account for inventory changes, reinjection, flare, fuel,
water separation, downtime, and measurement uncertainty before declaring
a meter or well test faulty. The reconciliation tool should return a residual
and a list of unresolved boundary terms, not a diagnosis based only on unlike

volumes.

4.6.1 Laboratory and PVT Handoffs

A gas composition should come from an identified laboratory analysis or online
analyzer record, possibly linked to a well test. A production-rate record alone
does not establish composition. Preserve sample location and time, sampling
conditions, analytical method, component basis, heavy-end characterization,
and review status. For a recombined reservoir fluid, retain the recombination

basis and the laboratory data used to assess it.

PRODML’s version 2.0 PVT documentation illustrates a useful lifecycle:
sample acquisition, sample container, laboratory analysis, characterization, and
property generation remain related. This is an exchange example, not a claim
that the current NeqSim interface imports every PRODML object directly. [24]

The laboratory reader and fluid specialist cooperate at this boundary. The
reader returns the analyzed components and evidence; the specialist decides
how they map to simulator components and petroleum fractions. If a required
contaminant was not measured, record the gap or run a declared uncertainty

case. Do not convert a missing measurement to zero merely to complete an
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input schema. Retain independent PVT measurements for validation rather

than using all observations to fit the same model.

4.6.2 GIS, Survey, and 3D Geometry Handoffs

Spatial information connects a stream-level calculation to the actual route and
layout. GIS tools may locate wells, pipeline corridors, and facilities; survey
records establish elevations and seabed profiles; a 3D engineering model can
supply equipment positions and piping configuration. GIS is used across

upstream, midstream, and downstream petroleum work. [17]
A geometry-preparation tool should return segment lengths, elevations,

diameters and relevant physical attributes with a coordinate reference system,
vertical datum, revision, and source. Map coordinates are not automatically
pipe lengths; a plan-view route is not a verified elevation profile. The pipeline
specialist must reconcile these before using gravity and heat-transfer calcula-
tions. A layout is also distinct from process topology: the P&ID and connection
records establish what is connected, while the geometry describes where it is
installed.

4.7 Project Documentation and Modification Manage-

ment

Two source classes that are rarely integrated into process simulation studies
deserve explicit treatment: project documentation and modification manage-

ment records.

4.7.1 Project Documentation

A facility’s design intent is captured in project documentation: the design basis

memorandum, basis of design, FEED reports, concept study reports, decision-

gate (DG) packages, and technical safety evaluations. These documents define

the assumptions that shaped the original design. They answer questions like:

e What composition, flow rate, and pressure range was the facility designed
for?

o What design margins were assumed for critical equipment?

o What acceptance criteria were set for gas quality, flaring limits, and water
discharge?

o What alternatives were evaluated and why were they rejected?
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When an agent performs a brownfield capacity screening, project documenta-
tion tells it what the original envelope was. If the current operating conditions
have drifted outside the design basis, the study should flag this explicitly. If
the agent finds that a proposed operating change is within the design margins
documented in the FEED report, the confidence in the recommendation

increases.
Project documentation is typically stored in document management systems

like controlled engineering repositories, collaboration platforms, or project data
warehouses. The agent access pattern is similar to technical document retrieval:
search by facility, system, and document type; retrieve the document; extract
relevant values; cite the source and revision. The difference is that project
documents are often large narrative reports rather than structured datasheets.
The agent may need to read multiple pages of a FEED report to find the

relevant design margins.

4.7.2 Modification Management and Management of Change

Modification management records track what has been changed, what is being
changed, and what is planned to change. In many organizations, these records
live in dedicated MOC systems, enterprise asset-management workflows, or
project planning tools. The system of record depends on the organization.

For process simulation, modification records answer essential questions:

e Has the equipment configuration changed since the last approved datasheet?
e Is there a modification in progress that affects the equipment being studied?
e Are there planned changes that the study should consider?

o Was a previous modification assessed against the same operating scenario?
A study that recommends increasing compressor throughput should check
whether the compressor is subject to a pending modification. A study that
finds a separator bottleneck should check whether an upgrade project is already
approved. Without this context, the agent may produce technically correct but
practically redundant or conflicting advice.

Management of change (MOC) records are particularly important for safety
studies. A HAZOP deviation or LOPA study should consider not only the
current configuration but also any modifications in the pipeline. If a valve is
being replaced or a control system is being upgraded, the safety assessment
should reflect the as-will-be configuration, not just the as-is.

Keep installed and proposed configurations separate. A pending modifica-

tion does not alter the as-is model, but its proposed geometry, internals, control
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logic, or operating conditions may define a new simulation scenario. Preserve
its approval status and effective date; never apply a planned change silently to

the operational baseline.

4.8 Online Data Versus Archived History

Historian data and online data both come from instruments, but they serve

different engineering purposes and have different quality characteristics.

Archived historian data is stored time-series evidence. Its sampling,
compression, interpolation, and retention depend on source configuration. It
is the basis for trend analysis, steady-state window identification, and perfor-
mance tracking. When an agent reads a 30-minute median from PI or IP.21, it
is using archived data.

Online data is the current or near-current reading from an instrument, with
age established from its source timestamp rather than assumed from a label
such as “live”. It is the basis for live advisory, alarm validation, and advisory
monitoring. An agent that reads the current compressor suction pressure and
compares it to a model prediction is using online data.

The distinction matters for three reasons:

1. Temporal validity. Archived data can be selected from a known operating
window. Online data captures the present moment, which may be transient,
abnormal, or in the middle of a process upset. A steady-state model should
not be compared against a live reading taken during a slug event.

2. Data quality. Archived data can be filtered for bad values, flatlines, and
sensor faults before use. Online data may contain momentary glitches that
have not yet been flagged.

3. Decision context. Archived data supports post-event analysis, model
calibration, and performance benchmarking. Online data supports real-time
decision support: should the operator change a setpoint now? Is the current

alarm real or spurious?
An agentic system that integrates both should label the data basis clearly.

A model calibrated against a 2-hour historian window and then compared
against live readings is doing two different things. Both are valuable, but the

uncertainty and interpretation differ.

For real-time advisory, the agent workflow typically looks like this:
1. Read the latest value from each mapped tag.
2. Check each reading against physical plausibility bounds.
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3. Check timestamps, time alignment, operating mode, and stale-data limits;
assign only accepted readings to simulation inputs.

4. Run the process model.

5. Compare model outputs to independent measured outputs, preserving
uncertainty.

6. If deviations exceed thresholds, generate an advisory with both the model
prediction and the measured value.

This is a live diagnostic loop. It requires fast model execution, robust handling

of bad data, and clear presentation of results. It also requires governance: who

sees the advisory? What authority does it carry? These questions are addressed

in Chapter 8.

4.9 Data Quality Gates

Every retrieved value should pass simple gates before entering a simulation.

Gate

Question

Example failure

Source approval

Currency

Unit clarity

Time alignment

Physical plausibility

Review status

Is this source allowed for the
study?

Is the document or tag win-

dow current enough?

Are units explicit and con-
verted correctly?

Do tags represent the same

operating period?

Does the value fit its sign
convention, sensor range and
physical role?

Has a human accepted ex-
tracted values for high-im-
pact use?

Private draft document used

without approval.

Old datasheet superseded by

later modification.

Gauge pressure treated as ab-
solute pressure.

Flow from Monday combined
with temperature from Fri-
day.

Reverse flow discarded as im-
possible without checking the
sign convention.

OCR reading used without
checking the drawing.

The agent should fail early when these gates fail. A failed data gate is a good

result: it prevents a bad calculation from becoming a polished report.
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4.10 Source Manifest Pattern

A source manifest is the bridge between retrieval and trust. It should be
machine-readable enough for agents and clear enough for engineers. A simple
manifest entry can look like this:

source id: COMP-DS-001
source type: datasheet
system: approved document repository
title: Export compressor datasheet
revision: B
retrieved at: 2026-05-08T10:30:00Z
retrieved by: study agent
access basis: user authorized
extracted values:

design pressure:

value: 160.0
unit: bara
page: 2

confidence: high
review status: checked
rated power:

value: 12.5
unit: Mw
page: 3

confidence: medium
review status: needs review
limitations:
- Vendor curve image was low resolution.
- Rated power needs confirmation against driver datasheet.

The manifest should travel with the study. If the calculation is rerun six months
later, the reviewer can see which source revision was used and whether a newer
document exists. If an extracted value was medium confidence, a later agent
can prioritize human review before reusing it.

This pattern is also useful for historian data. A tag window should be
recorded with tag name, unit, start time, end time, aggregation rule, number of
points, bad-quality percentage, and reason for choosing the window. A steady-
state median is much more defensible when the source manifest explains how

it was selected.
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4.11 Data Fusion Without Confusion

The temptation in agentic systems is to fuse all available data into a single
answer. Engineering work needs a more careful pattern. Data sources should
be joined only when their basis is compatible.

For example, a compressor datasheet may define rated conditions at a
specific gas composition and speed. Historian tags may represent a different
composition and speed. Maintenance history may describe a condition that
started after the selected tag window. A NeqSim model may use a simplified
compressor efficiency rather than the full map. Joining these sources without

stating the basis can produce a confident but misleading conclusion.
A disciplined workflow keeps three basis labels visible:

Basis Meaning Example
Design basis Original or revised engineering  Datasheet rated flow and pres-
design condition sure.
Operating basis Selected plant-data window or Last 30 minutes of stable oper-
operating mode ation.

Simulation basis =~ Model assumptions used for = SRK EOS and current gas com-

calculation position.

When the bases differ, the report should say so. The compressor may be inside
the design basis but outside the current operating basis. A heat exchanger may
meet design duty but fail to deliver observed duty because fouling is present.
An agent that preserves the distinction helps the engineer reason; an agent

that collapses it hides the problem.

4.12 Studies Enabled by Integrated Data

Access to maintenance systems, document repositories, historians, production
databases, and project documentation does not merely make existing studies
faster. It enables studies that were previously too cumbersome to run. Exam-

ples include:

Study Why it was hard before What data access changes
Maintenance-value screen-  Needed duty loss, produc-  Combines NeqSim, tags,
ing tion impact, and planned  maintenance work orders,

work windows and shutdown plans.
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Study

Why it was hard before

What data access changes

As-built capacity screen-

ing

Barrier health review

Energy optimization

Brownfield modification

triage

Well-to-facility reconcilia-

tion

Design-margin utilization

MOC impact screening

Needed current datasheet

revisions and operating
envelope
Needed cause-and-effect,

proof tests, and process

conditions

Needed actual fuel use,
compressor performance,

and production

Needed

straints and operational

equipment con-

value

Needed well test data, al-
location, and facility me-

tering
Needed original design ba-
sis and current operating

envelope
Needed

scope, affected equipment,

modification

and process interactions

Retrieves controlled en-
gineering documents and

current historian windows.

Combines safety docu-
ments, maintenance proof-
test records, and model

scenarios.

Joins power/fuel tags with
thermodynamic model

outputs.

Links process constraints
to document evidence and

maintenance feasibility.

Compares production
database volumes against

facility model.
Extracts FEED margins
and overlays current per-
formance from historians.
Queries MOC records and
runs simulation with mod-

ified configuration.

These workflows are powerful because they connect technical feasibility to

operational action. A simulation may show that a higher production rate is

possible, but the maintenance system may show that a limiting valve replace-

ment is already planned. A model may show that a heat exchanger cleaning

would recover duty, while the maintenance plan may show the earliest practical

window. The study becomes a decision workflow rather than a calculation

exercise.

4.13 NeqSim Infrastructure for Data-to-Model Bind-

ing

The concepts described so far — tag mapping, evidence packages, data quality

gates — are not only workflow patterns for agents to follow. NeqSim provides

concrete Java classes that implement them, so the agentic workflow has a
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programmable backbone rather than relying on convention alone. This section
describes the key classes in the neqsim.process.operations package and shows

how they bridge technical documents, plant data, and process simulation.

4.13.1 OperationalTagMap and OperationalTagBinding

The OperationalTagMap class is a portable, plant-agnostic map from logical

operating tags to NeqSim measurement devices and automation addresses.

Each entry is an OperationalTagBinding that records:

e a logical tag name used in public workflows and reports;

e an optional historian tag for connecting to PI, IP.21, or other time-series
databases;

e a P&ID reference for traceability to drawings;

e an automation address that maps to ProcessAutomation for reading or
writing simulation variables;

e a unit, role (input, benchmark, virtual), and description.

The map intentionally delegates field-data writes to existing measurement

devices and model writes to ProcessAutomation . It does not replace the NeqSim

instrumentation model; it provides a reusable bridge for P&ID and historian

workflows.
The following Java excerpt binds a pressure measurement

to an existing ProcessSystem process and its feed Stream feed,
named Suction Gas . The measurement device applies the accepted
field pressure to that stream. Import neqsim.process.operations.* ,
neqgsim.process.measurementdevice.InstrumentTagRole ,

neqsim.process.measurementdevice.PressureTransmitter , and java.util.* :

PressureTransmitter pressure = new PressureTransmitter("Suction
Pressure", feed);

pressure.setUnit("bara");
pressure.setTag("HISTORIAN SUCTION PRESSURE");
pressure.setTagRole(InstrumentTagRole.INPUT);
process.add(pressure);

OperationalTagMap tagMap = new OperationalTagMap();
tagMap.addBinding(
OperationalTagBinding.builder("Suction Pressure")
.historianTag("HISTORIAN SUCTION PRESSURE")
.pidReference("PT-1001")
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.unit("bara")
.role(InstrumentTagRole.INPUT)
.build());

When the agent retrieves field data from a historian, the tag map can apply it

directly to an existing ProcessSystem process :

neqsim.util.validation.ValidationResult validation =
tagMap.validate(process);
if (!validation.isValid()) {

throw new IllegalArgumentException(validation.getReport());
}
Map<String, Double> fieldData = new LinkedHashMap<>();
fieldData.put("Suction Pressure", 72.3);

Map<String, Double> applied = tagMap.applyFieldData(process,
fieldData);

process.run();

Map<String, Double> modelValues = tagMap.readValues(process);

Call tagMap.validate(process) explicitly and inspect its errors and warnings
before applyFieldData . The latter does not automatically execute that valida-
tion, and unbound or missing values are not a substitute for a complete input
package. Record required-field completeness in the surrounding workflow. The
tagged-pressure example was executed in the book’s focused Java checks: the
binding validates and applies 72.3 bara, which readvalues reads back. An
alternative automation binding needs a uniquely resolved writable variable;
discover its descriptor and validate the complete map before using it. The
pressure example uses the measurement route because the inspected stream
registry exposes duplicate input/output pressure descriptors.

This is the programmable version of the YAML tag-mapping pattern
described earlier. The advantage is that the tag map travels with the process

model and can be serialized, versioned, and tested.

4.13.2 OperationalEvidencePackage

The oOperationalEvidencePackage class orchestrates a complete evidence report
from document-derived tags, field data, operational scenarios, and bottleneck
analysis. It takes a process system, a tag map, field data, and a list of scenarios,

and returns a structured JSON object containing:
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« base evidence: model values for every bound tag;

e benchmark comparison: model-versus-field deviation for each tag, with
pass/fail against a configurable tolerance;

e bottleneck analysis: capacity constraints from the registered equipment
strategies;

o scenario results: before/after values for each operational scenario;

e quality gates: checks on the assembled comparison, capacity and scenario
results; source freshness, document approval and raw-data quality remain

upstream responsibilities.
This is the artifact that makes agentic integration auditable. An agent does not

simply assert that the model matches plant data. It produces a JSON object
where every deviation is visible, configured tags are identifiable, and scenario
results can be compared against a baseline. The broader source manifest must
supply document revisions, timestamps, and extraction provenance; these are

not automatically created by the calculation class.

4.13.3 From Tags to Decisions

The infrastructure described here transforms the data integration pattern from
a manual checklist into a first-class part of the simulation workflow. An agent
that uses these classes does not need to coordinate tag mapping, data appli-
cation, model execution, and evidence collection as separate manual steps. The
calculation stages can be coordinated in a report-building call once external
retrieval, mapping validation and evidence acceptance have completed. A call
to buildReport does not itself log into source systems or verify a datasheet
revision.

This matters because the bottleneck in many operational studies is not the
flash calculation or the separator sizing. It is the translation between plant-data
systems, engineering documents, and process models. The OperationalTagMap
and OperationalEvidencePackage classes move that translation into tested,

versioned code that agents can invoke and engineers can inspect.

4.14 Worked Example: Tools Cooperating on a Com-
pressor Question

Consider the bounded question: does a change in feed justify an equipment

performance investigation before increasing throughput? The input records
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below are synthetic teaching data, not a retrieved asset record. Numerical
NeqSim checks are identified separately from those inputs. The workflow
demonstrates how a workbench could connect approved industry tools without

assuming that any live enterprise connector is available.

4.14.1 Resolve the Equipment and the Rated Basis

The orchestrator gives the document reader the study ID and canonical
compressor ID. The reader locates the reviewed datasheet and vendor map;
the maintenance reader checks the installed configuration. The values below
describe a rated reference point. They are not allowable upper and lower

operating limits.

Parameter Synthetic rated value Required evidence in a real study
Suction pressure 72.0 bara Rated condition, document revision
and page.
Discharge pressure 155.0 bara Rated condition and applicable
speed.
Suction temperature 308.15 K (35.0 °C) Rated gas conditions.
Gas molar mass 18.5 g/mol Rated composition or vendor fluid
basis.

The handoff identifies unresolved map, driver, discharge-temperature, and
anti-surge limits. If these are absent, the study may compare thermodynamic
conditions but cannot conclude that the machine is inside its operating

envelope.

4.14.2 Select an Operating Window

A historian tool returns an aligned window and its quality metadata. A prepa-
ration tool classifies the operating mode, rejects invalid readings and records

the chosen aggregation. In this synthetic example, the accepted values are:

Logical measurement Synthetic operating value Model role
Suction pressure 68.4 bara Inlet boundary input.
Discharge pressure 148.7 bara Outlet pressure specification.
Suction temperature 311.35 K (38.2 °C) Inlet boundary input.
Gas rate 42,500 standard m?/h Input only after standard condi-

tions are declared.
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A real package must state the window start/end, coverage, status flags, and
uncertainty. Good sensor status alone does not establish steady state. Driver
power and discharge temperature, if available, are retained as independent

validation measurements rather than overwritten with predicted values.

4.14.3 Obtain the Fluid Basis

The laboratory reader supplies an approved sample or analyzer record linked
to the same period. It passes the composition and sampling metadata to the

fluid specialist. The synthetic mole-fraction input is:

methane: 0.82
ethane: 0.08
propane: 0.04
n-butane: 0.015
i-butane: 0.01
C02: 0.025
nitrogen: 0.01

The fractions sum to 1.000. That checks normalization, not representativeness.
The fluid specialist must also assess sampling location, phase basis, omitted
water/contaminants, and applicability of the selected EOS. A well-test rate

record alone is insufficient evidence for this composition.

4.14.4 Freeze Inputs and Call NeqSim

The orchestrator records evidence version E1 and scenario observed window .
Input validation checks the fluid, absolute pressure, temperature, and model
settings. The following source-checked runFlash request illustrates the current

interface; an installed server’s discovered schema remains decisive.

{
"jsonrpc": "2.0",
"id": 21,
"method": "tools/call",
"params": {
"name": "runFlash",

"arguments": {
"components": "{\"methane\":0.82,\"ethane\":0.08,
\"propane\":0.04,\"n-butane\":0.015,\"1i-butane\":0.01,
\"CO02\":0.025,\"nitrogen\":0.01}",
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"temperature": 311.35,

"temperatureUnit": "K",
"pressure": 68.4,
"pressureUnit": "bara",
"eos": "SRK",

"flashType": "TP"

}

A source-backed calculation for this input using SRK and the classic mixing
rule gives a single gas phase, molar mass 20.1582 g/mol, compressibility factor
0.856277, and initialized physical density 62.4466 kg/m?>. The reported physical
density uses NeqSim’s volume-correction treatment and therefore need not
equal a density reconstructed from the uncorrected EOS compressibility factor

alone.

4.14.5 Run the Equipment Model with Explicit Assumptions

The process model consumes the accepted fluid, flow and pressure bound-
aries. For a polytropic calculation with assumed efficiency 0.78, the model
must select polytropic mode explicitly: setUsePolytropicCalc(true) as well as
setPolytropicEfficiency(0.78) . Setting an efficiency value alone does not select
that calculation mode. Record the chosen method and the reference conditions

used to interpret the standard gas rate.
The output package should contain inlet/outlet conditions, power, head,

convergence status, and every model assumption. It is a thermodynamic
compression calculation until a suitable vendor map, speed, driver limit, and
control context are included. A specified outlet pressure is an input; matching

it is not an independent validation success.
For the executed teaching case, the standard gas volume is defined at 288.15

K and 101,325 Pa with the ideal-reference convention used by the stream

conversion. The explicit polytropic calculation gives:

Calculated quantity Value
Feed mass rate 10.0647 kg/s
Discharge temperature  380.653 K (107.503 °C)
Compressor power 1,270.09 kW
Polytropic head 98.4298 kJ/kg
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The verification record checks the stream conversion and mass/energy consis-
tency. These are useful internal checks, not independent validation of an
installed compressor or its assumed efficiency. A different reference-volume

convention must be converted before reusing the gas-rate input.

4.14.6 Compare Like Quantities Without Inventing Limits

The arithmetic comparisons below follow directly from the supplied teaching
inputs and the calculated molar mass. Relative changes use the rated value as
the denominator. Temperature is reported as a difference in K; a percentage

based on degrees Celsius would have an arbitrary zero.

Quantity Rated reference Operating/calculated value Difference
Suction pressure 72.0 bara 68.4 bara —5.00%
Discharge pressure 155.0 bara 148.7 bara —4.06%
Suction temperature 308.15 K 311.35 K +3.20 K
Molar mass 18.5 g/mol 20.1582 g/mol +8.96%

These differences identify a changed operating point. They do not estab-
lish surge margin, driver adequacy, mechanical acceptance, or an allowable
throughput increase. The validation specialist returns that distinction to the

orchestrator, together with the missing evidence needed for an envelope check.

4.14.7 Bring the Other Tools Back into the Decision

The maintenance reader tests whether recent repair or degradation records
explain the change. The production tool checks whether the requested through-
put is deliverable and consistent with the selected period. The safety reviewer
identifies affected limits and change requirements. The emissions calculation
uses scenario power and the relevant energy/emissions basis; it must distinguish
electricity imports, fuel combustion, flaring, and venting. The reporting tool
then presents the same scenario and evidence IDs to the engineer.

This is a complete cooperation pattern even when its conclusion is that more
evidence is needed. Successful retrieval does not guarantee accepted inputs; a
converged thermodynamic calculation does not guarantee an approved operat-
ing change. The practical output is the result, its basis, the current constraint,

and the next justified action.
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4.15 Summary

Agentic process simulation depends on governed data retrieval as much

as on calculation. Technical documents provide design evidence. Historians

provide operating evidence from archived time series. Real-time readings

provide the current state for live advisory. Production databases provide

reservoir deliverability and actual throughput. Project documentation provides

design intent and acceptance criteria. Modification management records track

what has changed and what is planned. EAM/CMMS systems provide

asset context, maintenance feasibility, and spare-part availability. Skills and

agents connect the relevant evidence domains to NeqSim models while

keeping source provenance visible. The negsim.process.operations package

provides concrete Java classes — OperationalTagMap , OperationalTagBinding ,

and OperationalEvidencePackage — that implement data-to-model binding as

a programmable, testable, and auditable workflow.
Key points from this chapter:

o The relevant evidence domains include fluid/PVT, subsurface, operations,
geometry, documents, maintenance, safety, and emissions.

e Retrieval should produce structured evidence with source, unit, confidence,
and review status.

o Historian tags need mapping, time-window selection, and quality checks
before model use.

e Online real-time readings serve different purposes than archived historian
data; the agent must label the basis.

e Production databases provide well tests, allocation, and throughput that
set reservoir boundary conditions.

e Project documentation provides design margins, acceptance criteria, and
original study assumptions.

e Modification management records prevent recommendations that conflict
with approved changes.

e Maintenance and integrity data help turn a calculated deviation into a
practical intervention.

o Data gates are essential for preventing fast but unsupported simulations.

e NegSim’s operational tag map and evidence-package classes turn data inte-

gration from convention into code.
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Exercises

1. Source manifest: Design a source manifest for a pump performance study
using a datasheet, three historian tags, and maintenance work orders.

2. Tag mapping: Define a tag map for separator pressure, temperature, gas
flow, liquid level, and water cut. Include source timestamps, units, quality
rules and validation roles.

3. Quality gate: List three reasons a retrieved value should be rejected before
entering a process model.

4. Evidence package: Describe what an OperationalEvidencePackage report
should contain for a compressor study that compares model predictions

against historian data.
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CHAPTER 5

From Modular Field Models to
Equipment Studies

Learning Objectives

After reading this chapter, the reader will be able to:

1.

Explain why facility models should be built as named process areas rather
than one opaque flowsheet.

. Use a modular NeqSim model as the starting point for equipment-detail

studies.

. Link model variables to controlled engineering documents, historian tags,

vendor evidence, maintenance records, and review gates.

. Feed equipment constraints back into the field model without losing scenario

traceability.

Beyond the online book: The online book demonstrates individual NegSim
calculations and equipment examples. This chapter connects those pieces into
one operating pattern: modular field models provide the facility context, and
equipment-detail studies provide the evidence needed to update constraints,

explain bottlenecks, and support decisions.

5.1 The Model-to-Equipment Chain

Agentic facility work becomes useful when a high-level model and a detailed

equipment question are connected. A field model may show that the export

compressor limits production, that a separator is close to liquid-handling

capacity, or that a cooler cannot reach the target outlet temperature. The

next question is not only mathematical. It is evidence-based: what does the
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datasheet say, what do the tags show, what has changed in maintenance history,
and what review is needed before the conclusion can affect operation?
This chapter combines two ideas that are often treated separately. Modular

field models create the stable process context. Equipment studies drill into
the item that matters. The agentic workflow carries assumptions and evidence

across the boundary instead of leaving each study isolated in a notebook,

spreadsheet, or chat transcript.

5.2 Reference Field Architecture

A practical facility model should be split into process areas with clear owners

and handoffs.

Area

Main content

Typical study use

Reservoir and wells

Subsea and pipelines

Inlet and separation

Compression and dehy-
dration
Utilities and power

Flare and safety

Economics and reporting

Production profiles, well-

stream fluids, well pres-

sures

Flowlines, risers, route

data, thermal environ-
ment

Slug catcher, HP/LP sep-

arators, stabilization

Scrubbers,  compressors,

coolers, dehydration

Fuel gas, turbines, cooling,

heat recovery

Relief loads, blowdown,
barriers, inventories
Production, CAPEX/

OPEX, uncertainty, risk

Forecasts, constraints, and

well sensitivity.

Arrival pressure, hydrate
margin, cooldown, and
water hammer screening.
Capacity, phase split, lig-
uid handling, and relief

implications.
Export pressure, power,

dew point, and emissions.

CO2

and utility constraints.

Energy, intensity,

Safety screening and con-
tingency studies.

Concept and operating-
decision support.

The architecture is not a mandatory template. The principle is that each area

has a named boundary, a documented data basis, and explicit stream or signal

connections to neighbouring areas.
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5.3 ProcessModel Pattern

NeqSim supports modular work through ProcessSystem and ProcessModel . A
ProcessSystem represents one process area. A ProcessModel composes several
named systems into a field or facility model. Shared streams can connect areas
by object reference, and the combined model can be run iteratively until the

handoffs converge.
The following source-checked structural excerpt assumes that the standard

negsim dev_setup cell has created ns and that a reviewed feed stream named
feed already exists. It illustrates module assembly, not a validated equipment
design. The outlet pressure is a teaching input; a real compressor also needs

an explicit efficiency /method or a suitable performance map.

def build separation(feed stream):
separation = ns.ProcessSystem()
separation.add(feed stream)
hp separator = ns.Separator("HP Separator", feed stream)
separation.add(hp_separator)
return separation, hp separator.getGasOutStream(),
hp_separator.getLiquidOutStream()

def build compression(gas_stream):
compression = ns.ProcessSystem()
compressor = ns.Compressor("Export Compressor", gas_stream)
compressor.setOutletPressure(150.0, "bara")
compression.add(compressor)
return compression, compressor.getOutletStream()

plant = ns.ProcessModel()

separation, gas_to compression, o0il stream =

build separation(feed)

compression, export gas = build compression(gas_to_compression)
plant.add("Separation", separation)

plant.add("Compression", compression)

plant.run()

In a real study, each builder function can read a configuration file, attach
controllers, register automation variables, connect evidence metadata, and save
a lifecycle state. That structure lets an agent localize a change: update the
compression area with a retrieved compressor curve, or run the pipeline area

for a cold hydrate case.
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5.3.1 Module Contracts Let Different Tools Cooperate

A module boundary should describe more than the name of its outlet stream.
The upstream specialist supplies composition, phase basis, pressure, tempera-
ture, rate, and scenario identity. The downstream specialist returns its required
backpressure, utility demand, and capacity constraints. The orchestrator rec-
onciles these handoffs while preserving a shared model and evidence revision.

Boundary

Upstream tool contribu-

tion

Downstream return and

acceptance check

Reservoir to wells

Wells to gathering

Gathering to separation

Separation to compres-

sion/export

Process to utilities/emis-

sions

Integrated model to equip-

ment review

A selected forecast or de-
liverability case with pres-

sure and fluid basis

Wellstream

flow and thermal bound-

components,

ary

Arrival stream and rele-
vant slug or transient sce-

nario

Gas composition, rate and

suction conditions

Heating, cooling, power,

fuel and flare requirements

Loads and selected scenar-

ios with evidence IDs

Well constraints and fea-
sible rates; reconcile com-

pletion state and date.

Network backpressure and
arrival conditions; recon-

cile time and phase basis.

Inlet pressure require-

ment, gas/oil/water sep-

aration loads and con-
straints.

Discharge requirement, re-
cycle, power and product-

quality constraints.

Available utility capacity
and consistent emissions

accounting.

Reviewed equipment con-

straints and proposed sce-

nario changes.

A downstream pressure change can affect well deliverability and pipeline arrival
conditions. Therefore a set of individually converged modules is not necessarily
a converged facility. Check boundary consistency and overall component, mass,
and energy balances. When different tools exchange files or API results,
document interpolation, units, component mapping, and iteration criteria at
the boundary. Do not claim that NeqSim automatically couples to an external
reservoir or network simulator merely because each has an API.
The practical handoff is a compact package containing study id,

scenario id, evidence version, model revision, boundary id , the physical

values and units, convergence status, and unresolved conditions. A specialist
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may revise its own module, but a changed boundary creates a new integrated

scenario that must be checked downstream and, where coupled, upstream.

5.4 Stable Addresses and Automation

Large models need stable variable addresses. NeqSim’s automation layer pro-

vides string-addressable variables such as:

Separation::HP Separator.gasOutStream.temperature
Compression: :Export Compressor.outletPressure
Pipelines::Export Flowline.outletStream.pressure
Utilities::Fuel Gas.flowRate

Here, Fuel Gas is the name of an inlet Stream in the Utilities area.

An area-qualified address can identify a variable in the integrated model.
When a tool accepts a single ProcessSystem , select the area first and use its
locally discovered address. Confirm that a target is an INPUT before writing it;
a displayed output is not necessarily writable. Tag maps, document extraction
outputs, and reports can then identify the same variable without guessing
object paths. If the accepted historian package gives a suction pressure for the
selected operating window, the agent can apply that value to the correct model
address and rerun the scenario.

Stable addresses also make results reproducible. A table can state exactly
which variable was changed, what value was read, which unit was used, and

which scenario state stored the result.

5.5 Study Model, Advisory Model, and Design Model

Not every modular model has the same authority.

Model type Purpose Data connection Governance level
Study model Answer a defined Manual inputs or Study-team re-
engineering ques-  retrieved snap- view.
tion shots
Operational advi-  Support repeated Historian windows Read-only, vali-
sory model monitoring or and approved tag dated, logged.
what-if use maps
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Model type Purpose Data connection Governance level

Controlled design Formal basis for Controlled inputs Discipline ap-

model design or safety and frozen as- proval and docu-
decision sumptions ment control.

Agentic workflows can support all three, but the allowed autonomy changes. A
desktop study model may be interactive. An advisory model should be read-
only and logged. A controlled design model needs frozen assumptions, review

records, and revision control; a simulator run does not itself certify a design.

5.6 Steady-State and Dynamic Use

A modular model often starts as steady-state because steady-state simulation is
the right tool for capacity screening, product quality, energy use, and scenario
comparison. Dynamic simulation is needed when the question is time-depen-
dent: depressurization, control response, startup, shutdown, slug clearing, or

water hammer.

Engineering question Mode Reason

Where is the compressor operat-  Steady-state Settled operating-point and dri-

ing point relative to a validated ver/load checks; transient surge
map? protection needs separate analy-
sis.
How fast must an anti-surge valve Dynamic Time-dependent response to a
open? flow transient.

What separator size is needed at Steady-state Retention and gas-load checks at

design rate? converged conditions.
What happens to separator level Dynamic Holdup response to a time-vary-
during a slug? ing inlet.
What is the blowdown time and Dynamic Pressure and temperature tran-
minimum temperature? sient during depressurization.

For facility work, dynamic mode is often applied to one process area while
the larger model supplies boundary conditions. The agent should explain that

choice instead of treating every simulation as the same type of calculation.

5.7 Evidence Links

A modular model becomes credible when each area can point to its evidence:
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e separation area to vessel datasheets, inlet conditions, internals, and sepa-
rator tests;

e compression area to vendor curves, driver data, performance tags, and
maintenance history;

e pipeline area to line lists, route data, ambient profiles, and flowline drawings;

o safety area to relief basis, blowdown philosophy, cause-and-effect charts, and
barrier registers;

 utilities area to fuel gas tags, turbine performance, cooling limits, and
emissions factors.

The evidence link should be explicit. Useful metadata includes

source_document , source_revision , retrieved at , review status, and

assumption owner . The agent can then flag stale evidence and expose uncer-

tainty instead of hiding it in prose.

5.8 Equipment Evidence Package

An equipment-detail study starts with a compact evidence package.

Evidence item Typical source Use in study

Equipment tag and service Controlled equipment reg-  Identity and model map-

ister ping.
Datasheet Controlled document  Design pressure, tempera-
repository or vendor pack- ture, capacity, material.
age
Performance curve or map Vendor package Compressor, pump, fan,

valve, or exchanger perfor-

mance.
Process conditions NeqSim model and histo-  Current and scenario
rian tags loads.
Maintenance history EAM/CMMS notifica-  Fouling, degradation, re-
tions and work orders pair, and operating con-
text.
Standards and technical Standards database, cor-  Acceptance criteria and
requirements porate documents safety factors.

The report should separate values from simulation, documents, tags, and
assumptions. That separation is what lets the engineer judge whether the result

is a screening, a verification, or evidence submitted for formal approval.
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5.9 Equipment Study Examples

Compressor. A compressor bottleneck study can combine simulated suction
conditions, gas composition, required head, power, vendor map, driver load
tags, anti-surge position, and maintenance history. The output should identify
whether the active constraint is process load, map limit, driver power, recycle,

or degradation.
Heat exchanger. A heat exchanger study can compare model duty

with observed duty from tags, check approach temperature and pressure
drop against datasheet limits, and review cleaning history. The agent should
distinguish between fouling, wrong flow, wrong composition, bypassing, and
instrument error.

Separator. A separator study can combine gas and liquid rates, densities,
viscosities, surface tension, vessel dimensions, demister type, retention time,
level settings, and relief implications. Datasheet and mechanical-drawing evi-
dence is essential; the process model alone does not know the physical internals.

Valves and instruments. Valve and instrument studies connect pressure
drop, phase state, flow, Cv, rangeability, actuator behaviour, fail position,
noise, alarms, and trip context. The agent can screen, but changes to valves,

alarms, set points, and safety functions remain governed engineering changes.

5.10 Study Levels and Review Gates

Equipment studies should declare their authority level.

Level Purpose Evidence require- Output
ment
Screening Find likely con- Approximate Ranked issues for
straints or opportu-  model and key doc- follow-up.
nities uments
Verification Check a proposed Reviewed docu- Recommendation
operating change ments, tags, and with assumptions.
standards

Formal approval Support design or Controlled sources Approved engineer-
safety decision and discipline re- ing deliverable.

view
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This distinction prevents polished agent outputs from being mistaken for
approval. A result can be useful and still require specialist review before it

changes an operating limit.

5.11 Feeding Results Back to the Field Model

The best equipment studies do not end as disconnected reports. They feed

constraints, updated parameters, or warnings back into the modular model:
e a compressor study updates maximum allowable flow for a suction-temper-

ature envelope;
o a heat exchanger study updates effective UA or flags a fouling scenario;
e a separator study updates liquid handling capacity or carryover risk;
e a control-valve study updates available pressure drop or noise constraint;

e a pump study updates efficiency or minimum-flow limits.
The feedback should be explicit and reversible. The base model remains a base

model. Scenario states record what changed, why it changed, which evidence

supports it, and who reviewed it.

5.12 Calibration and Root Cause Loops

A facility model becomes more valuable when it is compared with plant data.
Calibration should not mean forcing the model to match every tag. It means
selecting steady-state windows, mapping tags to inputs and outputs, calculat-
ing residuals, adjusting physically meaningful parameters within bounds, and

validating against a separate window.
The same evidence pattern supports root cause analysis. When equipment

performance changes, the agent can rank hypotheses, retrieve operating and
maintenance evidence, run simulations under observed boundary conditions,
and provide a structured package for specialist review. The agent does not

replace the specialist; it reduces the time spent assembling the evidence.

5.13 Full-Facility Study Example

Consider a satellite tieback question: can a new stream be processed through
an existing host without major modifications? A modular model turns the

question into a sequence:
1. build the wellstream fluid and production profile;
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N

5.
6.
7.

run subsea and pipeline arrival pressure and temperature cases;

. feed the host inlet and separation model;

check liquid handling, gas compression, dehydration, export, and flare
impact;

run equipment-detail studies for active constraints;

evaluate utilities, emissions, uncertainty, and economics;

summarize bottlenecks and modification options.

Different specialists can work on different areas while the integrated model

preserves the facility-level picture. The question must still be tied to a shared

evidence cut. A new reservoir forecast cannot be combined silently with an

older fluid sample and a planned compressor modification.

5.13.1 A Tool-by-Tool Tieback Study

Start with an approved scenario definition: candidate tieback, host configura-

tion, forecast period, and product requirements. The sequence below shows

how the recurring compressor case expands into a facility study.

1.

A subsurface or production reader retrieves the candidate forecast and well
assumptions. A laboratory reader supplies the fluid samples and uncertainty
cases. Their joint output is a named feed scenario, not two disconnected
spreadsheets.

Document and geometry tools resolve route lengths, elevation, diameters,
insulation, and installed host connections. A pipeline specialist builds
arrival-condition cases from those records and the feed scenario.

NegSim supplies phase behavior and process calculations for the selected
route and host model. If a specialist transient or reservoir solver is required,
its boundary package records method, version, interpolation, and validation
evidence before the result enters the integrated model.

Historian and production tools supply a comparable host operating period.
Calibration uses selected inputs; a separate validation window tests the
baseline before the tieback scenario is interpreted.

The compressor specialist applies the installed map and driver constraints.
A maintenance reader checks whether an apparent limit is linked to a
known condition or a scheduled intervention. Proposed repairs and upgrades
become separate scenarios rather than hidden changes to the baseline.
Utilities, emissions, safety and economic tools consume the same saved
scenario outputs. They retain their own accounting boundaries, criteria and

uncertainty. The orchestrator checks that all reports name the same case.
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7. The report presents the active constraint, alternatives, evidence gaps, and
conditions for acceptance. A result may justify further study, an equipment
investigation, or a formal modification package; it does not itself change an
operating limit.

The workflow can recover locally. A failed geometry lookup does not prevent

laboratory review, but it blocks a route-specific prediction. A failed compressor

case can be diagnosed while the document reader checks its map basis. If
an input changes, rerun the dependent scenarios and identify which previous
results are superseded. This makes cooperation both efficient and reviewable.

Case handoff. This chapter consumes the evidence package defined in

Chapter 4, calculates named facility scenarios, and returns equipment con-

straints and saved states to the operational, safety, and decision workflows in

later chapters.

TOOL COOPERATION / 05

Connect the field model to specialist tools

Consistent stream states link process areas; evidence links each area to the installed asset.

PROCESS AREA 1 PROCESS AREA 2 PROCESS AREA 3 PROCESS AREA 4

Wells and pipeline Separation Compression Export / treatment
Composition Phase split Head and power Product specification
Rates and arrival conditions Capacity and liquid handling Operating-envelope limits Delivery conditions
Geometry and equipment Operating evidence Specialist checks

Line lists, drawings, vendor maps and Matched historian interval, laboratory Transient response, integrity, relief and
verified dimensions sample and well tests mechanical assessment

Passing a stream state requires composition, flow, temperature and pressure with a common unit and reference basis.

Figure 5.1: A modular process model links wells, separation, compression and export with

operating evidence and specialist tools.

Discussion (Figure 5.1).
The model passes stream states between process areas while specialist tools

examine particular constraints. This lets a compressor study reuse the fluid
and flow established in the field case. When a specialist changes an accepted
constraint, rerun the affected scenario and retain the resulting version so the

recommendation refers to one consistent case.
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5.14 Summary

Modular field models and equipment-detail studies are one decision chain.

The modular model provides the process context, stable addresses, scenario

states, and cross-area convergence. Equipment studies provide the datasheet,

vendor, historian, maintenance, and standards evidence needed to understand

the active constraint.
Key points from this chapter:

e Large facility models should be composed from named process areas.

e Stable automation addresses make tag mapping, reporting, and MCP calls
reliable.

o Steady-state and dynamic simulation answer different questions; the agent
should explain the mode choice.

e Equipment studies need evidence packages that separate simulation values,
document values, tag values, and assumptions.

e Constraints from equipment studies should feed back into scenario states

without corrupting the base model.

Exercises

1. Area split: Divide a gas-processing facility into five process areas and define
the stream handoffs.

2. Equipment package: Define the evidence package for a compressor bottle-
neck study and mark which values come from model, engineering documents,
tags, and maintenance records.

3. Feedback loop: Describe how a separator capacity finding should be stored

back into a field model without overwriting the base case.
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CHAPTER 6

Safety, Standards, and Barrier
Studies

Learning Objectives

After reading this chapter, the reader will be able to:

1.

Explain how agentic workflows can support, but not replace, process safety

work.

. Connect NeqSim calculations to HAZOP, LOPA, SIL, relief, flare, and

barrier studies.

. Describe how controlled engineering evidence and standards mapping im-

prove safety traceability.

. Define review gates for safety-relevant MCP and agent outputs.

Beyond the online book: The online book mentions safety peripherally in
flow assurance examples and case studies. This chapter provides dedicated
coverage of HAZOP preparation, LOPA worksheets, SIL determination,
relief and blowdown screening, barrier evidence, trapped-liquid fire rupture
studies, and the review gates that must surround safety-relevant agentic

outputs.

6.1 Safety Work Is Evidence Work

Process safety studies are structured ways of asking what can go wrong, how

bad it can be, how likely it is, and which barriers prevent or mitigate the

event. They are not simply calculations. They combine process understanding,

equipment design, operating history, standards, human factors, and judgement.
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Agentic engineering can help because much of the preparation is evidence
work. An agent can assemble equipment lists, extract design pressures, identify
relief devices, read operating envelopes, summarize maintenance history, and
map applicable standards. NeqSim can calculate thermodynamic and process
conditions that safety studies need: inventories, phase splits, relief properties,
blowdown temperatures, hydrate or CO2 freezing margins, flare loads, and
dispersion source terms.

The boundary is clear. Agents can prepare and screen. They cannot approve
safety decisions. A HAZOP chair, discipline engineers, operations represen-
tatives, and technical authorities remain responsible for the study and its

conclusions.

6.2 Standards Mapping

Standards mapping is one of the most useful early agent tasks. A safety or
design study should identify which standards and company requirements apply
before calculations begin. The applicable edition, jurisdiction, facility type,
contractual basis, and departures belong in a reviewed requirements register.
NORSOK or a particular operator standard is an example for an applicable
project, not a worldwide default. IEC 61511 addresses the safety-instrumented
system lifecycle in the process sector; a calculation alone does not satisfy that
lifecycle. [25]
The following table is a topic map, not a declaration of code compliance:

Topic Common standards or Example NeqSim support
methods
Relief valve sizing API 520, API 521 Gas, liquid, two-phase re-
lief properties and loads.
Flare radiation API 521, API 537 Flare load summaries and

radiation screening.

Blowdown and MDMT API 521, ASME pressure-  Depressurization and min-

vessel methods imum temperature screen-
ing.
SIL and LOPA IEC 61508, IEC 61511 LOPA  worksheets and

safety-function documen-

tation.
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Topic Common standards or Example NeqSim support

methods

Risk management and ISO 31000; jurisdictional Risk registers, barrier
barriers and  operator  require- lists, bow-tie structures.
ments; NORSOK Z-013
where applicable

Pipelines Applicable onshore or off-  Pressure drop, phase be-
shore pipeline code; DNV-  havior, hydrate and dense-
ST-F101 for relevant sub- phase checks.

marine systems

The agent should not merely list standards. It should connect each standard
to the calculation or decision it governs. If the task is “increase separator
throughput,” the standards map may identify vessel design, relief, flare, instru-

mented protection, and barrier-management implications.

6.3 HAZOP and Deviation Preparation

HAZOP studies use guidewords and process nodes to identify deviations. An
agent can prepare the node package:

e process node description;

e equipment and stream list;

e normal operating envelope;

e design pressure and temperature;

e safeguards and trips;

o relevant historical alarms or incidents;

e known modifications and open actions.

For each node, the agent can suggest candidate deviations such as high
pressure, low temperature, reverse flow, no flow, high level, low level, wrong
composition, or hydrate formation. These suggestions are inputs to a human-
led workshop, not automatic findings. The value is preparation: the team starts

with a better evidence pack and spends more time on judgement.

6.4 LOPA, SIL, and Barrier Evidence
Layer of Protection Analysis (LOPA) and Safety Integrity Level (SIL) deter-

mination require clear initiating events, consequence categories, independent
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protection layers, frequencies, and risk targets. Agents can help by structuring

data and checking consistency.

For example, a high-pressure scenario on a separator may need:

Information

Source

Agent contribution

Design pressure

Normal pressure

Relief capacity

Shutdown function

Test history

Consequence

Vessel datasheet

Historian tag window

PSV datasheet and NeqSim

relief calculation

Cause-and-effect and instru-

ment data

Maintenance management

system

Process and safety model

Extract and cite.

Summarize steady-state dis-

tribution.

Compare required and in-

stalled capacity.

Identify sensor, logic, final el-

ement.

Summarize proof-test or fail-

ure context.

Estimate inventory and source

term.

The agent can build a draft LOPA table, but independence of protection layers,
credit for human action, common-cause failures, and target risk criteria are

discipline decisions. This distinction should appear in the output.

6.5 Relief, Blowdown, and Flare Screening

Relief and flare studies are especially well suited to calculation-backed agents.
NeqSim can calculate fluid properties and process states while MCP tools can
expose validated routines for flash and process simulation. A workflow may
screen blocked outlet, fire case, tube rupture, control-valve failure, or utility
failure.

A good screening output includes:
e scenario definition and initiating event;
e fluid composition and thermodynamic model;
e source pressure, temperature, and phase state;
e required relief rate or blowdown rate;
o relief-device or flare-system assumptions;
e model limitations and need for formal verification.
For blowdown, the temperature trajectory can be as important as pressure. Low

temperatures may challenge material limits, hydrate formation, CO2 freezing,
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or brittle fracture margins. The agent should report minimum temperature

with the method and model assumptions, not just time to target pressure.

6.6 Safety Studies Linked to Controlled Evidence

Safety studies become stronger when they link directly to as-built evidence. A
separator relief check can cite vessel datasheet, PSV datasheet, relief design
basis, flare header drawing, cause-and-effect chart, and relevant operating
tags. A compressor surge scenario can cite compressor curves, anti-surge valve

datasheet, control narrative, and trip history.
The source manifest should be part of the safety artifact. It should list source

name, revision, retrieval date, extracted fields, confidence, and reviewer. When

a document revision changes, the study can be flagged for review.
The integration is a sequence of checked handoffs. A document search returns

the approved P&ID revision and its equipment identifiers. A document extrac-
tor returns a draft barrier and isolation list with page references. The safety
engineer reconciles it against the cause-and-effect register and the installed
configuration. A maintenance reader then supplies proof-test records matched
to the same safety-function identifiers. These are evidence about the barrier;
they do not become fluid properties or simulation settings.

The process agent receives the reviewed isolation boundaries and inventory
inputs, computes a release or depressurization scenario, and exports a source
term with units, time basis, EOS, and limitations. A consequence-analysis
specialist accepts that source term into the appropriate external model and
returns a versioned result linked to the same scenario. The reporting tool joins
the result and review record. A missing isolation boundary blocks inventory
calculation; a missing proof-test record leaves barrier credit unresolved. This
branching makes the tools cooperate without implying that retrieval validates

a barrier.
Use the same pattern at an onshore gas plant, an offshore production host,

an LNG terminal, or a refinery utility interface. Facility layout, congestion,
occupancy, containment, and the governing requirements determine the sce-
nario and specialist method. The controlled-document repository supplies the
evidence; the workflow does not depend on a particular vendor or operator

system.
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TOOL COOPERATION / 06

Safety evidence follows the scenario

Screening identifies follow-up work; the approved method and responsible discipline govern acceptance.

Controlled evidence Scenario definition Analysis tools Discipline review
Design basis Initiating event NeqSim source term Check applicability
Operating envelope Inventory and isolation Specialist consequence model Resolve missing evidence
Barrier records Assumptions Barrier assessment Confirm required studies

A controlled handoff, not a compliance certificate

Carry scenario ID, input basis, method, tool version, uncertainty and reviewer status.

A successful calculation establishes neither regulatory compliance nor authorization to change plant safeguards.

Figure 6.1: Safety work carries controlled evidence into scenario definition, applicable

analysis tools and discipline review.

Discussion (Figure 6.1).

The source-term calculation, consequence model and barrier assessment
answer different questions. Their inputs must refer to the same scenario and
compatible assumptions. Use screening to identify required follow-up work,
then apply the governing method and responsible review before treating the
result as a decision basis.

6.7 Review Gates for Safety-Relevant Agents

Safety-relevant agent outputs need explicit gates:

Gate Purpose
Input approval Ensure data sources and operating envelopes are accepted.
Method approval Confirm standards, calculation methods, and model validity.
Results review Check physical plausibility and sensitivity to assumptions.
Action review Confirm recommendations are appropriate and controlled.
Archive Store artifacts, source manifest, and reviewer decisions.

These gates do not slow agentic workflows down unnecessarily. They make the

accelerated work usable in a safety culture.
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6.8 Worked Safety Thread: Separator Throughput In-
crease

Consider a proposal to raise throughput through an HP separator. A narrow
process study might check phase split and liquid residence time. A safety-aware

agentic workflow expands the thread.
First, the process model calculates new gas and liquid rates, phase densities,

operating pressure, and temperature. The document reader retrieves vessel
datasheet, nozzle data, PSV datasheet, cause-and-effect chart, and relevant
P&ID extracts. The plant-data agent retrieves current level, pressure, flow,
and trip history. The standards skill maps vessel capacity, relief, and barrier
requirements. The safety agent then screens deviations: high pressure, high
level, liquid carryover, gas blowby, hydrate or wax risk, and relief-load increase.

The following table is a fictional teaching example of a screening handoff;

these outcomes have not been calculated for an actual separator:

Safety question Evidence Screening outcome

Does higher gas rate affect NeqSim phase properties Demister  velocity  ap-

carryover? and separator dimensions proaches screening limit.
Does liquid inventory New level range and vessel Blowdown inventory in-
change relief or blow- volume creases; formal check re-
down? quired.

Are existing trips still ad-
equate?

Does PSV case change?

Are procedures affected?

Cause-and-effect and tag
history
PSV datasheet and

blocked-outlet scenario

Operating window and

alarm settings

High-level trip exists; in-
dependence not assessed.
Relief load may increase;
relief specialist review re-
quired.
Temporary operating in-
struction may need up-
date.

This thread does not approve the throughput increase. It tells the team where
the safety questions are and what evidence already exists. It also prevents a
common failure: treating a capacity calculation as if it automatically covered

relief, barriers, and procedures.
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6.9 Consequence Screening and CFD Source Terms

Safety studies frequently need to estimate the consequences of a release:
thermal radiation from a jet or pool fire, lammable gas concentrations at
occupied areas, toxic exposure, or overpressure from a vapor cloud explosion.
The consequence-analysis specialist selects the required modelling method.
Free-field consequence models and geometry-resolved CFD answer different
questions; CFD is particularly relevant where obstacles or terrain influence
the result. Phast and its separately selected CFD extensions illustrate this
distinction. Tool name alone does not establish the method or its suitability.
[26]

The source term is the handoff: release rate, composition, phase state,
temperature, pressure, and momentum. NeqSim can supply thermodynamic
and process inputs, subject to the release model’s assumptions and validation
envelope. [2]

The negsim.process.safety.scenario package provides a
ReleaseDispersionScenarioGenerator that walks a ProcessSystem, discovers
high-pressure streams, and builds release scenarios with:
¢ hole-size taxonomy (small, medium, large, full-bore);

o weather envelope (stability classes, wind speeds);

e source-term properties from NeqSim flash calculations;

e trapped-inventory estimates from vessel and pipe volumes;

« consequence branches (jet fire, flash fire, vapor cloud explosion, toxic).

The GasDispersionAnalyzer in negsim.process.safety.dispersion connects
NegSim thermodynamics to consequence screening. Its automatic selector first
equilibrates the fluid at ambient pressure and temperature, then chooses dense-
gas screening when the gas-to-air density ratio exceeds 1.2; otherwise it uses
passive Gaussian screening. This selection does not retain cold-release temper-
ature. Cold releases, two-phase dispersion, and buoyancy-dependent behavior
require an appropriately qualified specialist model. For quick screening, the
built-in GaussianPlume class provides downwind concentration estimates at
specified distances, stability classes, and release heights.

The CfdSourceTermExporter in neqsim.process.safety.cfd can format the
source terms into neutral JSON or OpenFOAM-oriented skeleton files for
handoff to specialist CFD analysts. This is a clear example of the boundary
between screening and formal analysis. NeqSim calculates the source term and
provides screening-level dispersion estimates. The specialist tool provides the
detailed field.
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The agentic value is that an agent can build the release inventory from
the process model, estimate the source term, run screening dispersion, and
prepare the CFD input file — using a documented exchange artifact between
tools. A neutral file is not proof that the receiving tool imported it correctly.
The safety engineer reviews the source terms, approves the scenarios, and runs
the formal CFD when warranted. The agent accelerates the preparation; the

engineer controls the result.

6.10 Trapped-Liquid Fire Rupture Studies

A blocked-in liquid-filled pipe segment exposed to fire can develop pressure
exceeding the pipe or flange rating if no relief device is present. This is a
thermal-expansion rupture scenario, often missed in conventional relief studies
because it involves piping rather than vessels.

The TrappedLiquidFireRuptureStudy class in neqsim.process.safety.rupture
orchestrates a transient screening that requires inputs from multiple document

and data sources:

Source

Input

Agent retrieval method

Pipe geometry (diameter,
wall thickness, length)

Material grade and yield
strength

Flange rating and gasket
type

Liquid composition and

initial conditions

Fire zone and PFP cover-

age

Relief basis

Piping specification in the
engineering repository
Material certificate or pip-
ing spec
Line list and flange

datasheet

Process model or line list

Fire and area classification

documents

Relief philosophy or P&ID

Technical document

reader.

Document reader or CSV

lookup.
controlled-document  re-
trieval.
NeqSim flash at blocked-in
conditions.

Document reader or fire-
zone drawing.

Check whether a relief de-

vice exists.

The study models wall heating under a configured fire exposure, tracks liquid
thermal expansion and pressure rise, and screens mechanical limits. The
analyst must verify the heat-input model, exposed area, material properties at
temperature, relief assumptions, and PFP representation against the chosen

method. A standards label in the output is not evidence of code compliance,
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and a screening cannot specify PFP performance without the required fire and
mechanical assessment. [2]

This is an especially strong example of agentic integration because the study
cannot be performed from simulation data alone. It needs piping specifications,
material certificates, flange data, and fire-zone information. It also cannot be
performed from documents alone — it needs thermodynamic calculations for
liquid expansion and phase behavior under heating. The agent that combines
both sources produces a screening that would otherwise require a specialist to

manually assemble inputs from five or six different systems.
The output includes time-to-rupture, peak pressure, von Mises stress versus

allowable stress at each time step, applicable standards, and actionable recom-
mendations. This artifact is ready for review by a piping or safety engineer

who can approve, reject, or escalate the screening.

6.11 Limits of Automation in Safety Work

Safety work contains judgements that should not be delegated to a model.
Examples include whether two protection layers are truly independent, whether
an operator action can be credited, whether a cause is credible for a specific
facility, whether a procedural control is robust, and whether residual risk
is acceptable. These judgements depend on context, experience, regulations,
company requirements, and accountability.

Agents can still help by preparing options. They can draft a bow-tie struc-
ture, list candidate barriers, identify missing evidence, and calculate process
conditions. They can check whether a report forgot to mention low-temperature
embrittlement or flare back-pressure. They can compare scenario assumptions
against source documents. But the final safety claim must belong to qualified

people in an approved process.
This boundary should be stated in safety outputs. A useful phrase is:

“This is an agent-prepared screening based on the sources listed. It is not a
HAZOP, LOPA, SIL verification, relief design approval, or management-of-
change approval.” Such wording may feel cautious, but it protects both the

study and the organization.
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6.12 Safety Memory and Learning

Safety workflows benefit from controlled memory, but only for reusable lessons,
not confidential incident detail. Good memory entries include known API
patterns, common data-quality issues, standard review checklists, and generic
pitfalls. Poor memory entries include private incident descriptions, asset names,
or unreviewed assumptions.

For example, a repository memory may record that blowdown studies should
always report both pressure-time and minimum metal-temperature screening,
or that relief calculations should state whether pressure is gauge or absolute. A
skill may record that HAZOP preparation packages should include cause-and-
effect charts, alarm lists, and operating-history summaries. These memories

make the next study better without exposing sensitive data.

6.13 Summary

Agents can make safety studies better prepared, more traceable, and faster
to screen. They retrieve evidence, structure deviations, map standards, run
calculations, and draft artifacts. Human safety processes remain in control of

approval and final decisions.
Key points from this chapter:

o Safety studies are evidence and judgement workflows, not just calculations.

o Standards mapping should be tied to specific decisions and calculation
methods.

o Controlled-document links and source manifests improve traceability for
barrier and relief studies.

o Consequence screening and CFD source-term generation connect process
simulation to specialist safety tools.

e Trapped-liquid fire rupture studies combine piping documents, material
data, and thermodynamic simulation into a screening that no single source
can provide alone.

o Safety-relevant agent outputs require explicit human review gates.

Exercises

1. HAZOP package: Build a preparation checklist for a compressor suction
scrubber HAZOP node.
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. LOPA evidence: Identify the evidence needed to credit an independent
high-pressure trip in a LOPA.

. Review gate: Define the minimum review gates for an agent-generated
relief screening.

. Source term: For a 50 mm hole in a 100 bar gas line, list the thermody-
namic properties an agent needs from NeqSim to prepare a CFD source-term
file.

. Trapped-liquid study: Identify the six categories of input documents
needed for a trapped-liquid fire rupture screening on a blocked-in pipe

segment.
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CHAPTER 7

Operational Studies and Deci-

sion Workflows

Learning Objectives

After reading this chapter, the reader will be able to:

1.

Identify routine operational studies that benefit from NeqSim MCP and
agents.

. Describe a decision workflow from question to evidence, calculation, and

recommendation.

. Explain how live or recent plant data changes the frequency and usefulness

of studies.

. Recognize when a fast screening should be escalated to a formal engineering

task.

Beyond the online book: The online book’s case-study catalogue contains
40+ completed tasks. This chapter shows how those same patterns become
repeatable operational workflows: daily hydrate screening, weekly compressor
monitoring, root cause analysis, water hammer screening, dynamic simula-
tion, and P&ID-driven what-if studies.

7.1 From Occasional Studies to Continuous Readiness

Many operational questions repeat: Can we increase production today? Is

hydrate margin acceptable? Why did compressor power increase? Is the flare

load still inside expected limits? Which operating condition drives CO2 emis-

sions? Should a heat exchanger be cleaned during the next opportunity?
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Historically, these questions often became studies only when the potential
value was high enough to justify data gathering and model setup. With an
MCP-enabled NeqSim workflow, the threshold can be lower. Agents can keep
the evidence path short: retrieve current data, run the relevant model, compare
against limits, and produce a short result that is ready for engineering review.

The goal is continuous readiness, not uncontrolled automation. The organi-
zation builds a library of workflows that are ready to run when the question

appears.

7.2 A Generic Decision Workflow

A practical operational workflow has seven steps:
1. state the decision and time horizon;

. identify required data and approved sources;

. retrieve and quality-check evidence;

. select or update the NeqSim model;

2
3
4
5. run base case and sensitivities;
6. compare results with criteria;
7

. issue recommendation, limitations, and escalation need.
This structure prevents the agent from jumping straight to a calculation. For

example, “Can we raise gas export by 5% for the next 24 hours?” is not
a pure compressor calculation. It may involve well deliverability, separator
liquid handling, compressor driver margin, dew point, export pressure, flare
constraints, and power emissions. The agent should either run the relevant

multi-area workflow or state that the evidence is insufficient.

Cooperation between the tools

A tool chain becomes useful when each tool receives a defined artifact and
returns something the next tool can inspect. For a compressor performance
review, use the following sequence. The filenames describe a proposed study
package, not built-in MCP endpoints.

Handoff Artifact passed onward Check and next branch
Asset register and docu-  Equipment identity, ap- Equipment engineer re-
ment search — document proved map, driver solves revisions and map
reader datasheet, control narra-  basis; missing map blocks

tive map-limit conclusions.
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Handoff

Artifact passed onward

Check and next branch

Historian reader — data-

quality notebook

Laboratory system —

fluid-preparation step

Production accounting —

reconciliation step

Reviewed evidence —
NeqSim MCP
NegSim  scenarios  —

equipment reviewer

Maintenance and MOC

readers — decision review

Reviewed decision — Pa-

perLab or reporting tool

Timestamped P/T/flow/

power/speed records with

native units and quality
flags

Sample record, composi-

tion, sample location/time

and analytical basis

Period-specific well tests
or plant balance, alloca-
tion version and standard-

volume basis
model_inputs.json , EOS/
mixing rule and approved

model revision

scenario_results.json ,
warnings and map/power

comparisons

Work-order timeline, ap-
proved restrictions and

pending changes

Results, source manifest,

figures, reviewer status

and next actions

Reject bad periods and se-
lect a stable window; an
upset goes to an event in-

vestigation instead.

Process/PVT

checks representativeness

reviewer

and component mapping.
Compare like periods and

boundaries; discrepancies

remain visible.

Input validation and base-
case comparison gate sce-

nario calculations.

Rank

ported alternatives; un-

technically  sup-

supported constraints re-
main open.

These

and actionability; they do

constrain timing
not change calculated effi-

ciency by themselves.

Produce an advisory re-

port and retain repro-

ducible artifacts.

An available NeqSim server does not imply that historian, laboratory, mainte-
nance, or document connectors are installed. Discover each tool and its schema
separately. Where read access is unavailable, use an authorized export and
record its date and limitations. A hypothetical export must remain labelled as

such. The detailed example in Chapter 9 uses this same contract. [4, 11]
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TOOL COOPERATION / 07

An operational question becomes a checked recommendation

A compressor-performance investigation illustrates how the tools work together.

1 Detect 2 Reconcile 3 Compare

Historian trend Lab + documents + records NegSim + vendor curve
Select event / stable interval —>] Check the operating basis ] Observed versus expected
6 Retain 5 Review 4 Explain

Report + evidence package Engineer + operations Maintenance + domain tools
Record outcome for reuse “— Agree the next action <] Test competing explanations

When evidence conflicts, return to reconciliation. Correlation in a trend alone does not identify the cause.

Figure 7.1: An operational investigation combines detection, reconciliation, simulation,

diagnosis, review and retained outcomes.

Discussion (Figure 7.1).

A trend identifies the question; it does not establish its cause. Comparing
a reconciled operating case with a physical model narrows the explanations,
while maintenance and specialist evidence test what remains. If records con-
flict, return to the evidence step instead of forcing the model to match an
unexplained observation.

7.3 Flow Assurance Screening

Flow assurance is a natural operational use case. Hydrate formation, wax
risk, liquid loading, and arrival temperature depend on changing production,
composition, pressure, temperature, and inhibitor injection. A daily or weekly
screening can combine historian data, lab composition updates, and pipeline
models.

An agentic hydrate-margin workflow may:
e retrieve recent pressure, temperature, water content, and flow tags;
o validate composition and inhibitor data;
e run NeqSim hydrate or phase-envelope calculations;
e compare predicted hydrate temperature to operating temperature;
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o flag cases where margin is below the operational criterion;

e prepare a recommendation for chemical injection or operating adjustment.
The output should include the method, EOS or hydrate model, selected time
window, and uncertainty. If the result is near the limit, the workflow should

escalate to a flow-assurance specialist rather than presenting a final answer.

7.4 Compressor and Energy Monitoring

Compression is often one of the largest energy consumers offshore and onshore.
Small deviations in suction temperature, molecular weight, recycle, fouling, or
driver efficiency can have large power and emissions impacts. Agentic workflows
can combine process simulation with historian and vendor evidence to produce

regular performance checks.
Typical indicators include:

Indicator

Data needed

Decision use

Polytropic efficiency trend

Recycle valve opening

Driver load margin

CO2 intensity

Suction/discharge  P/T,
flow, speed, composition
Valve position and flow es-

timate

Driver power tag and

datasheet

Fuel gas, power, produc-

tion

Detect

map mismatch.

degradation or

Identify lost capacity or
wasted power.
Check production-increase
feasibility.

Rank energy-efficiency ac-

tions.

NeqSim provides thermodynamic properties and compressor calculations. Tags
and vendor curves provide reality checks. Maintenance context can explain

whether a trend matches known maintenance events.

7.5 Production Optimization

Agentic workflows can also support production optimization. A modular field
model can test multiple production scenarios while respecting equipment
constraints. The agent can vary well rates, separator pressures, compressor set
points, or pipeline arrival pressures, then report bottlenecks and trade-offs.
The important engineering control is constraint transparency. The workflow

must state what limits were enforced: maximum compressor power, minimum

hydrate margin, separator liquid capacity, export pressure, emissions cap,
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flare restriction, or reservoir drawdown limit. Without transparent constraints,

optimization results are not trustworthy.

7.6 Integrity and Maintenance Planning

Access to maintenance and inspection records enables operational studies that

combine performance and integrity. For example:

e Heat exchanger cleaning priority based on duty loss, production impact,
and planned maintenance windows.

e Control-valve replacement priority based on valve position saturation, pres-
sure-drop loss, and spare availability.

o Compressor wash or inspection timing based on efficiency trend and known
maintenance history.

e Separator inspection planning based on water production, corrosion risk,
and capacity sensitivity.

These are not pure simulations. They are decision workflows where simulation

quantifies impact and enterprise data constrains action.

7.7 When to Escalate

A fast operational screening should escalate when:
e the result is close to a safety or operating limit;

e source data quality is poor or conflicting;
e the model is outside its validation envelope;
e the recommendation changes a controlled operating procedure;

« the decision affects safety, environment, production commitments, or major
cost.

Escalation is a success condition, not a failure. It means the workflow found a

question that deserves formal engineering attention.

7.8 Operating Rhythm

Operational workflows become more valuable when they have a rhythm. Not
every calculation should be run continuously, and not every workflow needs

the same review depth. A useful operating rhythm might be:
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Frequency Workflow Typical review

Daily Hydrate margin, compressor driver Operations engineer screening.
margin, flare status
Weekly Energy intensity, heat exchanger Process engineer review.
duty, recycle losses
Monthly Model-vs-plant reconciliation, Discipline review.
equipment degradation trends
Campaign Production optimization, shutdown Multi-discipline study.
opportunity screening
Event-driven Alarm clusters, trips, unusual emis- Specialist escalation.

sions, equipment failure

This rhythm helps teams avoid two extremes: never using the model until a
major study is needed, or running too many automatic calculations with no
review path. Each workflow should have a trigger, owner, expected output, and

escalation criterion.

7.9 Economics and Emissions in Operations

Operational decisions are rarely technical only. A compressor recycle loss has
a power cost and an emissions cost. A heat exchanger cleaning may recover
production but require shutdown time. A production increase may improve
revenue while increasing fuel gas and CO2 emissions. Agentic workflows can
bring these dimensions into the same decision table.

For example, a compressor optimization workflow can calculate:
o additional export gas from a pressure-setpoint change;
o additional driver power and fuel gas;
e incremental CO2 emissions;
e hydrate or dew-point margin;
e compressor operating margin;
o estimated economic value over the operating period.
This does not replace a formal economic model, but it helps operations see

trade-offs. A recommendation such as ¢

‘increase production” is weaker than
“increase production only if suction temperature remains below the defined
limit, recycle stays closed, and incremental CO2 intensity remains inside the
weekly target.” The second recommendation is operationally useful because it

links action to constraints.
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7.10 Human Interfaces

The best operational agent is not one that produces the longest report. It is
one that produces the right level of information for the decision. A control-
room advisory view may need a short status: margin, trend, confidence, and
action. A process engineer may need the full source manifest and sensitivity
table. A technical authority may need validation history and standards basis.

Good interfaces separate these layers. The same workflow can produce a
compact dashboard card, a detailed notebook, and a formal report. MCP tool
outputs and task artifacts make this possible because the underlying results
are structured. The interface can choose how much to display without changing

the calculation.
The human interface should also show uncertainty and stale data clearly. A

green status based on yesterday’s composition should not look identical to a
green status based on a current lab update. A hydrate margin of 2.0 °C with
high data confidence is not the same as 2.0 °C with missing inhibitor data.

Agents should surface these differences in the Ul and report text.

7.11 Root Cause Analysis: Combining Data, Docu-
ments, and Simulation

When equipment trips, vibrates, loses efficiency, or behaves unexpectedly, the
traditional response is a manual investigation. An engineer gathers historian
trends, reads the datasheet, reviews maintenance history, runs a simplified
calculation, and proposes a hypothesis. The process is thorough but slow, and
the quality depends heavily on how many data sources the engineer thinks
to check.

NeqSim’s RootCauseAnalyzer in the negsim.process.diagnostics package
implements a Bayesian-inspired methodology that an agent can orchestrate as
a single coherent workflow. The three stages are:

1. Prior (reliability evidence). Candidate hypotheses start from configured
prior weights and may be adjusted using the reliability data available to
the implementation. Record the actual source, equipment population, and
matching rule. OREDA is a possible external source of reliability and
maintenance evidence, but an identifier or class comment does not establish
access to licensed OREDA data. [2, 27]

2. Likelihood (historian and document evidence). The analyzer takes

historian time-series data, controlled design conditions, and operating limits,
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and updates each hypothesis score based on how well the evidence matches.
The report should expose which observed changes support or contradict each
hypothesis. Anti-surge valve position alone does not measure surge margin;
the engineer needs the compressor map, corrected operating point, control
state, and time alignment. Stable bearing temperature does not exclude a
mechanical fault.

3. Verification (process simulation). The analyzer can optionally run the
NeqSim process model to test whether a hypothesized failure reproduces
the observed symptoms. If fouling is a hypothesis, the model can be run
with reduced efficiency to check whether the predicted discharge conditions
match the observed discharge pressure and temperature.

The result is a RootCauseReport with ranked hypotheses, scores, evidence, and

recommendations. Its normalized scores rank the configured candidates; they

are not calibrated probabilities that a fault is present. Preserve verification

status and coverage: UNSUPPORTED , UNKNOWN , and FAILED do not mean that a

hypothesis has been physically confirmed. A process model can test supported

performance perturbations, but does not thereby reproduce rotor vibration or

prove a mechanical diagnosis. [2]

Why this matters for agentic engineering

The RootCauseAnalyzer is a concrete example of a class that cannot work in
isolation. It needs data from a historian (field measurements), context from
controlled engineering documents (design limits, datasheet conditions, main-
tenance history), and computational capability from NeqSim (flash, process
model, equipment performance). No single tool or data source is sufficient. The
agent orchestrates all three, and the RootCauseAnalyzer provides the structured
methodology that exposes the evidence and limitations for review.

An MCP tool ( runRootCauseAnalysis ) exposes this to any MCP client. The
agent sends a JSON object containing the process description, equipment
name, symptom type, and optionally historian CSV data, design limits, and
equipment-document context. The runner builds the ProcessSystem, creates
the RootCauseAnalyzer , runs the analysis, and returns the structured report.
The agent does not need to know the internal scoring algorithm. It needs to
know how to gather evidence from its available data sources and present it in

the expected format.
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Example: compressor high vibration

An agent receiving a report of high vibration on a compressor might execute

the following workflow:
1. Retrieve the compressor performance curve and design limits from the

controlled engineering repository.

2. Read historian tags for suction and discharge pressure, temperature, flow,
speed, vibration, and anti-surge valve position.

3. Read maintenance history from the maintenance system for recent work
orders on the compressor.

4. Build the process model from the existing modular field model.

5. Call runRootCauseAnalysis with the process JSON, equipment name,
HIGH VIBRATION symptom, historian data, and design limits.

6. Receive a ranked hypothesis report with supporting and contradicting
evidence, verification coverage, and explicit data gaps.

7. Present the report to the operations or rotating-equipment engineer with
evidence citations and recommended actions.

The value is a reviewable evidence package that reduces repeated collection

work. Any claim about time saved needs measurements from the deployed

workflow; no timing benchmark is established by this example.

7.12 Operational Scenarios: What-If Studies from
P&1IDs

Operational what-if studies are among the most frequent requests in facility
engineering. What happens if we close this valve? What if suction pressure
drops 5 bar? What if the feed composition changes? What if we apply the
current field data and then change one parameter?

NeqSim’s OperationalScenarioRunner provides a structured way to define
and execute these studies. An OperationalScenario is an ordered list of

OperationalAction objects, each specifying an action type and target:

Action type What it does
SET_VARIABLE Sets a simulation variable through the automation API.
SET_VALVE_OPENING Changes a valve position (0-100%).

APPLY_FIELD INPUTS Applies previously supplied field data through the process’s

tagged measurement bindings.
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Action type What it does

RUN_STEADY STATE Invokes the steady-state process run; acceptance still requires

checking convergence, balances, and errors.

RUN_TRANSIENT Advances through the requested duration using the configured

time step and a bounded final step.

An OperationalTagMap can prepare field data separately, but the
APPLY FIELD INPUTS action itself calls the process’s existing bindings.
A P&ID-derived scenario might look like this:

OperationalScenario scenario = OperationalScenario.builder("Close
bypass valve")
.addAction(OperationalAction.applyFieldInputs())
.addAction(OperationalAction.setValveOpening("XV-2001", 0.0))
.addAction(OperationalAction.runSteadyState())
Lbuild();

The OperationalScenarioRunner executes actions on the ProcessSystem passed
to it. The caller must provide a separate copy or restore an approved model
state before each independent scenario. Its action result captures supported
before-and-after values; a complete comparison of all bound tags requires
an explicit benchmark or evidence-package step. Inspect action errors before

accepting a scenario as executed. [2]
This is how agentic engineering connects to real plant operations. The

agent reads a P&ID to identify the relevant valves and instruments. It reads
the historian to get current boundary conditions. It constructs scenarios that
represent proposed operating changes. It runs the simulation and returns
quantified consequences. The P&ID, the historian, and the simulation are all
required. Removing any one of them makes the study either disconnected from

reality or unable to predict consequences.

7.13 Controller Tuning from Historian Data

Control loops are rarely tuned once and forgotten. Operating condi-
tions change, equipment degrades, and control objectives shift. The
ControllerTuningStudy class in neqsim.process.operations evaluates controller

performance using time-domain metrics computed from a step response:
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Metric What it measures
Mean Absolute Error (MAE) Average deviation from setpoint over the response
window.
Integral Absolute Error (IAE) Total accumulated deviation over time.
Integral Squared Error (ISE) Emphasizes large deviations more than small ones.
Overshoot percentage Maximum overshoot as a fraction of the step size.
Settling time Time to reach and stay within a tolerance band.
Output saturation Whether the controller output hits its limits.
End-window stability screen Whether final error and variation in the final sample

window satisfy the selected tolerance; not a proof of
control-system stability.

The study takes pre-recorded time-series arrays — controller name, setpoint,
time stamps, process values, and controller output — evaluates the step
response, and returns a structured ControllerTuningResult with all metrics,
a screening assessment, and a recommendation about tuning, disturbance
rejection, or actuator limits. These diagnostics do not synthesize a validated
controller tuning. An agent can retrieve historian step-response data from
an approved historian reader, pass it to the study for evaluation, and flag

controllers that show degraded performance.
This is a practical example of a study that was previously too labor-intensive

for routine execution. A process engineer might tune a few critical loops per
year. An agentic workflow can screen all loops in a process area weekly, flagging
only those that need human attention. The historian provides the evidence;
the step-response analysis supplies measured performance metrics. Predicting

the effect of new tuning requires a separately validated dynamic model.

7.14 Water Hammer and Transient Screening

Rapid valve closures, pump trips, and check-valve events can generate pressure
surges that threaten pipe integrity. Water hammer screening traditionally
requires route geometry, fluid properties, wall thickness, valve closure profiles,
and surge-propagation calculations. These inputs come from different systems:
piping design from controlled piping line lists, fluid properties from the process
model, valve closure times from control narratives or instrument datasheets,

and operating conditions from the historian.
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NegSim’s WaterHammerStudy class orchestrates this multi-source workflow. It
accepts a JSON specification with:
o route geometry (pipe segments with length, diameter, elevation, wall thick-
ness);
o fluid specification or a reference to the process model;
« supported valve-event schedule (closure or opening profile);
e optional historian-data overrides for actual operating conditions;
« acceptance criteria (design pressure, MAOP).
The inspected WaterHammerStudy runner handles valve events; a pump-trip sce-
nario needs separately verified pump and network dynamics. The study builds
a WaterHammerPipe model from the specification, applies field-data overrides
where available, runs the transient calculation, and returns a pressure envelope
with peak surge, Joukowsky estimates, and pass/fail against design pressure.
The agentic value is integration. An agent can:
1. Extract route geometry from a piping line list retrieved from the controlled

engineering repository.

Get current fluid properties from the process model.

Read valve closure time from the control narrative document.
Read current operating pressure and flow from historian tags.
Run the water hammer screening with all inputs combined.

(> o

. Compare peak surge against design pressure from the pipe specification.

Without the agent, this study requires a specialist to manually collect inputs
from five or six systems. With the agent, the inputs are gathered and validated
programmatically, and the engineer reviews the result rather than the data

collection.

7.15 Dynamic Simulation as Operational Infrastruc-
ture

Sections 7.13 and 7.14 showed controller tuning and water hammer as specific
dynamic-simulation use cases. But dynamic simulation is a broader operational
capability that deserves explicit framing. Steady-state models answer “what
does the process look like at equilibrium?” Dynamic models answer “what
happens between now and equilibrium?”

Operational decisions that need dynamic simulation include:
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Decision Why dynamic is needed

Emergency depressurization timing Pressure, temperature, and metal temperature

evolve over minutes to hours.

Startup sequence validation Equipment sees off-design conditions during
startup; sequence timing matters.
Shutdown cascading effects Tripping one unit may propagate pressure and
level changes to connected units.
Surge protection Compressor surge happens in seconds; the con-
trol response must be faster.
Slug management Liquid slugs produce transient level and pres-
sure changes in separators.
Process upset recovery After a trip, how long before levels stabilize and

production resumes?

Safety system response time Safety instrumented functions must act within

specified time limits.

In NeqSim, the transition from steady-state to dynamic is handled by the
same ProcessSystem . The agent calls process.run() for steady-state and
process.runTransient(dt) for dynamic steps. The DynamicProcessHelper class
can add typical transmitters and controllers and set a default time step and
supported equipment to dynamic mode. Holdup, equipment-specific dynamic
physics, initial conditions, and time-step adequacy remain explicit modelling
work. Calling a transient method does not ensure that every connected unit
represents the required transient phenomenon. [2]
The agentic workflow for a dynamic study typically follows this pattern:

1. Initialize from steady-state. Run the process model to convergence at

normal operating conditions. This sets the initial holdup, pressure, and
temperature profiles.

2. Define the event. Specify what changes: a valve closes, a trip signal fires,
a feed rate drops, or a setpoint changes.

3. Run the transient. Step through time, recording key variables at each
step.

4. Evaluate the response. Check whether pressures, temperatures, levels,
and controller outputs stay within acceptable limits. Check whether the

system returns to a stable state.
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5. Report. Present the time-domain response with key metrics: peak pressure,
minimum temperature, settling time, and pass/fail against acceptance cri-
teria.

The inspected runDynamic runner accepts a process specification, duration,

time step, and optional controller tuning. It instruments the process and

records the generated transmitter time series. It does not parse an arbitrary
event schedule or user-selected recording list. Startup events, custom states,
and specialized equipment physics therefore require another supported study
tool or a reviewed custom transient workflow. Check the deployed schema and

actual result duration before treating a requested study as executed. [2, 11]
Dynamic simulation is particularly valuable when combined with real-time

or recent historian data. An agent can read the current operating conditions

from historian tags, initialize the dynamic model at those conditions, and then
simulate a proposed event. The result estimates the response for the recorded
state and model assumptions. Data latency, unmeasured holdup, control status,
and dynamic-model coverage limit how closely that estimate represents the

present plant.

7.16 Production Data, Project Documents, and Modi-
fication Context in Operations

Operational workflows draw on more than simulation and instrumentation.
Three additional data categories from the operational data ecosystem (Chapter

1) deserve explicit treatment in the operational context.

7.16.1 Production Data as Operational Intelligence

Production databases contain well test results, daily production reports, and
allocation data. These are not raw sensor readings — they are processed,
reconciled to a reporting or allocation basis. A production record is not auto-
matically an approved fiscal measurement; its status and intended use must be
established. For operational process simulation, production data serves three

purposes:
1. Reservoir boundary conditions. The latest well test provides the actual

GOR, water cut, wellhead pressure, and flow rate for each well. A facility
simulation that uses design-case well data may be significantly wrong if the

reservoir has matured.
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2. Throughput validation. Daily production reports provide measured total
rates that the simulation should reproduce. A difference may arise from
model error, measurement error, reporting period, inventory change, allo-
cation logic, or differing standard conditions. Resolve these bases before
interpreting the deviation.

3. Trend context. Declining well rates, increasing water cut, or changing
GOR. over months provide the context for operational decisions. A recom-
mendation to increase production rate must consider whether the wells can
actually deliver the higher rate.

The agent pattern is to read the latest well test data, set the simulation

boundary conditions accordingly, and flag any discrepancy between modeled

and reported production. Use a task-specific currency criterion for well tests
and an agreed reconciliation tolerance. Exceeding either is a data-quality

branch, not a reason to silently recalibrate the model.

7.16.2 Project Documentation for Operational Studies

Project documentation provides the design intent: what the facility was
designed for, what margins were assumed, and what acceptance criteria were

set. In operational studies, project documentation answers questions like:
o What was the original design flow rate for this separator?

o What composition range was the compressor designed for?
o What hydrate margin was required at the design stage?

o Was a higher throughput scenario evaluated and rejected? If so, why?
An agent that retrieves the design basis memorandum or FEED report before

running a capacity screening can compare “current operation vs. design intent”
rather than just “current operation vs. model prediction.” This comparison is
far more useful for decision-making because it shows whether the facility is

operating inside or outside its design envelope.

7.16.3 Modification Management as Operational Context

Modification records from maintenance, management-of-change (MOC), or

project planning systems provide essential context for operational recommen-

dations. Before recommending a process change, the agent should check:

e Is there a pending modification that affects this equipment?

o Has the recommended change been evaluated before? What was the out-
come?

e Is the current configuration temporary due to an in-progress modification?
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This prevents the agent from producing recommendations that conflict with
approved changes or repeat work that has already been done. It also allows the
agent to recognize when a simulation should use the as-will-be configuration

(after a pending modification) rather than the as-is configuration.

7.17 The Evidence Package as Integration Pattern

The individual studies described above — root cause analysis, operational
scenarios, controller tuning, water hammer — share a common integration
pattern. Each one combines technical documentation, field measurement
data, and NeqSim simulation into a structured, auditable output. The
OperationalEvidencePackage class formalizes this pattern.

An evidence package is built from:
e a process system (the simulation model);
e a tag map (the binding between plant tags and simulation variables);
o field data (historian values for the current operating window);
o scenarios (what-if operating changes);
o a benchmark tolerance (the acceptable model-versus-plant deviation).
Start from a constructed, converged base process. The package applies sup-
ported field-data bindings and reruns when those inputs are supplied, compares
tags marked as benchmarks, evaluates configured scenarios on copies, and
returns capacity information and quality gates. It does not retrieve external
sources or automatically include the full document, laboratory, maintenance,
and review record. The agent joins those artifacts through the source manifest.
Inspect benchmark count, missing fields, errors, and model coverage before
reporting a successful comparison. [2]

This is the key architectural insight of agentic engineering in NeqSim. The
value does not come from faster flash calculations or better EOS models,
though those matter. The value comes from the structured orchestration of
multiple data sources into a single, reviewable evidence chain. The agent is the
coordinator. The tag map is the bridge. The evidence package is the deliverable.

The pattern is extensible. A safety study can add barrier evidence to
the same package. An economics study can add cost and emissions data. A
maintenance study can add maintenance work-order context. Each extension

adds a new evidence dimension without changing the orchestration pattern.
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Applying the chain across the industry

The chain is portable because the roles and handoff checks remain stable
while the boundary conditions change. At an onshore gas-processing plant, a
gas quality question joins laboratory composition, inlet metering, dehydration
history, and the sales specification. At an LNG facility, a feed-change screen also
needs the pretreatment and liquefaction interface limits; a whole-train capacity
claim requires validated coverage of those units. For a transmission pipeline,
route/GIS records, compressor-station data, nomination periods, and delivery
constraints define the study. At a refinery or terminal interface, product assays,
tank inventory, utility balances, and transfer schedules replace well tests and

reservoir forecasts where appropriate.
In each case the agent sends reviewed inputs to the model, receives calculated

outputs with limitations, and sends those outputs to a discipline reviewer and
a reporting tool. A simulator or specialist application outside NeqSim may
supply a required unit model or dynamic study through a checked export.
The exchange must carry units, stream basis, model revision, and convergence

status; matching software labels are not sufficient validation.

7.18 Summary

Operational workflows turn NeqSim MCP and agents into a repeatable decision
support system. They can make routine studies faster and more frequent while
keeping human review and escalation at the center. The new infrastructure in
neqsim.process.operations and negsim.process.diagnostics provides concrete
classes that combine technical documents, field data, and simulation into
structured evidence packages, root-cause reports, scenario comparisons, and
transient screenings.
Key points from this chapter:
o Agentic workflows lower the effort required to run evidence-backed opera-
tional studies.
e Flow assurance, compression, energy, production optimization, and mainte-
nance planning are strong use cases.
» Root cause analysis combines declared reliability evidence, historian obser-
vations, and supported process perturbations into ranked hypotheses.
o Operational scenarios execute P&ID-derived what-if studies with before/

after comparison.
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Controller tuning studies screen loop performance from historian step
responses and simulated transients.

Water hammer screening orchestrates route geometry, fluid properties, valve
events, and field data.

Dynamic simulation complements steady-state for time-dependent deci-
sions: depressurization, startup, surge, and upset recovery.

Production databases provide reservoir boundary conditions, throughput
validation, and trend context for operational models.

Project documentation anchors operational recommendations to design
intent and acceptance criteria.

Modification management prevents recommendations that conflict with
approved or pending changes.

The evidence package is the integration pattern: tag map, field data,
scenarios, and simulation in one auditable artifact.

Optimization must expose constraints and validation limits.

Screenings should escalate when limits, data quality, or controlled proce-

dures are involved.

Exercises

1.

Hydrate workflow: Design a daily hydrate-margin screening workflow
with required tags, model calls, and escalation rules.

Compressor energy: Define three compressor performance indicators and
the data needed to calculate them.

Optimization constraints: List the constraints that should be enforced
in a short-term production-increase study.

. Root cause analysis: A separator shows increasing liquid carryover to the

gas outlet. List the data sources an agent should gather, the symptom type,
and three candidate hypotheses with the evidence that would support or
refute each.

Operational scenario: Define a three-action operational scenario for
testing the effect of closing a bypass valve around a heat exchanger, starting
from current field conditions.

Evidence package: Describe the structure of an evidence package for
a weekly compressor performance review, listing tag bindings, tolerance

criteria, and escalation conditions.
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CHAPTER 8

Governance, Quality, and Adop-

tion Roadmap

Learning Objectives

After reading this chapter, the reader will be able to:

1. Define quality requirements for MCP-backed engineering workflows.

2. Explain validation, provenance, audit trails, access control, and model risk.

3. Select appropriate deployment controls for desktop, study-team, advisory,
and enterprise use.

4. Plan a staged adoption roadmap from bounded pilots to maintained indus-
trial capability.

Beyond the online book: The online book explains MCP wvalidation
profiles and future directions. This chapter combines the organizational side:
quality gates, acceptance testing, data access, change management, training,

deployment architecture, and adoption metrics.

8.1 Governance Is Part of the Product

An MCP server that exposes process-simulation tools is not only software. It
becomes part of the engineering work system. If it is easy to run a calculation,
it is also easy to run the wrong calculation quickly. Governance is therefore

not a layer added after the tool works. It is part of making the tool useful.
Quality requirements should be visible in every workflow:
e validated input schema;

e explicit units and basis;

e model and version metadata;
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e benchmark or validation basis;
e source provenance;

e warnings and limitations;

e human review status;

e durable artifacts.
The MCP contract helps because tool input and output are structured objects.

A result can carry convergence status, warnings, and provenance rather than

being reduced to a single attractive number.

8.2 Validation and Benchmark Trust

Validation has several layers.

Validation layer Example question
Input Are pressure, temperature, composition, and units valid?
Numerical Did the flash or process simulation converge?
Engineering Is the chosen model appropriate for the question?
Benchmark Has the tool been compared with known cases or independent data?
Review Has a qualified person accepted the output for this use?

An agent should report all relevant layers. A converged calculation can still be
inappropriate outside its domain. A benchmarked tool can still be misused if

the input data is stale or wrong.

8.3 Audit Trails and Artifacts

Industrial workflows need durable artifacts. The minimum useful package for
a standard study is:

o task specification;

e source manifest;

e input data file or model state;

e mnotebook, script, or MCP transcript;

e structured result object such as results.json ;

o figures and tables;

e final report;

e review notes and open assumptions.

The report is the readable summary of a traceable calculation package. It

should not be the only evidence that the work happened.
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8.4 Data Access and Cybersecurity

Connecting agents to engineering document repositories, historians, laboratory
and production databases, maintenance systems, and project records creates a
shared evidence path. Access should follow least privilege. A document retrieval
agent should only see documents relevant to the task and user authorization.
A historian integration for an advisory study should read approved tags. Plant
control writes belong to a separately governed system. Enterprise adapters
should expose selected context, not broad records.

Important controls include:
¢ identity and access management tied to user or service account;

e read-only access for operational advisory workflows;

e approved storage and egress paths;

e logging of queries and retrieved documents;

e redaction rules for public or reusable outputs;

e separation between development, study, and production environments.
The agent is a new interface, not a new permission model.

Separate three permissions: reading a source record, creating a study arti-
fact, and changing an operational system. Success in one does not authorize the
next. A connector inventory should record the source owner, identity, permitted
queries, freshness, output location, and available read/write operations. A
product name in a workflow diagram is a proposed integration point until a

connector or approved export is actually available.
Treat retrieved text as evidence. An instruction embedded in a maintenance

comment or document must not alter the agent’s tool permissions or redirect
confidential outputs. The agent should extract the engineering record and

preserve its provenance within the existing task boundary.

8.5 Deployment and Adoption Controls

Different deployment contexts need different controls.

Context Typical controls

Desktop engineer Local Docker, visible tool calls, public examples, no confiden-
tial data in public prompts.

Study team Shared image version, task folders, source manifests, peer

review.
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Context Typical controls
Operational advisory Read-only historian access, fixed workflows, monitoring, roll-
back.
Enterprise service Central authentication, approved tools, audit logs, change
management.

The same tool can be appropriate in one context and inappropriate in another.
Experimental multi-step task solving may be suitable for desktop learning.
Enterprise advisory should use validated tools, restricted profiles, and known

review routes.

8.6 Model Risk and Quality Culture

Model risk is the risk that a model gives a wrong or misleading result. Agentic
workflows can reduce model risk by improving evidence capture, but they can
increase it by producing polished reports quickly. Governance should therefore
ask:
e Is the model domain clear?
e Are assumptions listed?
e Are units and basis consistent?
e Are uncertainties or sensitivities included where needed?
e Are limitations visible in the recommendation?
e Can the result be reproduced from stored artifacts?
The strongest control is quality culture. Engineers should ask for provenance,
limitations, benchmark basis, and source quality. They should reject unsup-
ported confidence. A tool result with a warning is usually more valuable than
fluent prose without evidence.

A useful default prompt is:

Use NeqSim tools where possible. Report model, units, input
validation,

convergence status, warnings, benchmark basis, source provenance,
and whether

this is a screening or design-level result.
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8.7 Acceptance Testing for MCP Tools

Before an MCP tool is used in a governed workflow, it should have acceptance

tests that engineers can understand.

Test type Example

Schema test Missing pressure or invalid unit is rejected clearly.

Known-result test Methane flash or gas-quality calculation matches a reference case.

Edge-case test Near-critical or two-phase conditions return warnings.
Provenance test Output includes model, version, units, convergence, and limita-
tions.
Profile test Restricted deployment profiles cannot call experimental tools.
Regression test Results remain stable unless a change is documented.

Acceptance tests turn the tool catalogue into something reviewable. When a
tool says it calculates a dew point, the team should know which benchmark

cases support that claim.

8.8 Change Management for Skills and Agents

Skills and agents influence engineering outcomes, so they need change manage-
ment. A skill update that changes a hydrate-margin workflow, relief screening
checklist, or standards mapping is not just text editing. It changes how future
work is performed.

A practical change process is:

propose the skill or agent change in version control;

state the reason and affected workflows;

include examples or tests where possible;

review by a domain owner and tool owner;

release with a version note;

A o i

monitor early use and capture lessons.
Domain knowledge used by agents should be visible and reviewable. Hidden

prompt edits should not become the basis for shared engineering decisions.
The same discipline applies when a task reveals a missing NeqSim calcu-
lation and the team develops new code as part of solving it. The task supplies
the reproducer, physical requirement, and acceptance criteria. A proposed
implementation needs source review, meaningful regression tests, appropriate

independent validation, and documented limitations before it becomes a
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trusted method. The study must record the actual code revision used. A
model result cannot validate the new algorithm merely because the algorithm
produced that result.

Retain approved code, tests, benchmark data, skills, and handoff improve-
ments in version control so the next task can reuse them. This is organizational
and software learning through completed work, not automatic retraining of the
language model. Shared release and operational deployment remain separate

change decisions. Section 3.10 describes the full improvement loop.

8.9 Redaction and Reuse

Completed studies can teach the organization, but they may also contain pri-
vate data. Teams should separate reusable method from confidential evidence.

Reusable knowledge includes generic workflows, public examples, code
patterns, validation methods, and anonymized lessons. Confidential evidence
includes asset names, equipment tags, internal document titles, proprietary
operating data, commercial assumptions, and incident details.

When a study produces a useful skill improvement, extract the pattern
and remove the private context. This allows learning without leaking sensitive
details.

8.10 Adoption Roadmap

The adoption roadmap should move from bounded pilots to maintained capa-
bility.

Stage

Aim

Output

Desktop enablement

Study-team pilots

Governed data integration

Install Docker MCP, run

public examples, learn

provenance habits.

Select repeatable low-risk

workflows.

Add approved document
retrieval, historian snap-
shots, laboratory results,
and selected enterprise

context.

Working local setup and
first verified tool calls.
Task folders, validation
evidence, review feedback.
Source manifests and re-

viewed tag maps.
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Stage Aim Output

Reusable modular models Build process-area mod-  Versioned model states

els with stable automation and scenario libraries.

addresses.

Operational advisory Deploy read-only recur- Logs, dashboards, escala-

ring workflows. tion criteria, and rollback.

Standardize tools, skills, Managed capability across

validation, access, and re-

Enterprise scaling
assets and disciplines.

view workflows.

Each stage should produce reusable artifacts, not only demonstrations.
Progress is measured by how much future work becomes easier, safer, and more

traceable.

8.11 Capability Stack

Adoption should build a stack, not a collection of demos.

Capability Early maturity Higher maturity

MCP tools Local Docker tools Versioned enterprise service.
Agents Individual specialist agents Routed multi-agent workflows.
Skills Markdown procedures Reviewed skill library with ownership.

Data access

Manual files and snapshots

Governed document, historian, labo-

ratory, maintenance, and standards
adapters.

Models Study notebooks Modular field models and lifecycle
states.

Quality Manual review Automated validation plus discipline ap-
proval.

Reporting Draft summaries PaperLab reports with traceable arti-

facts.

Better document retrieval improves many workflows. Better tag mapping
improves hydrate, compression, energy, and safety studies. Better standards

mapping improves safety, mechanical design, and field development.
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8.12 Training and Community of Practice

The technology roadmap needs a people roadmap. Engineers need training
in MCP tool use, prompt patterns, source provenance, model validation, and
review responsibility. New users should start with public examples, inspect
tool calls, and learn how to distinguish a tool-backed answer from unsupported
language-model prose.

A community of practice can collect good prompts, review skill updates,
share task templates, compare validation cases, and discuss failures. The most
useful sessions are not demonstrations where everything works. They are
reviews where a team asks what evidence was missing and how the skill or tool

should improve.

8.13 Reference Architecture

A mature enterprise architecture may contain these components.

Component Role
MCP gateway Hosts approved NeqSim and supporting engineering tools.
Identity layer Connects tool access to user authorization and role.
Data connectors Provide governed access to documents, historians, laboratory/

production databases, maintenance, projects, and standards.

Model registry Stores approved process models, versions, and validation status.
Skill library Stores reviewed agent skills and procedures.
Artifact store Stores task folders, reports, source manifests, and logs.
Review workflow Routes outputs to discipline reviewers and captures decisions.
Monitoring Tracks tool usage, errors, validation warnings, and adoption met-

rics.

The architecture supports two routes. In a connected route, approved APIs or
MCP adapters retrieve records and preserve query metadata. In a file route,
authorized exports enter the same validation and modelling steps. Both should
produce equivalent evidence fields; the file route records export age and any
loss of native quality metadata. Neither route should silently claim live data.
The model registry accepts a reviewed input package and returns the
model revision and validation envelope. NeqSim produces calculations and
warnings. An independent checking step compares them with benchmark or
plant evidence. The reporting tool receives those results together with a review
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status. An operations dashboard displays only the reviewed advisory state, and
a changed source revision or expired operating window sends the case back to
validation. This is the route by which cooperating tools become a maintained
capability.

The desktop workflow remains a useful entry point. A wider deployment
adds ownership, retention, access, and change controls around the same
artifacts. NIST’s voluntary Al Risk Management Framework offers a general
structure for assigning governance and assessing and managing Al-related risks;
process engineering requirements and discipline approval remain additional
obligations. [28]

TOOL COOPERATION / 08

Separate advisory work from plant execution

Useful integration depends on clear access boundaries and accountable decisions.

DATA AND ADVISORY WORKSPACE REVIEW AND AUTHORIZED EXECUTION
Source adapters Agent + tools Human engineering review
Approved records Evidence checks Assess evidence and uncertainty; request additional work or approve
Read permissions Simulation a defined action.
Audit trail Alternatives
Retained study package Existing operational process
Inputs, source revisions, model state, results and limitations Operations, maintenance and management of change implement the

approved action.

MCP exposes tool interfaces. It does not itself grant access, connect every vendor system, or authorize plant changes.

Figure 8.1: The advisory workspace produces a retained study package for human review

and the organization’s authorized execution process.

Discussion (Figure 8.1).

The boundary is an operational responsibility, not a property guaranteed
by MCP. Give data tools the permissions required for their task and make the
review decision visible. An approved recommendation then enters the existing
maintenance, operations or change-management process with its supporting

evidence.
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8.14 Measuring Value

Agentic engineering should be measured by engineering value, not novelty.
Useful metrics include:

e time from question to reviewed screening result;

e number of scenarios evaluated per study;

e reduction in manual data gathering;

e number of reusable skills or workflows created;

o validation pass rate and warning trends;

e number of studies escalated appropriately;

e avoided rework from stale or missing data;

e production, energy, emissions, or maintenance value identified.
Some value is qualitative: better traceability, clearer assumptions, and more

consistent reports. These matter because engineering organizations often lose

time when assumptions are unclear and evidence is scattered.

Testing the handoffs, not just the calculator

A known-result test can establish that a calculation still behaves as expected.
An integration test must also establish that the right record reached it. Build
representative cases with an outdated drawing, a mismatched equipment iden-
tifier, a bad-quality historian interval, an ambiguous pressure basis, a changed
laboratory sample, and an unavailable connector. The expected outcome may

be a blocked conclusion with a precise data request, not a numerical answer.
For accepted cases, retain the input/output artifact hashes, source revisions,

tool and model versions, checks performed, and reviewer decision. A review
covers that particular scenario and evidence set. Replacing a source or changing
a model input invalidates dependent results until they are rerun and reviewed.
Measure avoided rework and time to a reviewed decision across the whole chain;
counting tool calls or generated reports alone does not measure engineering

value.

8.15 Summary

Governance and adoption are one subject. The same controls that make agentic
workflows safe also make them scalable: validation, provenance, artifacts, access
control, change management, training, and review gates. MCP provides the
structured interface. NeqSim provides the physics. Agents and skills provide
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workflow intelligence. Industrial value appears when these pieces are adopted

as a maintained engineering capability rather than a set of isolated demon-

strations.

Key points from this chapter:

Quality requirements should be built into MCP tools and agent workflows.
Validation includes input, numerical, engineering, benchmark, and human
review layers.

Data integrations must follow existing access-control and cybersecurity
rules.

Skills and agents should be versioned, reviewed, and owned like engineering
methods.

Adoption should proceed through bounded pilots, governed data integra-

tion, modular models, advisory workflows, and enterprise scaling.

Exercises

1. Quality checklist: Build a minimum quality checklist for an MCP flash
calculation used in a report.

2. Pilot design: Choose one pilot workflow and define value, data sources,
validation, and review gates.

3. Capability maturity: Rate a current team against the maturity stack and

identify the next improvement.
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AND PRACTICAL PLAYBOOKS




CHAPTER 9

Worked Pattern: From Field

Model to Recommendation

Learning Objectives

After reading this chapter, the reader will be able to:

1.

Follow a complete agentic workflow from field-level question to equipment
and safety follow-up.

. See how NeqSim MCP, modular models, controlled-document retrieval,

historian data, and Maintenance context fit together.

. Distinguish evidence, simulation, interpretation, and recommendation in a

worked pattern.

. Reuse the pattern for similar studies without copying asset-specific details.

Beyond the online book: The online book provides fifteen standalone
worked erxamples and forty case study summaries. This chapter combines
those elements into a single end-to-end industrial pattern: from field-level
question through modular model, equipment detail threads, flow assurance,
safety screening, root cause analysis, dynamic simulation, and an integrated

recommendation — showing how the pieces fit together in a real study.

9.1 Scenario and Question

This chapter uses a fictional but realistic field-development and operations

pattern. The example avoids private asset names, equipment tags, and propri-

etary data. The goal is to show the workflow shape, not to document a real

facility.
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The reference facility processes gas condensate from an offshore production
system. This is one teaching case in a broader oil and gas workflow; Section
9.16 adapts the same tool chain to onshore gas processing and pipeline or
terminal operations. A satellite reservoir is being considered for tieback to the
existing host. The study team wants to know whether the host can process
an additional production case during the first two years of tieback operation

without major modification. The early question is deliberately broad:

Screen whether the existing host can process an additional gas-
condensate

tieback case. Use a modular NeqSim field model, approved document
evidence,

recent operating data where relevant, and agentic equipment and
safety follow-up.

Return bottlenecks, study limits, and recommended next engineering
work.

This is not a design approval. It is a structured screening study. The expected
output is a ranked list of constraints and a recommendation about which
detailed studies should be performed next.

Case status. No plant databases were queried and no NeqSim study was
executed for this chapter’s numerical examples. All stated case values are
fictitious teaching inputs or assumed outputs. The case registry below keeps
the scenarios separate; a real study would add source revisions, uncertainty

ranges, model states, and run identifiers.

Scenario ID

Teaching role

Relationship

HOST_BASE

TIEBACK STEADY

COLD_RESTART

WEEKLY_REVIEW

VIBRATION_ EVENT

Existing host at a defined

steady operating window

Added wellstream in steady op-

eration

Time-dependent restart and in-

hibitor questions

Later operating snapshot and

performance arithmetic

Post-tieback diagnostic investi-

gation

Reference for the throughput

screen.

Compared only with
HOST BASE in Section 9.5.

Requires its own initial inven-
tory, thermal state, and event
sequence.

Separate from the host design

screen; Section 9.13.

Uses an event window and
mechanical evidence, not the

steady-state screen alone.
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9.2 Task Classification

The first agent action is classification. The task is not a single flash calcula-
tion. It spans process simulation, flow assurance, equipment capacity, safety
screening, and operational data. A router or study lead can divide the work

into packages:

Package Agent focus Main outputs
Scope and evidence Capability scout and docu-  Task specification and source
ment reader manifest.
Field model Process simulation agent Modular ProcessModel with

base and tieback scenarios.

Pipeline and arrival Flow assurance agent Pressure drop, temperature,

hydrate margin.

Host equipment Mechanical/equipment agent Separator, compressor, heat

exchanger, valve constraints.

Safety Safety and depressuring agent Relief/blowdown /barrier
screening needs.
Reporting PaperLab/reporting agent Results, assumptions, risks,

and next steps.

The study lead approves this split before data retrieval begins. This approval

is useful because it prevents an agent from pursuing irrelevant detail too soon.

9.3 Evidence Plan and Tool Handoffs

The agent first discovers what is actually available: a controlled-document
reader, historian or analytics interface, laboratory and production-data access,
maintenance/MOC reader, NeqSim MCP, and reporting tools. Each is a
separate capability. A server that can run a flash calculation does not thereby
provide a connection to the company’s data estate. Authorized exports can
fill an unavailable connector role, with export time and restrictions recorded.
[4, 11]

The following teaching sequence shows how the tools cooperate. Each row
creates an artifact consumed by a later row. The artifact names are proposed
study files, not claimed native API fields.
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Source — retrieval tool

Retrieved record and vali-

dation

Handoff and next owner

Equipment register and
engineering repository —

document search/reader

Vendor document reposi-

tory — table/curve reader

Historian — time-series
reader and quality note-
book

Laboratory system —

sample/result reader

Production accounting —

well-test/allocation reader

Maintenance, inspection
and MOC systems — con-

text reader

Standards library and ap-
proved design basis — re-

quirements reader

Approved PFD/P&ID re-
vision, equipment IDs and
topology; process engineer
checks configuration and
boundaries

Compressor map, driver
rating and separator inter-
nals; equipment specialist
checks revision, units and

map basis

Timestamped operating
window, quality flags and
aggregation; data owner
checks instrument status
and time alignment
Composition, sample
point/time, wet/dry ba-
sis and method; PVT re-
viewer checks representa-
tiveness and component
mapping
Well tests, rates, reporting
period and reference con-
ditions; production engi-
neer reconciles boundaries

and inventory effects

Work-order timeline, re-
strictions and configura-
tion changes; equipment/
operations owner confirms
status
Applicable edition, juris-
diction and acceptance cri-
teria; discipline owner con-

firms applicability

topology register —

model builder.

equipment limits — ca-

pacity and safety threads.

operating inputs plus
withheld

benchmark measurements

— base-case comparison.

fluid definition —
NegSim  thermodynamic
model.

production_basis — sup-
ply scenarios and indepen-

dent balance check.

action constraints — in-
terpretation and recom-
mendation, not automatic

model tuning.

criteria_register —
comparisons and review

gates.
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Source — retrieval tool

Retrieved record and vali-

dation

Handoff and next owner

Reviewed inputs and
model registry — NeqSim

MCP

with

EOS, mixing rule, units

Versioned model

scenario_results —

equipment, flow-assurance

and accepted  inputs;
checks

base-case and sensitivity

and safety reviews.
process engineer

validity

Reviewed results — Pa-  Numerical outputs, warn-  Report and work record —

perLab/reporting tool ings, evidence links and decision owner.
reviewer decisions; study
lead checks recommenda-

tion scope

One possible implementation uses OpenText Content Management for Engi-
neering for controlled documents, AVEVA PI System for historian records,
SampleManager LIMS for laboratory results, and SAP asset management or
IBM Maximo for maintenance context. These are public examples of the source
roles, not a claim that this book supplies a ready-made connector between
them. An approved API, MCP adapter, or export must implement each handoff
in the chosen organization. [7, 9, 10, 18, 20]

is the join between these tools. A field in

fluid definition points to a laboratory record; a comparison limit points to a

The source manifest

document page and revision; a result points to the exact model state and run.
When a source cannot be retrieved, the dependent claim becomes an explicit
data gap. An absent compressor map blocks a map-limit conclusion. A bad
historian window blocks plant validation, while a separately authorized design-
case screen may continue with its own basis. The agent never labels a missing

record as retrieved or a hypothetical result as validated.

Follow one record through the chain

Consider the driver rating used in the compressor thread. Document search
finds the approved vendor datasheet using the equipment-register identity. The
reader extracts the rating, unit, applicable operating conditions, and page
reference. The equipment specialist resolves any ambiguity between electrical
input, shaft output, and available site rating. The accepted value enters
the criteria register. NeqSim returns required shaft power for the matching

scenario; the comparison step evaluates the same power basis. Maintenance
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restrictions or a pending driver modification are added as action constraints.
The report states the resulting constraint only after the equipment reviewer
accepts the match.

This is tool cooperation: retrieval establishes the record, extraction makes
it usable, review establishes its meaning, simulation supplies the demand,

comparison identifies a constraint, and reporting preserves the decision trail.

TOOL COOPERATION / 09

One worked case, one chain of evidence

The new-feed study combines multiple tools without losing the basis of a single input.

TOOL / SOURCE

Lab and production systems

Document and geometry tools

Historian adapter

HANDOFF ARTIFACT

Composition + rate basis

Approved limits + dimensions

Matched operating interval

CHECK BEFORE USE

Sample identity and reference conditions

Equipment identity and current revision

Time alignment, mode and quality

NeqSim and specialist tools Base case + changed scenario Balances, convergence and applicability

Maintenance and review tools Action options + decision record Feasibility, evidence gaps and ownership

The tieback example is a teaching scenario. Only results linked to the calculation-verification record are executed results.

Figure 9.1: The worked study preserves each tool’s source record, handoff artifact and

acceptance check.

Discussion (Figure 9.1).

This chain makes a calculation auditable even when several applications
contribute to it. If the laboratory composition changes, the affected model
inputs and scenarios can be identified. If a document revision changes an

equipment limit, the review can focus on the conclusions that used that limit.

9.4 Modular Field Model

The process-simulation agent builds a modular model with four process areas:

1. Subsea and pipeline: wellstream source, pipeline pressure drop, arrival
temperature.

2. Inlet and separation: inlet cooling, slug catcher or separator, HP/LP

separation.
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3. Compression and export: scrubbers, compressors, coolers, dehydration,
export pressure.
4. Utilities and safety interfaces: fuel gas, power demand, relief-load

screening interfaces.
The proposed model starts with a base host case. In a real study it must be

compared against recent operating data. Separate imposed boundary condi-
tions from independent outputs: a pressure copied from the historian is not
a successful prediction of that pressure. Suitable withheld comparisons may
include discharge temperature, shaft power, liquid rates, and reconciled fuel
use, subject to measurement quality and model scope. The tieback case then

adds an incremental wellstream and reruns the field model.
The important artifact is not only the model. It is the scenario state. The

state records the base case, the tieback case, changed inputs, source manifest,
and acceptance criteria. This state lets later equipment and safety agents refer

to the same scenario without rebuilding context from prose.

9.5 Illustrative Field-Level Results

The following numbers are illustrative screening values for the pattern. A real
study would replace them with NeqSim MCP or notebook outputs and source-
backed input data.

Result Base case Tieback case Screening  inter-
pretation
Export gas rate 100% reference 116% reference Production in-

crease is material.

Export compres- Driver margin be-

SOr power

HP separator gas

82% of driver rat-

ing

76% of screening

97% of driver rat-

ing

91% of screening

comes tight.

Capacity likely ac-

load limit limit ceptable but inter-
nals need review.
Export hydrate 8K 3K Flow assurance
margin study required for
cold cases.
Fuel gas use 100% reference 121% reference Emissions and

power impact need

evaluation.
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Result Base case Tieback case Screening inter-

pretation

Flare relief screen- Base design case Potential increase Formal relief check

ing basis required.

Within these assumed teaching outputs, the field-level screen identifies two
likely constraints: export compression and hydrate margin. It also identifies
two follow-up areas: separator internals and relief/blowdown. The agent does
not conclude that the host can accept the tieback. It concludes that the case is

worth further study if compressor and hydrate constraints can be addressed.

9.6 Compressor Detail Thread

The compressor thread starts from the field model. The tieback case gives
suction flow, suction pressure, suction temperature, gas composition, discharge
pressure, and required power. The equipment agent then retrieves compressor
evidence.

The source manifest includes the compressor datasheet, performance map,
anti-surge control description, driver rating, and recent operating tags. The
plant-data agent selects a recent steady-state window to compare actual and
modelled performance. Maintenance context indicates whether recent mainte-

nance work may affect efficiency or availability.
The compressor thread asks four questions:

Question

Calculation or evidence

Decision impact

Is required head inside
map?

Is driver power sufficient?

Is surge margin accept-
able?

Is observed efficiency de-
graded?

Map with
NeqSim gas properties

comparison

Required power versus dri-

ver rating

Flow/head point relative
to surge line
Model
trend and Maintenance

versus historian

context

Determines whether oper-

ating point is feasible.

Identifies production cap
or driver modification

need.
Determines anti-surge and
recycle implications.

Determines whether clean-
ing/maintenance could re-

cover margin.

The illustrative result is that driver margin is the tightest compressor limit,
while surge margin remains acceptable for the base tieback case. The workflow

therefore returns a facility constraint: export flow must be limited unless driver
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margin is recovered or compression is modified. It also returns a next action:

confirm compressor map and driver limits with a compressor specialist.

9.7 Flow Assurance Thread

The flow assurance thread evaluates arrival pressure, arrival temperature, and
hydrate margin. The agent retrieves pipeline length, elevation, insulation or
heat-transfer assumptions, seabed temperature range, inhibitor strategy, and
historical operating data. The NeqSim model calculates phase behaviour and

hydrate temperature along relevant operating points.
The teaching scenario assumes that a normal warm case has margin, while

a cold low-flow restart case may approach the hydrate limit. No executed
transient has established that result in this chapter. This changes the study
conclusion. The tieback may be feasible at steady high flow, but startup, turn-
down, and shutdown conditions require a more detailed transient or operating
procedure study. A production-increase screen that only looked at steady-state

export would have missed the controlling case.

9.8 Separator and Liquid Handling Thread

The separator thread uses the tieback fluid and field-model rates. Approved
equipment datasheets provide separator diameter, length, normal liquid level,
high-high level, inlet device, demister type, and nozzle sizes. NeqSim provides
densities, viscosities, surface tension, gas and liquid rates, and phase split.
The screening checks gas load factor, liquid retention time, inlet momentum,
and demister velocity. The illustrative result is that average capacity remains
inside screening limits, but slug or transient liquid handling is not addressed.
The recommendation is therefore to perform a dynamic liquid-handling check

if the tieback profile has high slugging uncertainty.
This thread shows why field and equipment levels need each other. The field

model identifies the increased liquid rate. The equipment study asks whether
the actual vessel and internals can handle it. The safety thread then asks

whether larger liquid inventory affects relief or blowdown assumptions.
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9.9 Safety Thread

The safety thread does not redo the HAZOP. It prepares a screening package.

It uses the field and equipment results to identify which safety studies may

need update.

Safety topic

Screening trigger

Recommended follow-up

Relief load

Blowdown inventory

Hydrate during shutdown

Compressor protection

Barrier documentation

Higher gas and liquid rates
through separators and

compressors

Changed operating inven-
tory and pressure in

process sections

Cold low-flow or restart

cases near hydrate limit

Operation closer to driver

or map limits

Changed operating enve-

lope

Formal relief review for af-

fected scenarios.

Blowdown and MDMT

screening.

Flow assurance and oper-

ating-procedure review.

Anti-surge and trip review.

HAZOP node package up-
date.

The safety output is an escalation map. It states that the tieback screening is

not sufficient for management of change. It identifies the formal studies that

would be needed before any operating limit or design basis changes.

9.10 Integrated Recommendation

The final recommendation should be short, evidence-based, and honest about

uncertainty:

illustrative
cold-case
capacity appears
internals need
compressor

change.
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tieback steady-state case, but export compressor driver margin and
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less limiting than compression, but liquid-handling dynamics and

review. Safety follow-up is required for relief, blowdown/MDMT,

protection, and HAZOP node updates before any operating envelope
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The recommendation also lists immediate next work:

1. validate compressor map and driver rating against approved vendor docu-
ments;

2. run cold-case flow assurance with uncertainty in ambient and inhibitor
assumptions;

3. perform separator internals and slug-handling review;

4. screen relief and blowdown impacts using approved safety methods;

5. update economics and emissions if technical constraints can be managed.

9.11 Remarks on the Illustrative Results

All results in this chapter are illustrative. They use representative but fictitious
data: fluid compositions, equipment sizes, tag names, and operating conditions
are invented for educational purposes. No real field or operator is named. The
value of the worked case is the workflow, not the numbers. The same pattern —
evidence plan, modular model, threaded studies, integrated recommendation

— applies to any real field study.

9.12 Root Cause Analysis Thread: Compressor Vibra-

tion

Suppose the tieback has been in operation for six months. The export compres-
sor begins reporting elevated vibration. Operations raises the question: What
is causing the vibration increase, and is it related to the changed operating
conditions?

This is a root cause analysis (RCA) problem. It cannot be solved by
simulation alone, because the cause may be mechanical, process-related, or
both. It cannot be solved by documents alone, because the documents describe
design conditions, not the current fault. It cannot be solved by historian data
alone, because correlation does not identify mechanism. The value of agentic
integration is that it combines all three.

Agent workflow

1. Resolve the event. The operations log identifies the compressor and event

period. The equipment register links the historian tags, condition monitoring
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channels, vendor records, and model object. A mismatch returns to the
equipment owner before evidence is combined.

2. Retrieve and align. The document reader returns the approved compres-
sor map and limits; the historian returns process conditions and anti-surge
valve position; the condition-monitoring system returns the relevant vibra-
tion evidence. The laboratory record establishes composition. A data-quality
step separates the pre-event baseline from the event and preserves quality
flags, time bases, and rejected periods.

3. Add maintenance context. The maintenance reader returns relevant
work orders and inspection findings, and the MOC reader returns configu-
ration changes. These build an event timeline; temporal coincidence alone
does not establish a cause.

4. Run supported diagnostic analysis. The agent uses the discovered

runRootCauseAnalysis schema to pass the model, symptom, accepted
historian data, and supported design-limit context. The returned
RootCauseReport is linked to the source manifest. A diagnostic label in
software is not proof that every required evidence channel has been analysed.

5. Review coverage. Candidate priors must identify their actual reliability
source and population. OREDA is an example of a governed reliability-
data source; its availability or licensing is separate from NeqSim access.
Supported process perturbations may test performance hypotheses, while
unsupported mechanical mechanisms must remain unverified. Normalized
ranking scores are not calibrated probabilities of the true fault. [2, 27]

6. Send the evidence to the specialist. The rotating-equipment engineer
reviews competing hypotheses and chooses the next discriminating check.

The operational owner controls any action.

Candidate hypothesis Evidence that could dis- Required specialist check

criminate it

Operation close to surge Corrected map position,  Confirm map applicability
synchronized process tags, and dynamic control re-

anti-surge controller state sponse.

Fouling or performance Composition-corrected ef-  Compare supported model

degradation ficiency trend, discharge  perturbations with inde-
conditions, inspection his- pendent measurements.
tory
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Candidate hypothesis

Evidence that could dis-

criminate it

Required specialist check

Rotor imbalance or mis-

alignment

Bearing degradation

Vibration spectrum, phase
information, mainte-

nance/alignment records

Vibration features, lubri-
cant and bearing-temper-

ature evidence, inspection

Mechanical condition as-

sessment; a thermody-

namic process model does

not resolve rotor dynam-
ics.

Check sensor validity and

mechanical evidence; sta-

ble temperature alone

does not rule it out.

No numeric ranking is asserted here: this teaching case has no retrieved event
record or executed diagnostic run. The useful output is the artifact chain
and the next evidence that would distinguish the hypotheses. The maintained
SimulationVerifier records unsupported, unknown, or failed verification sepa-
rately from evaluated cases; preserve those states in the report rather than

converting them into a successful diagnosis. [2]

9.13 Operational Evidence Package: Weekly Compres-

sor Review

Beyond event-driven RCA, the same integration pattern supports routine oper-
ational monitoring. Suppose the facility runs a weekly compressor performance
review. The agent builds an OperationalEvidencePackage that combines the tag

map, field data, and process model into a single reviewable artifact.

Tag map and independent checks
Keep private historian tag names in the deployment’s binding file. The public

teaching example uses logical names and model roles. Actual automation
addresses must be discovered from the constructed model; a plausible-looking

address is not enough to establish that it is writable or has the expected unit. [2]

Logical quantity Model role Unit or basis Use
Suction pressure Feed-stream bound- bar absolute Input.
ary
Suction  tempera-  Feed-stream bound- K Input.
ture ary
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Logical quantity Model role Unit or basis Use

Discharge pressure Specified compres- bar absolute Input for this case.

sor outlet pressure

Discharge tempera-  Calculated outlet- K Independent bench-
ture stream temperature mark.
Gas flow Feed-stream mass kg/h Input.
flow
Speed Compressor speed rpm Input or diagnos-
where the model tic  context, de-
uses a map clared explicitly.
Shaft power Calculated com- kW, shaft basis = Independent bench-
pressor power mark  after in-

strument basis is

checked.
Anti-surge valve po-  Recycle-valve state % Input only when
sition or context valve/control repre-

sentation is vali-
dated.

Weekly workflow

The historian reader selects an accepted window, and the laboratory reader
supplies its matching fluid basis. The tag map applies only the designated
inputs. The model runs, and withheld measurements test its predictive output.
OperationalEvidencePackage compares tags explicitly marked as BENCHMARK ;
input tags do not provide independent validation. Its scenario builder uses
copies of the base process, whereas direct OperationalScenarioRunner calls
require the caller to supply an independent process state. [2]

The process engineer chooses tolerances based on measurement uncertainty,
engineering significance, and model use. Relative differences can mislead for
near-zero quantities or Celsius temperatures. Prefer an absolute temperature
error in K and a defined power basis. Do not accept an empty benchmark set
as a validated model. Check the number of comparisons, missing values, and
the independence of every benchmark.

Two hypothetical scenarios continue the example: increasing throughput by
10% and reducing suction pressure by 3 bar. These changes define study inputs,

not established feasible operating actions.

158



WORKED PATTERN: FROM FIELD MODEL TO RECOMMENDATION

Illustrative arithmetic, not simulation validation

The table below checks the arithmetic of fictitious values previously used in

this example. It does not validate NeqSim predictions or actual plant data.

Comparison Assumed values Arithmetic result Meaning
Shaft-power Model 8400 kW; Absolute differ-  Requires matched
benchmark measurement 8750  ence 350 kW; rela-  shaft/electrical ba-
kW tive error 4.0% of  sis and an agreed

measurement tolerance.
Discharge-temper- Model 142.1 °C;  Model is lower by Use an absolute
ature benchmark measurement 6.4 K temperature toler-
148.5 °C ance; a Celsius

percentage has no

invariant physical
basis.

estab-

Before 8400 kW; Does not

after 9520 kW

Increase 1120 kW,
or 13.3% of base-

line gin

Throughput  sce-

nario power lish driver mar-
without an
accepted available

rating.
Before 8400 kW; estab-

after 9100 kW

Increase 700 kW,
or 8.3% of baseline

Lower-suction- Does not

pressure scenario lish surge margin

power without a suitable
map and operating

point.

For relative power error, divide the absolute model-measurement difference
by the measurement. For a scenario percentage change, divide the change by
the baseline. These are different comparisons and should remain differently
labelled. No blanket PASS or bottleneck verdict follows from this table.

The package  should

benchmarkComparison , scenarioStudies , and qualityGates ob-

reviewed  weekly contain  the actual
baseCapacity ,
jects returned by OperationalEvidencePackage , together with source and review
metadata stored by the workflow. Retain the raw tool output instead of

replacing it with a handwritten imitation of the API schema. [2]
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9.14 Dynamic Simulation Thread: Startup and De-
pressurization

The steady-state threads above identified hydrate margin during cold restart
as a potential constraint. A steady-state model cannot evaluate this risk fully
because the controlling case is time-dependent: the pipeline starts at ambient
temperature, warms gradually as production resumes, and may pass through

the hydrate region during the ramp-up window.
This is where dynamic simulation enters the worked case pattern. The

agent extends the field model into a transient study by following the workflow

described in Section 5.6 and Section 7.15:
1. Establish a physical initial state. Use an accepted operating state fol-

lowed by a validated shutdown/cooldown calculation, or specify a reviewed
static inventory and temperature distribution. A converged flowing case does
not define cold, blocked-in inventory, and a zero-flow steady-state solve is
not a substitute for that initialization.

2. Define the startup sequence. The scenario specifies: choke valve opens
gradually over 30 minutes, separator level controller active, compressor
starts when suction pressure reaches setpoint, inhibitor injection active from
time zero.

3. Run the transient. A reviewed workflow with the required dynamic
equipment physics and event handling steps through time, recording pipeline
temperature profile, separator level, compressor suction conditions, and
hydrate margin at each step.

4. Evaluate the response. The agent checks whether temperature anywhere
in the pipeline drops below the hydrate formation temperature at the local
pressure during the ramp-up window. It also checks whether separator level
exceeds high-alarm during the initial liquid surge.

5. Report. The output includes a time-domain temperature-vs-hydrate plot,

the minimum margin and when it occurs, and a pass/fail assessment.
No executed transient result is available in this chapter. The required output is

the minimum hydrate margin, its location and time, uncertainty in the initial
state and inhibitor distribution, and comparison with the approved criterion.
A calculated crossing would trigger specialist investigation; it would not by
itself validate a preheating or inhibitor strategy.

Similarly, a depressurization study for the tieback scenario uses dynamic

simulation to predict minimum metal temperature during emergency blow-

down. A thermal model with explicit wall properties and heat transfer must
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track fluid and metal temperatures separately. The study compares metal
temperature with the applicable material limit and records the time to reach
the specified depressurization target. Fire relief sizing is a related but distinct
scenario and must retain its own basis.

These dynamic threads change the overall study conclusion. The assumed
steady-state outputs illustrate a possible capacity question; they do not demon-
strate feasibility. A completed dynamic study could add constraints on startup,
shutdown, and depressurization, or establish that the chosen sequence needs
revision. This is a common pattern in real field studies: the facility has static

capacity, but the dynamic operating envelope imposes additional constraints.

Production data as dynamic boundary conditions

The dynamic simulation becomes more valuable when it uses production data
as boundary conditions. The latest well test provides the actual wellhead
pressure, GOR, and water cut. If the reservoir has matured and wellhead
pressure is lower than the design case, the startup transient may take longer
and the minimum hydrate margin may be smaller. Using design-case well data
can misrepresent the available margin; the direction and size of the error require
an appropriate model and comparison.

The pattern is: read the latest well test from the production database,
update the wellstream source in the dynamic model, and re-run the startup
transient. Compare the result against the design-case transient. If the actual-
well-data case has tighter margins, flag it as a changed operating condition

that may require a procedure update.

9.15 What the Agent Did and Did Not Do

The proposed agentic workflow would:

e structure the task;

e retrieve and organize evidence;

e build or update modular NeqSim scenarios;
e run screening calculations;

e connect equipment and safety follow-up;

e produce traceable artifacts.

Its remit excludes:

e approve the tieback;

e replace discipline reviews;
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o certify relief capacity;

o validate vendor data without specialist review;

e change operating procedures;

e bypass document or historian access controls.

This distinction is the heart of industrial agentic engineering. The agent makes
the study faster and more complete. The organization remains responsible for

decisions.

9.16 Reuse Pattern

The same worked pattern can be reused for brownfield debottlenecking,
production optimization, emissions reduction, and maintenance planning. The
details change, but the structure remains:

. classify the decision and study level,

. define evidence needs and approved sources;

. build or select a modular process model;

. run field-level scenarios;

1

2

3

4

5. launch equipment detail threads for bottlenecks;

6. launch safety and standards threads for affected barriers;
7. integrate results into a ranked recommendation;

8

. store artifacts and reusable lessons.
The strongest workflows are those that make the next study easier. A completed

tieback screen should leave behind improved tag maps, document retrieval

queries, model states, validation cases, and checklist updates.

Portable variant A: onshore gas processing or LNG feed ac-
ceptance

Replace the satellite tieback question with a proposed feed change. The
production or supply database provides the feed period; the laboratory system
provides the composition and sample basis; the document repository supplies
pretreatment, dehydration, refrigeration, and receiving-unit limits. Historian
and analytics tools establish a comparable operating window. The agent passes
reviewed feed inputs to the relevant NeqSim modules and obtains specialist-
model results for units outside the validated model scope. The comparison step
checks product specifications and equipment limits, then the review workflow
resolves safety and MOC implications. Whole-LNG-train capacity cannot be

inferred from a validated feed-gas calculation alone.
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Portable variant B: pipeline delivery and terminal interface

Replace the reservoir forecast with a nomination and transfer schedule. A GIS/
route database supplies the geometry; metering and historian systems supply
flow, pressure, and temperature; laboratory records establish composition or
product assay; a terminal inventory system defines receiving capacity. The
agent hands a validated route and boundary-condition package to hydraulic
and thermal models, then sends delivery conditions and uncertainties to the
receiving-facility reviewer. A pump or valve event invokes a separate transient
study. Maintenance restrictions and approved transfer procedures constrain the
recommendation. Downstream process or reaction calculations require their

own validated tools and cannot be assumed from pipeline performance.
Both variants retain the source — retrieved record — validation — model

or context — reviewed output sequence. They change the domain evidence and

model coverage, not the need for checked handoffs.

9.17 MCP Transcript Sketch

A real MCP transcript contains JSON-RPC messages and tool outputs. A book
does not need to reproduce the entire transcript, but a study should preserve
enough of the tool path to be auditable. A simplified transcript sketch for the
worked case might look like this:

User: Screen the defined tieback scenario using accepted evidence.
Agent: Discover available simulation, document, data, and
reporting tools.

Discovery -> actual tool names, schemas, access restrictions,
versions.

Document reader -> approved topology, equipment limits, source
references.

Historian/analytics reader -> accepted operating window and
quality report.

Laboratory/production reader -> fluid basis and scenario boundary
conditions.

Maintenance/MOC reader -> event timeline and action constraints.
Validation -> accepted model inputs and separate benchmark
measurements.

NeqSim tools -> base/scenario outputs, warnings, convergence and
model metadata.

Comparison -> benchmark deviations, constraints and unsupported
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conclusions.

Reviewer -> accepted findings, unresolved questions and permitted
next work.

PaperLab -> report, source manifest and reproducible work record.

This is a conceptual transcript. Source-reader labels are roles, not claims that
a native tool with that name exists. Use the schema returned by discovery for
each actual call. If a connector is absent, an authorized export takes its place

and the transcript records that route.
The transcript shows three healthy behaviours. First, the agent discovers

tools instead of assuming them. Second, it stops for missing data rather than
inventing critical inputs. Third, it uses structured outputs for comparison and
reporting.

For a formal study, the full transcript may be too verbose for the report,
but the source manifest and results object should preserve the essential parts:
tool name, input hash or file, output file, warnings, and version. This lets a

reviewer reproduce the path without reading a long chat history.

9.18 Results Object Sketch

A structured results object is the handoff between calculation and reporting.
The exact schema can vary, but the worked case needs fields like these:

{

"case id": "TIEBACK STEADY",

"study level": "screening",

"evidence status": "fictional teaching example; no simulation
executed",

"key results": {},

"validation": {
"base case compared to historian": false,
"actual source manifest available": false,
"formal design approval": false

I

"required artifacts": [
"accepted input package and source manifest",
"model revision and raw calculation output",
"independent benchmark comparison",
"discipline review record"
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"recommended next work": [
"Retrieve and review compressor map and driver rating",
"Execute cold-case flow assurance and transient studies",
"Review relief, blowdown and affected HAZOP nodes"

}

The object declares the teaching status and keeps uncomputed results empty. A
real run replaces these fields with source-backed values and actual checks. The
report generator can turn key results into tables, validation into a review
summary, and warnings into executive-summary caveats. Other agents can
read the same object and continue the workflow. A safety agent does not need

to parse a paragraph to learn that relief and blowdown require follow-up.

9.19 Risk Register Sketch

Even a screening study benefits from a simple risk register. It helps the team

see which uncertainties matter most.

Risk Category Likelihood Consequence Mitigation

Compressor Technical Possible Major Retrieve latest
map unavail- vendor package
able or out- and  specialist

dated review.
Cold-case  hy-  Flow assurance Possible Major Run  detailed
drate  margin transient and
below criterion inhibitor study.
Separator slug Process Possible Moderate Review slug
handling under- profile and dy-
estimated namic liquid ca-

pacity.
Relief loads in- Safety Uncertain Major Formal relief re-
crease beyond view before op-
installed capac- erating change.

ity

Incremental Environmen- Possible Moderate Include fuel and
emissions  re- tal/economic CO2 intensity
duce value of in economic

tieback screen.
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Risk Category Likelihood Consequence Mitigation
Maintenance Schedule Possible Moderate Link recom-
window incom- mendations to
patible with re- maintenance
quired modifi- and shutdown

cation planning.

The risk register does not need false precision. It needs to connect technical
uncertainty to next work. In this example, the top risks align with the
recommended follow-up studies, which is exactly what a screening risk register
should do.

9.20 Summary

This chapter has shown a complete pattern from field-level question to detailed

equipment and safety follow-up. The example is fictional, but the workflow is

intended to be directly reusable. The central message is that agentic engineering
does not replace the engineering process. It connects data, models, tools, and
review in a way that makes the process faster and more traceable.

Key additions in this chapter:

* Root cause analysis (Section 9.12) shows how declared reliability evi-
dence, process and condition-monitoring data, design limits, and supported
NeqSim perturbations contribute to a specialist-reviewed hypothesis pack-
age.

o Operational evidence packages (Section 9.13) demonstrate
the weekly monitoring pattern where OperationalTagMap and
OperationalEvidencePackage automate the data-to-model binding, bench-
mark comparison, and scenario analysis.

e Dynamic simulation (Section 9.14) adds time-dependent analysis for
startup and depressurization, showing how production data changes the
dynamic boundary conditions and why steady-state screening alone is insuf-
ficient.

o Together, these threads illustrate the defining pattern of agentic engineering;:
no single data source or tool could produce the result; value comes from the
structured combination of documents, field data, production databases, and

both steady-state and dynamic simulation.
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Exercises

1.

Scenario split: Apply the same pattern to a produced-water debottleneck-
ing study and define the process areas.

Evidence gap: Identify what should happen if the compressor vendor map
cannot be retrieved.

Safety escalation: Write the escalation statement for a tieback screen
where hydrate margin is below the operating criterion.

Root cause analysis: A separator shows increasing liquid carryover to the
gas outlet six weeks after a production increase. Design the RCA workflow:
list the symptom type, at least four candidate hypotheses, the historian
tags that would distinguish them, and the controlled engineering documents
required.

Evidence package design: Define the tag bindings, benchmark tolerance,
and two operational scenarios for a weekly heat-exchanger performance

review using OperationalEvidencePackage .
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CHAPTER 10

Playbooks, Checklists, and Dis-

cipline Patterns

Learning Objectives

After reading this chapter, the reader will be able to:
1. Reuse practical prompts, checklists, and report patterns for MCP-backed

NeqSim studies.
2. Select evidence sources, model boundaries, and review gates for common
study types.
3. Translate the common workflow into discipline-specific playbooks.
4. Maintain a local library of skills and workflows while protecting confidential
data.

Beyond the online book: The online book explains the task-solving

workflow and results schema. This final chapter turns the book into practice:

reusable prompts, checklists, study templates, discipline patterns, and skill-

maintenance rules.

10.1 Why Playbooks Matter

Agentic engineering becomes valuable when good practice is repeatable. A

single successful chat session is useful, but it is fragile. A playbook is stronger.

It defines the prompt pattern, source requirements, model steps, validation

gates, outputs, and review expectations.
Playbooks should be short enough to use and precise enough to govern. They

prevent common failure modes: missing source data, wrong units, unsupported
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assumptions, unreviewed safety claims, overconfident recommendations, and
lost artifacts.

The playbooks in this chapter are templates. Teams should adapt them
to local requirements, access controls, discipline standards, and professional

ownership.

10.2 MCP and Agent Setup Checklist
Use this checklist before asking an LLM to call NeqSim through MCP.

Step Check

Docker or approved runtime available A simple container test or approved local

equivalent works.
Image selected NeqSim MCP image tag or digest is recorded.
Client configured .vscode/mcp.json or equivalent client config
points to the server.
Agent and skill pack installed Required .agent.md , SKILL.md , and instruc-

tion files are available to the user.

Tool discovery works tools/list returns the expected NeqSim
tools.
Simple public test works A methane flash or gas-quality calculation

returns structured output.

Logging understood Tool-call logs are stored in an approved loca-
tion.
Data policy clear Users know what data may be pasted,

mounted, retrieved, or exported.

Profile appropriate Desktop, study-team, advisory, or enterprise

profile is selected.

Do not start with confidential facility data. Start with a public example, prove

the tool path, then move to governed internal workflows.

10.3 Prompt Patterns

Good prompts define the role, tool boundary, evidence expectation, and output.
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Tool-backed calculation

Use NeqSim MCP tools for the calculation. Do not estimate the
engineering result

from memory. Before calling the tool, state the required inputs
and assumptions.

After the tool call, report model, units, convergence status,
warnings,

limitations, and whether the result is screening or design-level.

Missing-data stop rule

If a required input is missing, stop and list the missing input,
why it matters,
and approved sources where it could be retrieved. Do not invent
default values

unless I explicitly ask for a hypothetical example.

Source-aware document extraction

Read the provided technical documents and extract only values
relevant to the

study. For every value, return source file, page or sheet, unit,
confidence,

and review status. Mark OCR-derived or ambiguous values as
needs review.

Safety boundary

Treat the safety result as a screening. Identify affected HAZOP
nodes, relief

cases, blowdown/MDMT concerns, and barriers. Do not state that a
safety case is

approved. List required discipline reviews.

These prompts can become skills or command templates. The aim is to make
good behaviour the default.

10.4 Source Manifest Checklist

Every standard or comprehensive study should have a source manifest. At
minimum, record:
e source identifier;

e source type;
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e repository or system;

o title or description;

e revision or timestamp;

e retrieval time;

e access basis;

o extracted values with units;
e confidence and review status;

o limitations or open questions.
For historian windows, also record tag names, units, start and end time,

aggregation method, number of points, bad-quality percentage, steady-state
criterion, and rejected periods. For enterprise context, record equipment iden-
tity, record type, date range, summarized finding, privacy restrictions, and

whether the data is evidence, context, or action constraint.
The manifest should be stored with the task, not only described in chat.

Classify every extracted field by its use: model input, independent benchmark,
acceptance criterion, or contextual constraint. A value used to set an input
cannot also count as independent evidence that the model predicts it correctly.
Record an artifact path and a field or row identifier so the next tool can follow

the evidence without interpreting a chat summary.

10.5 NeqSim Model Setup Checklist

Use this checklist when building or reviewing a model.

Area Check
Fluid Composition sums correctly, components exist, EOS is justified.
Units Temperature, pressure, flow, and composition basis are explicit.

Mixing rule

Mixing rule is set before flash or process calculations.

Initialization Physical properties are initialized before reading transport properties.
Boundaries Feed, product, utility, and recycle boundaries are documented.
Equipment Equipment names are stable and match tag maps where appropriate.

Process areas

Large models are split into named ProcessSystem areas.

Automation Key variables have stable string addresses.
Validation Base case is compared with known values or historian window.
State Model state and scenario changes are stored.
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Many model errors are not deep thermodynamic failures. They are missing

mixing rules, unit confusion, stale composition, or untracked scenario changes.

Connector and exchange checklist

Before the model run, complete the handoff between source systems and tools:

Check

Evidence to retain

Capability discovered

Asset identity resolved

Time and revision aligned

Basis validated

Independent comparison preserved

Exchange checked

Failure branch defined

Actual callable tool/schema or authorized export

route; distinguish read access from write access.

Mapping between equipment register, document
number, historian tag, sample point, and model

object.

Effective document revision, sample time, histo-
rian window/time zone, and production account-
ing period.

Absolute/gauge pressure, molar/mass composi-
tion, wet/dry analysis, standard-volume refer-

ence conditions, and units.

Inputs separated from withheld benchmark vari-

ables and acceptance criteria.

Extracted record — validated field — model

input/output — reviewer; log rejected fields.

Missing source, stale data, unsupported model

or failed calculation routes to a named owner.

A named platform is an example of a source role. An engineering document

repository supplies controlled drawings, and an enterprise maintenance plat-

form supplies work orders. The same playbook works with another repository

or an approved file export when the artifact contract is preserved. Installing
NeqSim MCP alone does not provide these integrations. [4, 11]

10.6 Study-Type Playbooks

Study type Minimum data NeqSim work Review trigger
Dew point or gas Composition, Flash or standard  Close to sales spec-
quality pressure, standard calculation ification.

173



PLAYBOOKS, CHECKLISTS, AND DISCIPLINE

PATTERNS

Study type

Minimum data

NegSim work

Review trigger

Hydrate margin

Compressor

screening

Heat  exchanger

duty

Separator capacity

Valve and piping
operability

Relief screening

Field development
or production sce-

nario

Composition, wa-
ter /inhibitor, P/T
envelope
Gas

map, driver limit

conditions,

Flows, tempera-

tures, datasheet

Rates,

dimensions,

properties,

inter-
nals

Valve data, line

data, P/T/flow,

phase state

fluid,
equip-

Scenario,

pressure,
ment

fluid,

econom-

Production,
facilities,

ics

Hydrate and phase

calculation

Head, power, and

map comparison

Duty and UA com-

parison

Gas load, reten-
tion, and carryover

screening

Pressure drop,

phase, thermal,

and surge screen-
ing

Relief

and load estimate

properties

Modular

and  uncertainty

process

cases

Margin below cri-
terion or data
missing.
Near surge,
stonewall, or dri-

ver limit.

Large  mismatch
or cleaning recom-

mendation.

Near capacity or

safety impact.

Any operating-
limit or hardware

change.

Any design or
operating-limit
change.
Concept selection
or investment deci-

sion.

Each playbook should state whether the output is a quick screening, a standard

study, or a formal deliverable.

10.7 Report and Review Pattern

A concise PaperLab-style report can use this structure:

1. Executive summary: decision question, answer, confidence, and next

action.

2. Scope: included boundary, excluded items, study level, and acceptance

criteria.

S o W

tions.

Results: key tables and figures with units.
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7. Safety and standards: affected standards, barriers, and escalation needs.
8. Recommendation: action, limitations, and required reviews.

9. Appendices: detailed source manifest, tag windows, tool calls, and model

state.

Before releasing an agent-prepared study, ask whether the decision question is
clear, inputs are sourced and unit-checked, NeqSim tools performed the calcu-
lation, warnings are visible, uncertainty is proportionate, safety implications
are identified, the recommendation matches the study level, and the result can

be reproduced from stored artifacts.

10.8 Discipline Pattern

Every discipline playbook should contain the same minimum elements.

Element Question the playbook must answer
Decision question What decision or screening is being supported?
Evidence sources Which documents, historian tags, enterprise records, lab data, or

standards are approved?

Model boundary Which process area, equipment item, route, or operating envelope

is included?

Tool boundary Which MCP tools, notebooks, scripts, or reviewed models are
allowed?
Validation What benchmark, datasheet, historian window, or manual calcu-

lation checks the result?

Uncertainty Which inputs can change the recommendation?
Review gate Which discipline owner must review before the result is used?
Reusable artifact What prompt, source manifest, model state, report, or checklist
is stored?

This common structure prevents disciplines from building isolated habits. A
production question can become a flow assurance question. A valve question
can become a relief, noise, or surge question. A chemical-treatment question

can become a materials or environmental question.

A reusable sequence: explain a compressor performance
change

Use this playbook to turn the architecture into an executable study plan. It is

a workflow specification; invoke only tools discovered in the actual setup.
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1. Scope and discovery. The study lead defines equipment, observation
period, decision, and review owner. The agent checks which document,
historian, laboratory, maintenance, simulation, and reporting tools are
available. Output: study plan.md and a connector inventory.

2. Retrieve. The document tool returns the approved map and limits; the
historian tool returns operating records; the laboratory tool returns the
relevant composition; maintenance and MOC readers return the event
timeline. Output: immutable source files and a manifest with equipment/
time matches.

3. Prepare. A data-quality notebook or approved analytics tool normalizes
units, rejects bad periods, and separates boundary conditions from bench-
mark measurements. Output: validated inputs.json , rejected-record notes,
and a benchmark table. Conflicting evidence returns to the data owner.

4. Calculate. NeqSim MCP runs the reviewed model for the accepted state
and agreed sensitivity cases. Output: calculated properties/performance,
warnings, convergence evidence, and scenario states. A failed or out-of-
domain run stops the dependent recommendation.

5. Compare. The comparison step checks withheld measurements and vendor
limits. The specialist evaluates plausible mechanisms, map coverage, and un-
certainty. Output: a ranked evidence table; unsupported fault mechanisms
remain unverified. Maintenance records constrain available next actions.

6. Review and publish the study artifact. The discipline reviewer records
acceptance, rejection, or further-work status. PaperLab turns the accepted
evidence into a report with figures and an explicit recommendation bound-
ary. The operational owner decides whether a separately controlled action

follows.
The integration lesson is the same as in Chapter 9: one tool’s output is the

next tool’s input, and each handoff carries a check. A spreadsheet or analytics
application may perform data preparation; a specialist simulator may provide
a required model that NeqSim does not cover. Declare that responsibility and
validate the exchange rather than pretending the entire workflow is native to

one application.
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PLAYBOOKS, CHECKLISTS,

A reusable playbook is a tool contract

Make the workflow portable by specifying artifacts and checks before naming products.

PLAYBOOK FIELD 1
QUESTION

Decision required
Asset and operating case

PLAYBOOK FIELD 4
CHECKS

Balances and diagnostics
Limits and missing evidence

PLAYBOOK FIELD 2
INPUT CONTRACT

Sources, units and time
Required evidence quality

PLAYBOOK FIELD 5
REVIEW

AND DISCIPLINE PATTERNS

PLAYBOOK FIELD 3
TOOL CHAIN

Retrieve — reconcile
Simulate — compare

PLAYBOOK FIELD 6
REUSE

Portable across facilities

Responsible discipline
Approved next action

Keep the contract; substitute the approved local system and verify the adapter.

Versioned results
Outcome and lessons

Use the same pattern for compressor checks, exchanger fouling, production constraints and evidence preparation.

Figure 10.1: A portable playbook defines the question, input contract, tool chain, checks,

review and retained knowledge.

Discussion (Figure 10.1).

The playbook describes responsibilities before products. A site can substi-

tute its approved historian or maintenance system while keeping the same

evidence requirements. Check the replacement adapter against the input con-

tract and retain the test case, so reuse improves consistency instead of carrying

hidden site assumptions forward.

10.9 Discipline Matrix

Discipline Typical ques- Data needed Agent/MCP Human re-
tion support view
Process engi- Can the plant Composition, Process sim- Process lead.
neering increase rate? P/T/flow, ulation  and
equipment bottleneck
limits ranking
Production Which oper- Forecasts, Production Production or
engineering ating option well tests, and facility study lead.
gives most constraints, scenario com-
value? host model parison
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Discipline Typical ques- Data needed Agent/MCP Human re-
tion support view
Automation/ Is loop or Tags, loop Trend analy-  Control engi-
control alarm behav-  data, alarms, sis and dy- neer.
ior  explain- trip history namic or
able? steady-state
comparison
Valves Is the wvalve Valve data, Valve pres- Valve/control
suitable  for P/T/flow, sure-drop and specialist.
this scenario? phase  state, choked-flow
actuator con- screening
text
Piping Is the line  Line class, Hydraulic, Piping/mate-
acceptable for  route, P/T/  thermal, and rials/HSE.
the envelope? flow, material, trapped-
insulation inventory
screening
Flow  assur- Is hydrate, Route, fluid, Phase and Flow  assur-
ance wax, slugging, water, ambi- thermal- ance engineer.
or cooldown ent, inhibitor hydraulic
risk  accept- screening
able?
Chemicals/ What chemi- Water, Inhibitor and  Chemicals en-
production cal strategy is composi- chemistry evi- gineer.
chemistry needed? tion, threat, dence package
dosage, injec-
tion point
Materials/in- Are  mater-  Material, in- MDMT, cor- Materials or
tegrity ial limits or spection, cor- rosion-driver, integrity engi-
degradation rosion data, and erosion neer.
mechanisms P/T history screening
affected?

Environmen- What is the Fuel, flare,  Emissions and Environmen-
tal/emissions environmen- vent, chem- energy-inten- tal authority.
tal impact? ical, power,  sity estimates
discharge
data
HSE/techni- Are Dbarriers, HAZOP, Safety evi- HSE/techni-
cal safety relief, or ma- LOPA, C&E, dence package cal safety au-

jor-accident PSV, barrier and screening thority.
risks affected? documents calculations
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Discipline Typical ques- Data needed Agent/MCP Human re-
tion support view
Operations/ What is hap-  Trends, logs, Diagnosis, Operations or
maintenance pening  and work orders, timeline, and maintenance
what should equipment escalation owner.
be checked? data support

For an onshore gathering facility, emphasize well tests, route geometry, and
compression constraints. For gas processing and LNG, include feed assays,
pretreatment limits, refrigeration or liquefaction interfaces, and product speci-
fications. For transmission and terminals, use nominations, metering, storage
inventories, and transfer constraints. At a downstream interface, include the
relevant product assay, utility balance, and receiving-unit limits; do not assume
that a validated upstream model covers refinery reactions or whole-site opti-

mization.
A local implementation should adapt names and review gates to the organi-

zation. The important point is the route from question to evidence to tool to

review.

10.10 Discipline Notes and Red Lines

Process and production. The agent should expose assumptions, scenario
boundaries, active constraints, and trade-offs. Production scenarios should keep
reservoir assumptions separate from facility calculations and should not hide

flow assurance or compressor constraints behind a production target.
Automation and control. The strongest use cases are read-heavy and

diagnostic: trend review, loop diagnosis, alarm support, startup/shutdown
evidence, and tag mapping. Changes to set points, trips, alarm limits, or control

logic remain governed engineering work.
Valves and piping. NeqSim can support pressure drop, phase behaviour,

flow regime, thermal profiles, surge screening, and scenario loads. Final pipe
class, wall thickness, flange rating, support design, valve trim selection, actu-
ator sizing, noise assessment, and formal code compliance require discipline

approval.
Flow assurance and chemicals. Hydrate, wax, asphaltene, corrosion,

scale, inhibitor, and separation-chemistry workflows should tie recommenda-

tions to water rate, phase behaviour, temperature profile, injection point,
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chemical availability, environmental classification, and uncertainty. Chemicals
are not a simple tuning knob.

Materials and integrity. The agent should retrieve material specifications,
line classes, inspection records, corrosion monitoring, wall-thickness measure-
ments, and relevant standards. A wrong material grade, line class, heat

treatment, or inspection date can invalidate a screening.

Environmental and emissions. Process models can estimate stream
quantities, power, flaring, venting, chemical use, and energy intensity. Formal
reporting may require approved factors, allocation logic, measurement rules,
and auditable records.

HSE and technical safety. The agent can prepare HAZOP node packages,
LOPA /SIL tables, relief-property screens, blowdown/MDMT evidence, barrier
packages, and MOC impact summaries. It should not approve a HAZOP,
LOPA, SIL, relief design, safety case, or MOC; claim barrier independence
without review; credit operator response without criteria; use stale documents
for final conclusions; hide missing data behind assumptions; or present screen-

ing as design approval.
Operations and maintenance. The agent should say what is known, what

is inferred, what should be checked, and what must be escalated. Root-cause
outputs should arrive as evidence packages with ranked hypotheses, not as final
diagnoses.

10.11 Building and Maintaining Skills

Discipline playbooks become more powerful when turned into maintained skills.
A skill should define when it is triggered, what input is required, what sources
are approved, what tools are allowed, how results are validated, what red lines
apply, and who owns the review.

Start with a small number of high-value skills:

process debottlenecking;

production backpressure sensitivity;
flow assurance hydrate margin;
valve and piping operability;
chemicals and corrosion evidence;
emissions and energy-intensity;

technical safety screening;

® NS oW

operations troubleshooting.
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When a task requires new calculation capability, preserve a compact improve-

ment record alongside the study:

e the engineering gap and a minimal reproducible case;

e the proposed source change and the physical method it implements;

o tests and independent reference evidence, including failed or unsupported
cases;

e the reviewed code revision, remaining limitations, and release status;

 the matching skill/agent update and the artifact passed to the next task.
Code, tests, and skills can therefore improve together as engineering tasks are

solved. A synthetic example checks reproducibility or software behavior; it is
not automatically independent scientific validation. Follow the development
loop in Section 3.10 and the release controls in Section 8.8 before reusing the
new capability in a governed study.

Each skill should have at least one public or synthetic validation case.
Update a skill when a workflow fails, a tool changes, a standard requirement is
clarified, or a repeated review comment appears. A small library of maintained

skills is better than a large library of stale ones.

10.12 Failure Modes and Recovery

Failure mode Symptom Recovery
Tool not called Answer has no tool output Restate tool-backed re-
or provenance quirement and inspect

MCP availability.

Missing data invented

Wrong source used

Unit mismatch

Overconfident recommen-

dation

Context overload

Assumptions appear with-

out source

Stale or unapproved docu-

ment appears
Result physically implau-
sible
Screening result stated as

approval

Agent loses task thread

Apply missing-data stop
rule and rerun.

Update

and source manifest.

retrieval  scope
Recheck unit conversions

and basis labels.

Add study-level label and
review gate.
Store progress and arti-

facts, then resume from
task folder.

Failure recovery should update skills or memory. If a team repeatedly sees

pressure-basis confusion, add a pressure-basis check. If a document reader
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misreads scanned tables, improve the OCR review rule. Trust grows when the

system learns visibly.

10.13 Success Measures

Discipline adoption should be measured with quality and speed metrics.

Metric

What it shows

Preparation time per study

Source completeness

Review findings per package
Reuse of validated skills

Escalation correctness

Validation pass rate

Time from operational question to

screened answer

Whether agents reduce manual evidence

gathering.

Whether required documents and data

are included.

Whether recurring gaps remain.
Whether workflows become standardized.
Whether screenings are routed to special-

ists when needed.

Whether tools and workflows remain sta-
ble.

Whether daily decisions receive faster

support.

The aim is not to maximize the number of agent outputs. The aim is to improve

quality, consistency, traceability, and timeliness.

10.14 Final Checklist

Before using an agentic workflow for a real engineering decision, confirm that:

1. the question is clear and bounded;

data sources are approved;

the tool boundary is explicit;

the study level is declared;

human review is assigned;

© P NSO W

artifacts are stored;

—
e

the NeqSim model and version are recorded;

units, warnings, and limitations are visible;

safety and standards implications are considered;

reusable lessons are extracted without exposing confidential data.
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When these statements are true, LLMs, MCP, NeqSim, and industrial data

can work together as an engineering system rather than a novelty interface.

10.15 Summary

This final chapter turns the book into a practical operating manual. The
common pattern is consistent across study types and disciplines: evidence first,
governed tool calculation second, uncertainty and limitations visible, human

review assigned, and reusable learning stored.

Process engineers need transparent flowsheet studies. Production engineers
need facility-aware production scenarios. Automation engineers need tag-linked
diagnostics. Valve and piping engineers need explicit operability and design
handoffs. Flow assurance and chemicals engineers need thermal, hydraulic, and
chemistry margins. Materials engineers need material-limit and degradation
screening. Environmental engineers need auditable emissions and discharge
estimates. HSE and technical safety engineers need conservative evidence
packages and red lines. Operations and maintenance teams need fast diagnosis
with clear escalation.

That is the central message of the book: agentic engineering is valuable when
it turns calculation, data access, professional judgement, and review into one

traceable workflow.

Exercises

1. Workflow index: Create a local workflow-library entry for one recurring
study, including owner, inputs, outputs, and review need.

2. Prompt rewrite: Improve a vague prompt so it requires tool use, source
provenance, warnings, and a study-level label.

3. Discipline handoff: Pick a production-rate increase and list the process,
flow assurance, valve/piping, environmental, and technical-safety review

points.
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Adapter — Software that translates an approved system interface into a
defined retrieval or calculation contract. An adapter is separate from the
database or application it accesses.

Agent — An LLM behavior profile with instructions, tool access, and a
defined role in a workflow.

Artifact — A durable output from an engineering workflow, such as a
notebook, source manifest, results.json , figure, or report.

Barrier — A preventive or mitigating measure that reduces the likelihood
or consequence of a hazardous event.

Binary Interaction Parameter (BIP) — A fitted parameter k;; that
corrects the geometric mean combining rule for the cross-energy parameter in
cubic equations of state.

CMMS — Computerized maintenance management system, used to man-
age maintenance work, equipment records and related resources.

Deployment Profile — A policy setting that controls which MCP tools
and levels of autonomy are appropriate for a desktop, study-team, digital-twin,
or enterprise context.

EAM — Enterprise asset management, covering asset information and

lifecycle work such as maintenance, inspection and planning.
Equation of State (EOS) — A mathematical relation between pressure,
volume, and temperature that describes the thermodynamic state of a fluid.
Evidence package — The reviewed records, extracted values, assumptions

and provenance supplied to an engineering study.

Flash Calculation — The computation of phase compositions and
amounts at thermodynamic equilibrium for a given feed at specified conditions
(e.g., T, P).

Fugacity — An effective partial pressure that accounts for non-ideal
behavior. Phases are in equilibrium when component fugacities are equal across

all phases.
GIS — Geographic information system, used to manage location-based

records such as routes, elevations and spatial asset relationships.
HAZOP — Hazard and Operability study, a structured workshop method
for identifying process deviations, causes, consequences, and safeguards.
Historian — A time-series database for plant operating measurements,

including timestamps and quality information.
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HSE — Health, safety, and environment; the organizational and engineering
functions concerned with protecting people, assets, and the environment.

LIMS — Laboratory information management system, used to manage
samples, analyses, results and laboratory approval status.

LLM — Large language model; the reasoning and language interface that
can plan steps, call tools, and write explanations.

LOPA — Layer of Protection Analysis, a semi-quantitative method for
evaluating whether independent protection layers reduce scenario risk suffi-
ciently.

MCP — Model Context Protocol, a protocol that lets LLM clients discover
and invoke external tools and resources through structured messages.

Memory — Stored user, repository, or session knowledge that helps an
agent reuse verified facts and avoid repeated mistakes.

Mixing Rule — The prescription for combining pure-component EOS
parameters into mixture parameters.

MOC — Management of change, the organization’s controlled process for

assessing, approving, implementing and recording changes.
NeqSim — Non-Equilibrium Simulator. An open-source Java toolkit for

thermodynamic calculations and process simulation.

ProcessModel — A NeqSim model that composes multiple named process
areas, each often represented by a ProcessSystem .

ProcessSystem — A NeqSim flowsheet containing streams, equipment,
controllers, and process connections for one process area.

Professional Ladder — Discipline career and authority structure respon-
sible for maintaining professional quality, methods, mentoring, and technical

standards within an engineering domain.

Provenance — Traceable information about where a value or result came
from, including source, revision, retrieval time, method, and review status.

Reference conditions — The stated temperature and pressure, and any
other relevant basis, used to express a volume or flow. Standard volume is
incomplete without its reference convention.

SAP — Enterprise resource planning system commonly used for equipment
master data, maintenance notifications, work orders, and spare-parts context.

Scenario — A named set of model inputs, operating assumptions and
constraints whose results are evaluated together.

SIL — Safety Integrity Level, a target reliability classification for safety

instrumented functions.
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Skill — A curated knowledge package that teaches an agent when and how

to perform a domain task.
Source Manifest — A structured list of documents, tags, database records,

and assumptions used in a study.
Technical Safety — Engineering discipline focused on preventing, con-
trolling, and mitigating major accident risk through barriers, safety studies,

standards, and lifecycle assurance.
Tool — A callable function outside the language model, such as an MCP

calculation, file reader, document retriever, or historian query.

Trivial equilibrium solution — A numerical result in which the supposed
coexisting phases have the same composition and properties. It requires further
physical checks before being accepted as a phase boundary.
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Symbols and units

P — Pressure (Pa)
T — Temperature (K)
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